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XILINX FJ>GA: ·TIMING ISSUE 

· Andrzej J. Gapinski 
Penn State University-Fayette 

ABSTRACT 

Proceedings of the 2004 IEMS Conference 

FPGA technology became an important choice within the programmable logic solutions. In the design process a 
designer must consider timing issues which often necessitate the modifications of the design prior to the 
implementation. Example of a state machine and a modified state machine of a parity checker illustrates the timing 
problem and its solution. · 

INTRODUCTION 
Field Programmable Gate Arrays (FPGAs) technology provides an important choice within the programmable logic 
solutions. Major player, Xilinx Corporation 1, developed technology, which is used currently by many industrial 
sectors. Digilent Inc., manufactures FPGAs boards well suited for digital design projects. FPGAs technology offers 
shortening of the design and implementation cycles, which is important factor in deployment of digital solutions. 

The literature on programmable memories and FPGAs in particular is already quite extensive with examples listed 
in references 3-5. 

In previously reported technical notes we discl!Ssed various design and implementation aspects of digital 
·programmable solutions, such as educational/instructional methodologies, simple illustrative examples, choice of the 
design & programming tools, etc. (Gapinski6-9

.) 

This technical note is devoted to the timing issue related to interdependence of various signals applied to FPGA 
board, which has to be considered and solved correctly so that overall design functions properly. The timing issue as 
discussed below would often necessitate an introduction of some changes or modification to the design. 

TIMING ISSUE: A PARITY CHECKER 
Here, an analysis and implementation of a parity checker is considered as an example of a necessary design 

modification to be performed in order to elevate timing problem prior to implementation. The illustration shows · 
how to modify the design, even if it meets project specifications based on simulated timing diagram, so that it can be 
realized. 

The FPGAs technology used here incorporate Digilent' board, Digilab 2XL-DI01, which hosts Xilinx Spartan 2 
XCS30 5TQ144 FPGA chip and Xilinx software, ISE 4.2i with downloading utility, iMPACT. 
The downloading utility requires IT AG option to be chosen. The clock signal is generated by the Digilab board and 
can be connected to FPGA pin 91 to drive the FPGAs. 1

0-
11 

The figure 1 depicts the finite state machine diagram of an odd parity checker, which generates output signal of one, 
"1", labeled "OUTBIT," if machine is in "ODD" state after receiving an odd number of binary ones, ls, on input 
.labeled "INBIT". Reset input allows resetting the state to "INIT," for initial state. The arrows with attached labels 
depict the conditiop.s, which are expressed in VHDL notation, that have to be met for the transitions to occur. Figure 
3 ~ists the VHDL file of the project. 

The timing diagram generated, seen of figure 5, shows input, INBIT, reset signal, RESET, state of the machine, 
either INIT, or ODD, or EVEN, and the generated output signal, OUTBIT versus time. The clock cycle can be 
changed using proper selection from the menu. The clock time cycle, in figure 3, was set to nanoseconds, ns: As one 
can assess the timing diagram indicates that circuit functions correctly. However from an actual machine 
performance point of view the design will not perform satisfactorily. Namely, looking at clock cycles number 2 and 
3, or from 3 to 10,. one can notice that input bit, INBIT, by staying at the same level will cause the state transfer at 
the next clock transition. Machine believes that it received the consecutive inputs equal to one, 1. Clearly this is not 
correct and some changes have to be made to.the design so that state transition happens only when logkone, 1, is 

· actually received. 
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Figure 1. FSM Diagram 
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RESET 

OT RESET AND 
INBIT 

NOT RESET AND NOT 
INBIT 

In order to mitigate the obvious problem one can change the FSM, state diagram, by introducing the two additional 
states labeled, PREODD and PREEVEN. The new states indicate the receiving one, 1, on INBIT input and after the 
input goes to zero, 0, the machine transfer to desired states of ODD or EVEN, respectively. See figure 2. The VHDL 
code for the modified design is shown in figure 4. 

RESET 

RESET 

NOT RESET AND NOT 
INBIT 

NOT RESET AND 
INBIT 

NOT RESET AND 
INBIT 

Figure 2. Modified FSM Diagram 

-- C:\FPGA_pROJECTS\STAT_M.vhd 
-- VHDL code created by Xilinx's StateCAD 5.03 
-- Sun Dec 07 11 :11:13 2003 · 

-- This VHDL code (for use with Xilinx XST) was generated using: 
-- one-hot state assignment with boolean code format. 
- Minimization is enabled, implied e_lse is enabled, 

2 

RESET 



-- and outputs are manually optimized. 

LIBRARY ieee; 
USE ieee.std_logic_l 164.all; 

ENTITY ST AT M IS 
PORT (CLK,INBIT,RESET: IN std_logic; 

OUTBIT : OUT std_logic); 
END; 

ARCHITECTURE BEHAVIOR OF ST AT _M IS 
State variables for machine sreg 

- SIGNAL EVEN, next_EVEN, INIT, next_INIT, ODD, next_ODD: std_logic; 
BEGIN 

PROCESS (CLK, RESET, next_EVEN, next_INIT, next_ODD) 
BEGIN 

IF ( RESET=' l' ) THEN 
EVEN<='0'; 
INIT<= 'l'; 
ODD<='0'; 

ELSIF CLK='l' AND CLK'event THEN 
EVEN <= next_ EVEN; 

END IF; 
END PROCESS; 

INIT <= next_ INIT; 
ODD <= next_ ODD; 

PROCESS (EVEN,INBIT,INIT,ODD,RESET) 
BEGIN 

Proceedings of the 2004 IEMS Conference 

IF (( RESET='0' AND INBIT='0' AND (EVEN='l ')) OR ( RESET='0' AND INBIT='l' 
AND (ODD='l'))) THEN next_EVEN<='l'; 

ELSE next_EVEN<='0'; 
END IF; 

IF (( RESET='l' AND (EVEN='l')) OR ( RESET='l' AND (INIT='l')) OR ( 
INBIT='0' AND (INIT='l')) OR ( RESET='l' AND (ODD='l'))) THEN 
next_INIT<='l'; 

ELSE next_INIT<='0'; 
END IF; 

IF (( RESET='0' AND INBIT='l' AND (EVEN='l ')) OR ( RESET='0' AND INBIT='l' 
AND (INIT='l')) OR ( RESET='0' AND INBIT='0' AND (ODD='l'))) THEN 

next_ ODD<='l '; 
ELSE next_ ODD<='0'; 
END IF; 

IF (( (ODD='l '))) THEN OUTBIT<='l '; _ 
ELSE OUTBIT<='0'; 
END IF; 

END PROCESS; 
END BEHAVIOR; 

·. Figure 3. VHDL code of the original problem 

- C:\FPGA PROJECTS\PARITY CHECKER REVISED\STAT M.vhd 
. -- VHDL code created by Xilinx's StateCAD 5.03 -
-- Tue Dec 09 23:17:14 2003 

- This VHDL code (for use with Xilinx XST) was generated using: 
-- one-hot state assignment with boolean code format. 
-- Minimization is enabled, implied else is enabled, 
-- and outputs are manually optimized. 

LIBRARY ieee; 
USE ieee.std_logic_l 164.all; 

ENTITY STAT_M IS 

3 
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PORT (CLK,INBIT,RESET: IN std_logic; 
· OUTBIT : OUT std_logic); 

END; 

ARCHITECTURE BEHAVIOR OF STAT M IS 
· State variables for machine sreg-

BEGIN 

SIGNAL EVEN, next EVEN, INIT, next INIT, ODD, next ODD, PREEVEN, 
next_pREEVEN, PREODD, next_PREODD : std_logic; 

PROCESS (CLK, RESET, next_EVEN, next_lNIT, next_ODD, next_pREEVEN, 
next_PREODD) 

BEGIN 
IF ( RESET=' l' ) THEN 

EVEN<='0'; 
INIT<= '1'; 
ODD<='0'; 
PREEVEN <= '0'; 

. PREODD <= '0'; 
ELSIF CLK='l' AND CLK'event THEN 

EVEN<= next_EVEN; 
INIT <= next_ INIT; 
ODD<= next_ ODD; 
PREEVEN <= next PREEVEN; 
PREODD <= next_PREODD; 

END IF; 
END PROCESS; 

PROCESS (EVEN,INBIT,INIT,ODD,PREEVEN,PREODD,RESET) 
BEGIN 

IF (( INBIT='0' AND RESET='0' AND (EVEN='l ')) OR ( RESET='0' AND INBIT='0' 
AND (PREEVEN=' 1 '))) THEN next_ EVEN<=' 1 '; 

ELSE next_ EVEN<='0'; 
END IF; 

IF (( RESET='l' AND (EVEN='l')) OR ( RESET='l' AND (INIT='l')) OR ( 
INBIT='0' AND {INIT='l')) OR ( RESET='l' AND (PREEVEN='l')) OR ( RESET='l' 

. AND (PREODD='l'))) THEN next_lNIT<='l'; 
ELSE next_INIT<='0'; 
END IF; 

IF (( RESET='l' AND (ODD='l')) OR ( INBIT='0' AND (ODD='l')) OR ( 
RESET='0' AND INBIT='0' AND (PREODD='l '))) THEN next_ ODD<='l '; 

ELSE next_ ODD<='0'; 
END IF; 

IF (( RESET='0' AND INBIT='l' AND (ODD='l')) OR(RESET='0' AND INBIT='l' 
AND (PREEVEN='l'))) THEN next_pREEVEN<='l'; 

ELSE next_pREEVEN<='0'; 
END IF; 

IF (( RESET='0' AND INBIT='l' AND (EVEN='l')) OR(RESET='0' AND INBIT='l' 
AND (INIT='l')) OR ( RESET='0' AND INBIT='l' AND (PREODD='l'))) THEN 

next_ PREODD<='l '; 
ELSE next_PREODD<='0'; 
END IF; 

IF (( (ODD='l'))) THEN OUTBIT<='l'; 
ELSE OUTBIT<='0'; . 
END IF; . 

END PROCESS; 
END BEHAVIOR; 

Figure 4. VHDL code of the modified design. 
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Figure 5. Timing diagram of the original design. 

Figure 6. Timing diagram of the modified design. 

The figure 6 depicts the timing diagram of the modified design. The performed modification of the state machine 
corrected the timing problem. 

CONCLUSION 
The purpose of this note was to discuss timing issue as related to a synchronization of various signals applied to 
FPGA board. In particular, input signal staying at the same level for more than one clock cycle caused undesirable 
state transitions in the original design. To elevate the evident timing problem the modifications to the original design 
were performed. Simulations and actual implementation shows that the modified circuit corrected the machine 
behavior and thus allowing for the design original specifications to be met (figures 6, 7). 

5 
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Programming Succeeded 

Figure 7. iMP ACT Downloading utility. 
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POLYGON SMOOTHING ALGORITHM 

Geary Layne, Na val Research Laboratory 
Marlin Gendron, Naval Research Laboratory 
Maura Lohrenz,, Naval Research Laboratory 

ABSTRACT 
The POS polyline smoothing algorithm was developed to reduce the needed storage and rendering complexity of 
polyline by the removal of vertices with two goals in mind. First was to define a single algorithm that would 
produce a "good enough" result. with varying characteristics, which are user defined. The concept of "good 
enough" is built on the trade off of time vs. precision, where the best result takes the longest time and the quickest 
maybe less than desirable form. The second goal was to incorporate surrounding data-into the set of control factors. · 
To accomplish this the concept of Points of Significance (POS) was developed. POS can be a group of individual 
points, or the point that represent more complex shapes or regions. The complete set of POS is divided into subsets 
by the polyline, and by maintaining these subsets the algorithm insures that the polyline maintains proper 
relationship the surrounding data. It is the use of POS that make this algorithm so powerful. The smoothing is 
complete after a maximum number of successive passes are made through the polyline, or no additional removal can 
be made without violating the control factors. 

INTRODUCTION 
In 2000, the authors designed and implemented a computer aided detection (CAD) algorithm that was capable of 
detecting bottom objects, or clutter, in sidescan imagery (SSI). A unique latitude and longitude (LAT/LON) 
position was recorded for each detected object. The authors then wrote a clustering algorithm, which is currently 
patent pending, that clusters all points of significance (POS) into bound geographic polygons. The area inside each 
polygon is computed and a clutter density determined (Figure 1 ). 

Figure 1 - Polygons produced by the NRL clustering algorithm 

The ordered vertices of the polygons are determined and passed to a geographical information system (GIS) 
application that renders them. The clustering algorithm, although a single pass method and computationally fast, 
unfortunately produces polygons with many sides. This means the GIS program has to draw many small line 
segments to ~ender the polygons, which impacts the overall processing time. Furthermore, when drawn, the 
polygons are not esthetically pleasing to the eye. To correct this problem, NRL designed, developed and 
implemented the polygon-smoothing algorithm described in this paper. Figure 2 shows how the algorithm might 
smooth the polygons from Figure 1. · 

7 
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Figure 2 - Polygons after NRL smoothing algorithm is applied 

The clustering algorithm is greatly improved by.the addition of the polygon-smoothing algorithm. This paper 
describes the polygon-smoothing algorithm in detail and gives examples. Currently, the authors are modifying the 
smoothing algorithm to make it more generic and powerful. The new algorithm, to be described in a future paper, 
will also be capable of smoothing non-bounding groups of line segments. 

BACKGROUND 
The CAD algorithm developed by NRL determines the LAT/LON positions of POSs, which in this case represent 
features on the bottom of the seafloor detected in SSL To determine the density of the objects on the seafloor, NRL 
developed a clustering algorithm. In general, clustering is the process of grouping like objects together. Clustering 
methods can be classified as either hierarchical or non-hierarchical, as summarized in Barnard (1996) and Downs 
(2001) . . For this specific application, the characteristic that defines the similarity of the objects is their geographical 
location (Figure 3). NRLs non-hierarchical clustering algorithm, in addition to clustering, bounds the objects into 
geographical polygons. 

The algorithm bounds the individual POSs and unions them into clusters. A special algorithm is then applied that 
traces the exterior of the cluster and determines the vertices, which define a polygon. This method, although 
extremely fast, produces polygons with a substantial number of sides. The overall goal of the project was to 
compute a density for these polygons and maintain the efficiency of the clustering process. NRL needed an 
algorithm that would smooth the polygons by reducing the number of sides while not decreasing their density. The 
algorithm also must not significantly impact the overall processing time. 

. ~ 

POLYGON-SMOOTHING ALGORITHM 
The clustering algorithm determines the POSs that fall within the clusters, and the tracing algorithm determines a 
clockwise ordered list of vertices. The list and the points are then passed to the smoothing algorithm. The 
smoothing algorithm traverses the list iteratively until one of the stopping conditions ( described below) is met. 
Upon completion, the algorithm returns a modified list of vertices and the area which will be equal too or less than 
the startirig area. 

During each iteration, or one complete traversal of the list; a decision to drop vertices is·made based on the current 
vertex. The current vertex and the following three vertices are considered independently of the rest. There are three 
step in the decision making process: 1) determine if the next vertex can be removed, 2) determine if the next two 
vertices can be removed, and 3) determine which of the available removal options is most desirable. 
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. L6~gitude (X) 

Figure 3 - Clustering 

Considered the following example noting that the interior of the polygon is below the polyline (Figure 4). 

Vl V2 

V3 VA 

'Polyline 

Figure 4 - Polyline Smoothing Example 

The first decision (the removal of vertex V2) is made if no POSs are in the interior of the triangle defined by VI, 
V2, and V3. Thus if the point, p 1, is an element of the POSs, the removal of V2 is not allowed because the resulting 
polygon would no longer contain ·au the POSs. If p 1 does not exist, the removal would be allowed. The second 
decision (to allow the removal ofV2 and V3 together) is based on the line connecting VI and V4. As a result of the 
line intersecting V2 and V3 at Tl, the decision is broken into two components. 

Since the triangle defined by VI, V2 and Tl could potential contain POSs, a check is required, however, no check is 
needed for the triangle Tl, V4, and V3 because its interior is always exterior to the polygon. · 

The third decision is based on the resulting ar~a of the polygon. The removal that results in the greatest reduction in 
area is selected. In Figure 4, the removal ofV2 alone would not be allowed because ofpl, however, the removal of 
V2 and V3 together would be allowed if the reduction in area by triangle VI, V2, and Tl and increase in area by 
triangle Tl, V4, and V3 results in a net decrease in the area of the polygon. 

Now considered the example polyline of Figure 5: 

V4 

. P:olyline 

Figure 5 - Non-Intersecting Line Segment 
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Similarly step 1 is to determine ifV2 can be removed. Since there are no point on the interior of the triangle Vl, 
V2, and V3 this"would be allowed. Since the line segment connecting Vl and V4 does not intersect the line segment 
connecting V2 and V3, step two (the decision to remove V2 and V3) can be reduced to the consideration of whether 
or not the triangle Vl, V3, and V4 contains any POSs. 

In this example, step three is straight forward since the triangle Vl, V2, and V3 does not contain a POS and the 
triangle Vl, V3, and V4 does. Because of this, V2 is removed. If, however1 there were not a point inside Vl, V3, 
and V 4, then both V2 and V3 would be removed. This option would reduce the area the most. 

Finally, a couple of special cases occur that are worthy of mention. IfVl, V2 and V3 are co-linear (top of Figure 6), 
V2 can be immediately removed. If the removal the V2 (bottom of Figure 6) is determined to be acceptable and Vl, 
V3, and V4 are co-linear, the removal ofV2 and V3 is automatic. 

Vl 
@ 

- Vl 

V2 

V2 
~ 

Figure 6 - Special Cases 

V3 
@ 

After performing the above three steps on any configuration and removing the most beneficial vertices, the next 
vertex in the list becomes the current vertex and the process continues. The smoothing ends (the stopping 
conditions) when 1) a predetermined number of iterations is made, 2) a complete iteration is made with no removals, 
or 3) the polygon is reduced to three vertices. 

GEOGRAPHIC BITMAPS 
Also, at this point, the concept of a geo.,spatial bitmap (GB) needs to be introduced because the smoothing algorithm 
relies heavily upon them for improved computational speed. Bitmaps are two-dimensional binary structures in 
which bits are turned on (set) or off(cleared) and the row and column of each bit gives it a unique position. This 
concept is extended to construct geo-spatial bitmaps (GB), where every bit represents a unique location in a 
coordinate system at a given resolution (Figure 8). Set bits denote that data exists ( each bit represents a specific 
coordinate). Although the GB is defined for the entire coordinate system at a given resolution, memory is only 
allocated dynamically when groups of spatially close bits are set. This makes the GB a fast and compact data 
structure (Gendron, et al., 1997). 

In addition, logical operations can be performed between GB 's of differing sizes and locations (Figure 8). All POSs 
are represented by a GB (light gray boundary of Figure 8 where memory is only allocated for regions outlined in 
red). Each triangle under consideration is represented by a small GB (blue area of Figure 8) where all bits 
representing the triangle are set. The logical ANDing between the POS GB and the triangle GB is driven by the 
typically smaller triangle GB, which results in a very efficient operation. If the resulting GB contains any set bits, it 
is immediately known that a POS lies in the interior of the triangle and thus the removed represented by this triangle 
is not allowed. 

10 
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Figure 7 - Geographic Bitmap. Figure 8 - Anding in GB Space 

CONCLUSION 
By using GBs and logical operations between them, the smoothing algorithm is fast and memory efficient. This is 
because geographical comparisons and Euclidian distance calculations are not used. The algorithm takes the 
complex problem of smoothing and breaks it down into manageable components. 

Though this algorithm was designed to smooth polygons, the process considers only segments of the polygon at a 
time. It is currently being adapted to function on arbitrary polylines and POSs. The term POS will be expanded and 
because the polylines no longer bound regions, new process that determines regions will be introduced in a future 
paper. 
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PROJECT MANAGEMENT ISSUES: 
DO WE HAVE THE RIGHT TOOLS TO DEAL WITH THEM? 

Alper Carm:;i and Timothy Kotnour 
University of Central Florida 

ABSTRACT 
The main goal for the project organizations is to produce series of successful projects (Kotnour, 1999). It is natural 
to assume that projects and projects organizations are complex systems. The purpose of this paper is to demonstrate 
what kind of characteristics project tools should have in order to address the project management issues. 

INTRODUCTION 
Project management has become a major management discipline for many organizations in different industries such 
as construction, aerospac.e and information technology during the second half of the 20th century (Morris, 1994). 
During this period many prominent human achievements like the development of the nuclear energy to the space 
exploration can be attributed to project management (Morris, 1994). With the increased complexity in technology 
and society it is natural to assume that projects are complex, non-linear endeavors and project organizations are 
complex systems where long-term forecasting is impossible (Bardyn and Fitzgerald, 1999). 

The main drivers for this research are the uncertainty and the complexity associated with the project management 
discipline and their effects on project management tools. Uncertainty is inevitable for most projects (DeMeyer et al., 
2002). Classical project management theory is based on planning, executing and controlling of a single project 
which cart be decomposed into discrete, independent tasks described by work breakdown structures (Koskela & 
Howell, 2002). 

PROJECT MANAGEMENT ISSUES 
A good indicator for the issues of project management domain is to address why projects fail or succeed. There is 
ample evidence in the literature that majority of projects fail or are unable to achieve the initial goals (Morris, 
1994, Johnson, 2001). Mo~is (1994) reports that in the early 1980s, out of 1449 projects he found data in public 
records, only 12 cost on or below the budget. He also added that he found similar results when he repeated the · 
exercise with over 3000 projects (Morris, 1994). According to a survey study of 120 major organizations in the 
UK by KPMG Ltd., 62 percent ofrespondents experienced a runaway project, which is described as a project that 
failed significantly to achieve its objectives and/or exceeded its original budget by at least 30% (Cole, 1995). 
Another well known study is the Standish Group's "Chaos Study" which reports that in 2000 only 28% of all IT 
application development projects have succeeded, while 23% failed (cancelled before completion or never 
implemented) and 49% challenged (completed but failed to achieve the project goals like cost, time or 
specifications) (Johnson, 2001). Johnson (2001) also provides the results of the previous studies conducted by the 
Standish Group. Table 1 out lines the results of these studies (Johnson, 2001). 

Tabl~ 1: Project (IT) outcomes according to the Standish Group's Chaos Studies (Johnson, 2001) 
1994 1996 1998 2000 

Succeeded 16% 27% 26% 28% 
Failed · 31% 40% 28% 23% 
Challen2ed 53% 33% 46% 49% 

The examples of project management failures are mentioned above are good indicators of how uncertain and 
complex project management environment is. According to De Meyer et al. (2000) uncertainty is an inevitable 
aspect of most projects but most projects managers have difficulty handling it and still projects end ~p with 
schedule overruns, budget overflows, compromised specifications or total failures, regardless of the project 
management tools available to them. After a study over five years, De Meyer et al. (2002) concludes that there are 
different types of uncertainty, each of which requires a different management approach. The types of uncertainty 
in project environment that most project managers fail to recognize are (De Meyer et al., 2002): 

• Variation: Cost, time and performance levels vary randomly, but in a predictable range. 
• Foreseen Uncertainty: A few known factors will infh1ence the project, but in unpredictable ways. 
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• Unforeseen Uncertainty: One or more major influence factors cannot be predicted. 
• Chaos: Unforeseen events completely invalidate the project's target, planning and approach. 

Baccarini (1996) proposes the definition for project complexity a~ 'consisting of many varied interrelated parts' 
and suggests that this definition can be operationalized in terms of differentiation, which is the number of varied 
elements and interdependency or connectivity which is the degree of interrelatedness between these elements. 
Baccarini (1996) also states that above mentioned definition can be applied .to any project dimension and 
organization and technology are the two types of project complexity most commonly referred in literature. 
Shenhar et al. (2001) classified projects into four categories according to technological complexity: 
1. Low-Tech Projects rely on existing, and. well-established technologies, such as construction, road building and 

"build to print" projects, where a contractor rebuilds an existing product. 
2. Medium-Tech Projects rest mainly on existing, base technologies but incorporate some new technology or 

feature. Examples include industrial projects of incremental innovation, as well as improvements and 
modifications of existing products. 

3. High-Tech Projects are defined as projects in which most of the technologies employed are new, but existent, 
having been developed prior to project initiation, such as developments of new computer families, or many 
defense developments. · 

4. Super High-Tech Projects are based primarily on new, not yet existent technologies, which must be developed 
during project execution. This type of project is relatively rare, and is usually carried out by only a few (and · 
probably large) organizations or government agencies. 

Traditionally, time, cost and performance have been the three main objectives of any project and they are usually 
represented in a triangular form (Figure 1) (Kerzner, 1989, Cleland, 1999). This triangular representation shows 
how a change in one of the objectives affect the other two or the tradeoffs between the objectives. According to In 
addition to these three main objectives, project management literature 

PERFORMANCE 

Figure 1: Time-Cost-Performance triangle 

Cleland (1999) states that project success means that the project has met its cost, schedule, and technical 
performance objectives and has been integrated into the customer's organization to contribute to the customer's 

· mission. Shenhar et al. (2001) identifies four major distinct success dimensions: (1) project efficiency, (2) impact 
on the customer, (3) direct business and organizational success, and (4) preparing for the future. Shenhar et al. 
(2001) _ links these fo:ur success dimensions to technological complexity (Table 2). 

Table 2. Project success dimensions vs. project type (Shenhar et aL, 2002). 
· Project type: level of technological uncertainty 

Success· dimension Low-tech Medium-tech High-tech Super high-tech 
Project efficiency 

Impact on customer 

Business success 

Critical Important 

Standard product Functional product 

Reasonable profit Added value 
Profit, return on 
investment 

Preparing for the future Almost none Market leader 
Gain additional 
capabilities 
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Overruns acceptable Overruns most likely 

Significantly Quantum leap in · 
improved capabilities .effectiveness 
High profits, market High, but may come 
share later 

New product 
new markets 

line, Leadership-core and 
future technologies 
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Most of the research conducted in the area of project management success factors is based on surveys of project 
management professionals. Following is common key success/failure factors and risks for project management 
emerging from the literature review (Pinto and Slevin, 1988, Meredith and Mantel, 1995, Belassi and Tukel, 1996, 
Wateridge, · 1998): · 
• Most .critical success factor mentioned in the literature is top management support. This indicates that most 

projects lack strategic dimension. 
• Similarly issues related to stakeholders ( customers, team members, etc.) and the flow ofcommunications 

between them. 
• Issues related to projects requirements and the dynamic nature of the project environment as well as the 

impact of new technology. 
• Wateridge, (1998) claims for failed projects, there is a strong emphasis by project managers for meeting 

timescales and budgets. But for successful projects the focus shifts on to the commercial success and quality 
constraints. 

PROJECT MANAGEMENT TOOLS 
Even though the project management discipline is relatively young, there is a plethora of management tools 
available. According to Kursted (1993) a management tool converts data to information to support decision-making, 
thus using this definition we can define a project management tool as a tool, which converts project data into 
information that managers in a project .can use to make decisions. 

Kurstedt (1993) classifies management tools into five groups: 
• Relationships and structures help link the element of work ( e.g. work breakdown structure). 
• Methods suggest solutions for the decision maker to consider ( e.g. expert system). 
• Guides and rules guide or direct the employee in doing work and management process ( e.g. policies and 

procedures). 
• Precedents tools help set up stability and consistency, (e.g., legends and stories, mission statements). 
• Data-to-to information chain that converts data to information, e.g., management information system. 

Milosevic (2003) defines project management tools as procedures and techniques by which a project management 
deliverable is produced. Fortune and.White (2002) complied a list of methods; methodologies, tools and techniques 
based on the prominent project management textbooks and surveyed their frequency of use in project management 
environment. 

Fortune and White (2002) determined the following: 

• Large portion of the respondents use in house methodologies (56 %) and the rest of group use publicly and 
commercially available project management methodologies. And 26 % of users of commercial project 
management methodologies have complaints on these tools. 

• Of the 236 ·respondents, 182 reported that they use project management software. Even though the survey 
did not implore the level of expertise and the depth of usage of the software tools, the usage of other tools 
gives hints on that matter. At the same time software tools are the most complained tools with 56 , 
responses. 

• The most popular tool is Gantt chart (152 respondents) followed by Work Breakdown Structure (75 
respondents) and Critical Path Method (70 respondents). Other tools are relatively less frequently used than 
these tools. 

• One interesting result is only 10% of the respondents (24) use Program Evaluation and Review Technique 
(PERT). 

• Cost benefit analysis with 88 respondents is the most popular decision making technique. And probability 
analysis (34 respondents) and life cycle cost analysis (25 respondents) are two leading risk assessment 
tools. And finally 10 % of the respondents use lessons learnt files as the leading computer database/index. 

The survey research conducted by White and Fortune (2002) and Thamhain (1999) provide implications for project 
management:. 

• Despite wide range of tools and techniques brought out by acac;lemicians and business consultants, project 
management professionals still use only the basic project management tools like Gantt charts and WBS. 
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Current tools cannot model the reai world situations adequately. · 
These tools and techniques are not adequate in dealing with increased complexity . 
Usage of these tools consumes time and project resources . 

NEW CHARACTERISTICS FOR PROJECT MANAGEMENT TOOLS 
The current project management discipline is based upon the scientific management theories-of Taylor, who was 
deeply influenced by the Newtonian science of 19th century (Wheatley, 1992). Taylor advocated the processes be 
divided into tasks. But there is a fundamental difference between production processes and project processes, in that 
projects are one time, unique endeavors where as production processes are continuous, and repetitive processes 
where statistical controls, learning and improvements are possible. 

Using the characteristics of the complexity paradigm, Camci and Kotnour (2003) proposes a new classification for 
project management tools. As shown in figure 2, this'new classification divides the project management tools into 
three classes, which are connected to each other. 

System Tools are used to define the project system, subsystems, super systems and the relationships between 
systems elements. These tools include system design and analysis methods that will show the feedback structures 
that affect the system, as well as the communication channels between the systems elements. According to non
linear dynamic systems principle, projects can be regarded as dynamic, open systems with non-linear relationships. 
Dynamic nature of the projects contradicts with the control theory of the project management. Control theory only 
takes the negative feedbacks into account and a system acts like a thermostat. But in dynamic systems, there are 
positive feedbacks as well as negative ones. Positive feedbacks with their amplifying effects can be dangerous for a 
system. To be aware of positive feedbacks, monitoring tools should be used. Being an open system, a project shares 
resources and information with other projects and systems, thus planning tools based on single projects cannot 
capture the true nature of the project environment. Another implication of nonlinear dynamic systems on the tools is 
the need for communication and continuous flow of information. And finally, nonlinear characteristics of a system 
make it impossible to predict the outcomes of the system using the inputs. 

Emergence (chaos) Tools are used by organizations to realize the emergent structures patterns. The primary 
emergence tool in a project organization would be a short-term plan-do-study-act cycle. This tool will help the 
project organization team detect the feedback structures before their effects become harmful. The first implication of . 
the chaos theory for project management tools is the importance of the initial conditions. According to the chaos 
theory even the slight changes in initial conditions can cause huge disruptions in the outcomes. Thus, the tools used 
for the initial phases of a project should help the project management to design the right initial conditions. Even 
though the chaos theory rejects the idea of long-term planning, short-term planning is possible due to the emergent 
nature of the chaotic environments. So, the planning tools should help the organizations to realize the emergent 
structures patterns. 

Learning and Adaptation Tools are used by organizations to increase their knowledge and ability to adapt to 
changing, uncertain environments. Assuming that, projects are complex adaptive systems, the project tools should 
increase the knowledge and the ability to adapt to changing, uncertain environments. Thus, project organizations 
should utilize knowledge management and organizational learning practices. 

EMERGENCE 
(CHAOS) 
TOOLS 

SYSTEM 
TOOLS 

LEARNING/ 
ADAPTATION 

TOOLS 

Figure 2. Proposed project management tool classification. 
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CONCLUSIONS 
The aim ofthis paper was to present the need for a new approach to the project management tool characteristics. 
These characteristics involve nonlinear dynamic systems and covers chaos theory and complex adaptive systems. 
This approach requires project organizations to take a systems approach and use new frameworks, processes, and 
tools in order to continuously adapt their environments. This initial framework needs to be further defined and 
operationalized. Following this further definition, specific tools can be researched and developed. The impact of 
different tools on the management process and. performance at each level can be understood. From this 
understanding, specific recommendations can be made to managers throughout the organization. 
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USING RAPID PROTOTYPES (RP) TO REDUCE THE TIME-TO-MARKET CYCLE AND TO 
IMPROVE SCHEDULE EFFICIENCY WITHIN THE CONSTRUCTION INDUSTRY 

James Folkestad, Colorado State University 
Gary Winek, Texas 'State University 

. INTRODUCTION 
The winners -in today's construction marketplace are those companies that can continually complete high value 
projects within budget, quality and within the shortest amount of time. In an effort to accomplish this, cross
functional design and construction teams are focusing their attention on customer satisfaction and more specifically 
concentrating efforts on improving the value as defined by the customer. 'fhis focus on customer-defined value 
requires teams to continuously communicate with project stakeholders. Stakeholders are involved in the value 
determination process early in the conceptualization stage as well as during subsequent definition and build stages. 
Communicating effectively with the appropriate stakeholders, about value, requires new tools and new approaches. 
One such communication tool that is assisting construction professionals in this process is rapid prototyping (RP). 

RP technology quickly produces models / prototypes and functional construction components from 3D computer
aided design (CAD) model data. RP systems use an additive process to build objects by joining liquids, powders, 
and sheet materials. By slicing the 3-dimensional (3D) CAD model horizontally, RP machines fabricate parts layer
by-layer. Initially, these processes gained widespread use in manufacturing industries where. quick and inexpensive 
prototypes were fabricated to test the fit, form and function of new products. Furthermore, large companies like 
Teledyne WaterPik, Boeing, and HACH utilize these models.to assist in defining product value. 

For example, executives at Teledyne WaterPik realized the importance of RP to the "value added" communication 
process. They purchased 3D _System's ThermoJet, a RP system that builds models using ink-jet technology. This 
RP process not only allowed them to quickly make 3D models of their product, but radically changed their design 
process. Concepts were quickly moved from sketch to physical models and were distributed for evaluation by key 
stakeholders. This allowed the customer to quickly visualize the design and determine if value, as perceived by 
them, was integrated into the product. If changes were required to the design, a new model was created (typically 
overnight) and redistributed for further critical review. This intense value-added review process was made possible . 

· due to the ability of the RP technology to literally make models overnight (Hanson, 1998). 

Today, in 1increasing numbers, RP parts are being fabricated for use in the construction industry. Prototypes are 
being used for form, fit and limited functional testing. If modifications are needed to the original design, changes 
can be made to the CAD model, and usually within twenty hours, a modified prototype can be built on th~ RP 
machine and ready for review. This saves weeks or months over conventional prototyping methods where skilled 
crafts people build the model in a prototyping shop. Efficient communication and time savings are important 
because most products have a life span of five to seven years before they become technologically obsolete (Steward, 
1991 ), and it is commonly known that the first companies to produce a product, often control seventy percent of the 
market share. Therefore, it is of great importance to reduce development time. This paper examines RP technology 
and bow it is bei_ng used as a communication tool within the construction industry and illustrates the potential for 
future use of this .technology. 

. THE DESIGN-BUILD (DB) PARADIGM (FAST TRACKING) 
As was mentioned above, a new customer centric approach has emerged and is being supported by a major paradigm 
shift. This new way of thinking has been at the foundation and growth of new processes such as design-build and 
fast tracking. Research has documented that the design build (DB) delivery method has seen large-scale growtl) 
throughout the United States over the past 10 years (Brouillard, 2003 & Molenaar, 2004, Ling, 2004). This process 
has grown significantly as an alternative delivery to the traditional design-bid-build process. The DB delivery 
method has grown due to increased marketplace competition and in response to criticism that the construction was 
not doing enough to improve quality and increase efficiency throughout the design-bid-build process. 

Furthermore, this growth signifies a paradigm shift by construction professionals who are streamlining and. 
improving quality within their operations. The DB delivery process emphasizes owner specifications and value. 
The value as defined by the owner is central to the process and the overall goal is to guarantee that the project fulfill 
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the "desired function." This paradigm shift is being witnessed throughout the construction industry as builders 
move from a relationship with their client that is adversarial to a relationship that goes beyond accommodating, but 
strives to be client centered. It can not be stressed enough that this shift in thinking is something that is being driven 
by the client ( client / marketplace demand) and is a dynamic that must be addressed by those firms that want to 
remain competitive. 

Brouillard (2003) found that the DB delivery approach has many advantages which included the following. 
• Time savings - reductions across the board 
• Single owner point of contact- client satisfaction 
• Early Firm Price - fixed price up front 
• Reduced mediation - between architect and contractor 

· • Owner input during design - client satisfaction 
• Cost savings - reduced completion time due to constructability reviews 

Furthemiore, in the DB delivery process, the customer should be involved in defining value at the concept phase, 
mid design stage, and finally at the final stage of design. Ideally the DB team should consist of a cross section of the 
overall project team, owners representatives, engineers and architect from various disciplines, civil, structural, 
mechanical, electrical and plumbing (MEP) and reps from the contractor team (Brouillary, 2003). 

The DB process and the subsequent paradigm shift that must be made by those involved, represent a significant 
change in the traditional ways of doing business. These changes require a reengineering of business process that 
focus on communication between all the stakeholders, a focus on the client, and furthermore require new tools that 
will allow these new interactions to be as effective and time efficient as possible. Working in this communication 
intensive arena, new and more efficient ways to communicate about value become critical. 

The manufacturing industry has used concurrent engineering teams, cross-functional teams that include clients, to 
improve their design / manufacture process. As they learned how to work in these teams they discovered new ways 
to communicate. Realizing the critical nature of clients' perceived value, to the overall success of a product 
development project, manufactures purchased RP machines to make concept models that were "handed around" the 
project team for critical evaluation: Often several designs were created and presented to the client for critical review 
and to help the client identify design attributes that they desired. Due to the rapid nature of the RP process multiple 
design iterations could be reviewed, updated and revisited early in the design / manufacture process. 

Furthermore, as they refined their design using this new communication process, they began to realize additional 
benefits. Traditionally, product designers (those responsible for design and engineering) and production engineers 
(the indiyiduals responsible for manufacturing the product) were at odds, not too dissimilar from 
architects/engineers and contractors. Product designers would often design a product with very little input from the 
production engineer. This would lead to products that were difficult or extremely expensive to manufacture. 
However, working in concurrent engineering teams, and communicating using rapid prototypes, production 
engineers began to add value by suggesting design ideas that ~liminated expensive manufacturing processes. RP 
became a very powerful communication tool that helped enable the concurrent engineering effort . 

. DEFINING RAPID PROTOTYPING (RP) FURTHER 
Charles Hull, is the person given credit for experimenting with and bring to production the first commercial RP 
machine in 1987. His concept was to use three dimensional (3D) CAD data and a RP machine to produce an object 
automatically. He accomplished this by first creating a 3D CAD model of the object to be produced. This data was 
then exported to the RP machine's computer as a .stl file. This file format has become the industry standard for 
rapid prototyping and is available option on most 3D software pack_ages (Wohlers, 2002). 

The .stl exported data is then prepared for prototyping by an application known as QuickSlice ( developed by 
Stratasys). Quickslice mathematically slices and orients the .stl model into horizontal layers for the build process. 
This program incorporates the Support Works program, also developed by Stratasys, that designs the necessary 
supports needed for building the part. The software is also capable of accurately scaling the designs so that multiple 
parts can be built simultaneously or within the confines of the production space of the machine. These programs 

. I 
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process the design on a workstation and also serve as the ·interface with the actual RP machine. The information 
from these programs is finally sent via LAN to the machine for production. 

Once the machine is activated, it calibrates itself automatically to account for any movement that has occurred since 
its last use. Once the design has been transferred, a thermoplastic is heated to just slightly above the materials 

. melting point and sent through a pressurized channel to a pump. Filaments of heated thermoplastic are extruded 
from a_ dual tip nozzle that moves in -the horizontal plane. Like a baker _decorating a cake, the head extrudes and 
deposits thin tracks of either modeling material, or support material onto the build platform to form the first layer. 
The platform is maintained at a lower temperature, so that the thermoplastic quickly hardens. After completion of 
the layer, the platform lowers, and the extrusion head deposits the next layer on top of the previous one. The 
process continues until the part achieves its full height. Supports are automatically generated by the pre-processing 
software and are deposited as required by the second head. The support material forms a weak bond to the modeling 
material which is easily detached during part cleanup. 

Figure 1. Fused Deposition Modeler (FDM) extrusion process. 

RAPID PROTOTYPING AT COLORADO STATE UNIVERSITY AND TEXAS STATE UNIVERSITY 
Both Colorado State University and Texas State University have purchased a Stratasys FDM rapid prototyping 
machine for research purposes. Both of these machines were purchased using research-grant funding with the 
intention of conducting studies that investigated the use FDM models within business processes. Several studies 
have already been conducted and additional investigations are being designed in consultation with the construction 
~~ . 

CONSTRUCTION PRODUCT CASE STUDY 
Faculty at Texas State University are developing a new product to position underground conduit in utility trenches. 
Conduit is used to protect buried communications or electrical wires from damage. The product being developed 
will hold the conduit in place until colored concrete is placed into the trench, covering the conduit. The concrete 
encasement makes it less likely that the conduit will be accidentally disturbed in the future. Currently, local 
contractors are builcJ,ing unique conduit separators in the field using lumber and metal bands. Therefore, the idea 
emerged to develop a ~ommercially produced conduit separator that could more effectively and cheaply be used to 
replac~ the field-fabricated assemblies. The first generation separator (illustration 1) was created using a 3-D, CAD 
program and was then built on our Stratasys RP machine. 

19 



Illustration I Conduit separator, uses four, two 
hole pieces plus one three hole diagonal. 
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Illustration II Modified generation I conduit 
separator, which uses five, three hole pieces, plus one 
three hole dia~onal. 
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The first generation separator contained two holes per part and four separato~s c?mponents that _were assemb!ed 
together to hold four· conduits. Using the four separator mo~el as a commumcatlon tool the design team, which 
included customers, engineers and field workers, quickly noticed two "added value" issues. First, the holes needed 
to be enlarged so the conduit pipe could easily be inserted and seco,nd a diagonal piece was required to add stability 
to the assembly. The diagonal also added a fifth position in which a pipe could be inserted. Using this information, 
the necessary modifications to the 3D solid model were quickly completed and the diagonal model was produced in 
18 hours by the RP machine. After the five-hole assembly was completed it was decided that a nine-hole assembly 
could also be easily made using the same diagonal piece from the five-hole assembly. · Thus a modified generation 

one, conduit separator, was created (Illustration II). 

After receiving input from field workers, it was noted that too much time was needed to assembly the original five 
or nine hole conduit separator. Thus was born the generation two conduit separator, which allowed five conduits to 
be "snapped" in place and banded together (Illustration III): The design incorporated significant improvements that 
included the fact that all five holes were located in one piece making the conduit separator significantly faster to 
assemble. Based on the rapid communication, and design feedback, the design is currently being improved in the 

. third generation. The third generation design will allow an infinite number of conduits to be laid on top of each 

other and banded together in an assembly: 

Illustration III. · Generation IL conduit separator. It is a o~e 
piece assembly, which holds five conduit in place. Note wires 
positioned in one of the conduits. 

The use of CAD and RP allowed the cross-functional design team to go from generation one to generation three in a 
span of just six weeks .. The RP models allow people to touch the actual product, which help them generate more 
useful ideas then would have been generated by looking at a two dimensional drawing on paper. If a traditional 
prototyping method would have been used, it is unlikely that we would have perfected generation one in the same 
six-week.timeframe. · · 

DESIGN BUILD (DB) CASE STUDY 
RP. models can act as a communication between the architect, contractor and client. These communications would 
be directed at increasing the constructability of the structure, improving overall understanding of the design 
requirements, and subsequently reducing delays in the field. As is mentioned above, customer defined value has 
become a central focus of progressive construction firms. In an effort to enable communication surrounding this 
"value" construction, firms are beginning to use RP models to rapidly produce three-dimensional models that can be 
han~ed to the client for r_eview. Figure 1 is a picture of a Stratasys FDM (Fused Deposition Model) prototype of an 
archit~ctural fai;ade. This_ RP model was produced in eight hours and presented to the client the next business day. 
The chent was able to review model and make "added value" changes. These changes were then incorporated into 
the model and an updated design was produced overnight and used for critical design review and further 
communication. 
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Architectural Model. 

CONCLUSIONS AND FUTURE USE OF RA_PID PROTOTYPES 
The competitive nature of the construction marketplace will require that operations streamline their design and build 
process. The focus is now shifting away from low bid to reducing the time-to-market cycle. This design-build or 
fast-track focus requires that teams of stakeholders work in unison to ensure that projects fulfill the "desired 
function" and that all stakeholder-defined value remains within the finished product. 

Completing quality projects and working in this new paradigm requires that individuals adopt new ways of 
communicating. RP mod~ls have proven to be an important communication tool within the manufacturing industry 
for enabling this type of communication and construction companies are beginning to utilize them to reach similar 
goals. 

As construction firms continue to use RP models they will invariable learn how to improve their use within the 
design and build development process. These powerful communication tools will continue to grow as firms look to 
· streamline operations. Future use may include the production of full-scale models and mockups of entire structures 
and systems. In addition, processes such as SLArmor (produced by DSM Somos ), a process that metal plates RP 
parts to achieve better mechanical properties, may allow RP parts to be used as functional building components. 
This would allow construction professionals to design a metal component on the jobsite and use it within two 
business days within their structure. 
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SUPPOSE THE CONSTRUCTION INDUSTRY TOOK PARTNERING SERIOUSLY?1 

T. Roger Manley and Wade H. Shaw 
Florida Institute o(Technology 

ABSTRACT 
This paper provides reflections of the authors after facilitating Partnering on the second phase of a large-scale 
construction project; the first phase of which was less than successful. Participants in the second phase included 
relevant decision makers of the prime and subcontractors, as well as representatives of a complex, hierarchical client 
system. 

BACKGROUND 
The roots of the Partnering can be traced back at least to the Organizational Development movement of the 1960's and 
the process· has been used in various forms for at least forty years. However, acceptance in the design and construction 
industry had been virtually nonexistent until the last decade. If we look back at the early 1990s we can see that the 
construction industries in the United States and the United Kingdom were experiencing hard times. As one industry 
observer describes that period, "Overbuilt markets, overheated economies, overextended developers and, indeed, 
simple greed and mismanagement, led to a significant decline in construction volume" (King, 1996, 1998). Under 
these conditions cost overruns, project delays, shoddy quality, claims and lawsuits became commonplace. One 
experienced Chartered Engineer (Thompson, 1999) recalls-the time in this manner: For the United Kingdom there was 
the equivalent to a "war" in the construction industry which during the late 1980s and early 1990s peaked in 
unpleasantness, leaving many in engineering to wonder whether it was really worth continuing, or to find another 
profession ... During this period when nearly always the lowest bid was accepted, particularly in the public sector, 
there were too many contractors seeking too little work. Ridiculously low priced bids were being submitted to win 
work, in the hope of recovering losses through claims. 

In the late 1980s the first broad application of partnering in the design and construction industries in the United States 
was introduced by the US Army Corps of Engineers. The approach proposed by the Corps of Engineers was to have 
representatives of the contractors and the client meet after the contract was awarded and discuss the nature of the 
project they would be working on and share their mutual expectations. Goals were then to be defined and issues of 
concern ·explored. Potential challenges they would face were openly discussed with a view toward identifying and 
sharing risks. The result of that effort was a partnering charter outlining mutually agreed upon goals and principles 
that was jointly signed by all participants. The project was not a legal document, but more in the order of an explicit 
social contract (Howlett, 2002.) In 1996 the United States Air Force, Army and Navy Tri-Service Committee joined 
forces to publish Partnering Guide for Environmental Missions of the Air Force, Army and Navy. The Associated 
General Contractors of America (AGC) have accepted and encouraged the use of Partnering, but resistance to it has 
come from owners who _tend to perceive Partnering as a mechanism that can be used by contractors to ignore the 
contract and rely on relationships to avoid contractual obligations. This tension has led to a focus on more specific 
contract provisions and the mutual waiver of consequential da~ages (Howlett, 2002.) 

Across the Atlantic Ocean in the UK, Partnering was experimented with in the North Sea oil and gas industries in the 
early 1990s as a possible means of achieving profitability from what otherwise would have been uneconomic oil fields 
(Skeggs, 1999). Also known ·as "alliancing," Partnering proved successful in achieving significant cost savings in 
platform construction and increasing the profits for the participating partners. In the 1993, the Thatcher government 
invited Sir Michael Latham to review the sorry state of the UK construction industry and determine how the nation 
might end "the culture of conflict and inefficiency that dogs Britain's biggest industry" (Tieman, 1994). The Latham 
Report, "Constructing the Team" was published in 1994 and in it he emphasized the necessity of building trust within 
the industry, of adopting the Partnering approach as the preferred mode of operating, and identified 13 principles that 
should be followed. The focus of the principle _was a mix of cultural and process orientation: 

In July 1998, Sir John Egan, Chairman of the Construction Task Force presented his report, "Rethinking 
Construction," which built upon and extended the findings of the earlier Latham study. In tJ:ie report Egan presented 

1 
We b~rrow the title from Edgar Schein's 1984 paper, "Suppose We Tobk Culture Seriously," which borrowed the 

phrase from Harold Leavitt' s 1975 paper, "Suppose We Took Groups Seriously." 

24 



Proceedings of the 2004 IEMS Conference 

the "5-4-7" model for changing the construction industry: five drivers for change; four project processes; and seven 
annual targets for improvement. · 

With the exception of Australia and Hong Kong, the development of Partnering outside of the US and UK has been 
less than breath-taking. It is interesting to reflect on possible reasons for its lack of acceptance in European countries 
such as France, Germany, Scandinavia and Holland. One possible reason offered is the lack of a concerted 
government and industry effort to reform the construction industry in t_hose countries. It seems significant that in the 
countries where Partnering has becomes established, this acceptance only after strong promotion of Partnering from 
influential industry and government bodies (Skeggs, 1999). We speculate later in the paper on a possible connection 
between acceptance of Partnering and ~ulture. 

Evidence of a growing acceptance of Partnering in the UK was provided fram more than 1000 attendees at Masons ' 
2001 Annual Construction Law Conference. Respondi_ng to a survey on Partnering, 79% percent confirmed that their 
organizations had already engaged in Partnering and 21 % said that Partnering made up 50% or more of their 
Companies' work. The greatest benefit they perceived from Partnering was a move away from the traditionally 
adversarial nature of the construction industry to more cooperative attitudes and work behavior on their projects. 

WHAT IS PARTNERING? 
Definitions 
In reviewing legal implications of Partnering, Haley (2001) observed that "Partnering" is one of those terms that 
means many things to many people. Therefore, as a concept it tends to mean different things to different people in 
different situations, at different times. However, a-consensus seems to exist that there are two broad categories of 
Partnering. First, there is strategic partnering, where parties forge an ongoing, long term business arrangement. 
Second, there is a more limited form of partnering that seems to encompass the Partnering process that is the subject ol 
this paper. This is a more limited or "project specific" arrangement. 

Ronco and Ronco ( 1996) describe Partnering as a formal process designed to improve communications, and build a 
culture of teamwork, cooperation and good faith performance among the people and organizations working on a 
design and construction project. It is not a legal, but a management scheme. Partnering is described as a "process" 
because it requires action, not just words. By agreeing upon processes to adopt, participants have at their disposal a 
methodology that has been proven to create positive change and, as one study asserts, 26 % of those who used 

· Partnering experienced improved cost control and profitability gains. 

The US Army Corps of Engineers (USACE) defines Partnering as ... the creation of an owner-contractor relationship 
that promotes the achievement of mutually beneficial goals. It involves an agreement in principle to share the risks 
involved in completing the project, and to establish and promote a nurturing partnership environment (2004 ). As do 
other US organizations which provide definitions of Partnering, the Corps of Engineers provides an addendum to the 
definition dealing with legal nuance. [Partnering] is not a contractual agreement, however, nor does it create any 
legally enforceable rights or duties. Rather, partnering ·seeks to create a new cooperative attitude in completing 
government contracts. To create this attitude, each party must understand the goals, objectives, and needs of the 
other-their win situation-and seek ways that these objectives can develop. 

The Associated General Contractors of America (AGC) offers the following definition of Partnering. 
The partnering con<;ept is a new way of doing business-some have always conducted themselves in this manner. It is 
go~ng back to the way people used to do business when a person's work was their bond and people accepted 
responsibility. Partnering is not a contract, but a recognition that every contract includes a covenant of good faith 
(2004). . 

The Construction Industry Institute (CII) defines Partnering as follows (2004). 
"A (long term) commitment between two organizations for the purpose of achieving specific business objectives by 
maximizing the effectiveness of each participant's resources. This requires changing traditional relationships to a 
shared culture [emphasis mine] without regard to organizational boundaries. The relationship is based on trust, 
dedication to common goals, and an understanding of each other's individual expectations and values. Expected 
benefits include improved efficiency and cost effectiveness, increased opportunity for innovation, and the continuous 
improvement of quality products and services. 
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The perspective of the design professionals is offered by the American Council of Engineering Companies (ACEC) 
and the American Institute of Architects (AIA) in the following description (2004). 
Partnering is a cooperative relationship between the providers and recipients of a product or a service in which a 
"team attitude" is established and a successful outcome achieved. The bond between provider and recipient of 
services has strong roots in the design profession and has been common practice until liability and litigation soured 
many su~h relationships and replaced them with distrust and an adversarial environment. 

Note that the ACEC/ AIA view is remarkably similar to that expressed by Sir Michael Latham ("Constructing the 
Team"), and that CII describes Partnering in the context of long-term relationships or strategic alliances supported in 
Sir John Egan's" "Rethinking Construction" report. 

Miami University (2004) traces the roots of Partnering and describes "The Foundation of Partnering" in terms very 
r similar to CII. · 

The Partnering relationship is based on trust, open communication, dedication to common goals, and an 
understanding of each other's expectations and values. Expected benefits include improved efficiency and cost 
effectiveness, increased opportunity for innovation in problem solving, .and the continuous improvement of quality 
services for all users, citizens and parties affected by this project. 

Partnering as a Culture 
In reviewing the literature describing the introduction and evolution of Partnering in the design and construction 
industries we encountered numerous references to Partnering as a culture, or as a movement possessing elements that 
sounded very much like components parts of culture. Our own first formal exposure to ·Partnering was in facilitating a 
Total Quality Management (TQM) initiative in the mid- l 990s (Manley et al., 1995). In that particular case the client 

of (a DOD agency) was "teaming" with a major aerospace company and the principals were interested in understanding 
how the respective organizational cultures and shared values compared/differed. That assignment as well as earlier 
research ( 1994) performed on technology transfer for the Semiconductor Research Corporation intrigued us with the 
potential of the construct of organizational culture in adding understanding to the challenges associated with changing 
behavior within organizations. Our experience also made us very aware of the broad range of definitions of culture. 
For a significant number of practitioners culture was a synonym for management style or organizational climate, for 
others it refers to systems of meanings, behavioral regularities or shared values and beliefs. 

In our view we look upon Ed Schein as the "gold standard" °for definfog culture. In 1983 he provided the following 
oft-cited definition. 

CULTURE IS THE PATTERN OF BASIC ASSUMPTIONS THAT A GIVEN GROUP HAS INVENTED, DISCOV
ERED, OR DEVELOPED IN LEARNING TO COPE WITH ITS PROBLEMS OF EXTERNAL ADAPTATION AND 
INTERNAL INTEGRATION, THAT HAS WORKED WELL ENOUGH TO BE CONSIDERED VALID, AND THERE
FORE, TO BE TAUGHT TO NEW MEMBERS AS THE CORRECT WAY TO PERCEIVE, THINK, AND FEEL IN 
RELATION TO THOSE PROBLEMS. 

If one reads that definition and reflects upon Partnering and the history of the design and construction industries from , 
the late 1980s to the present time, it is not too great a stretch to consider Partnering in the context of a "culture." 

Common Mistakes Associated with Culture 
Returning to the title of this paper and Schein's (1984) article, it might be productive to review some common 
mistakes associat~d with culture. 

1. Too Limited a View of What Culture Covers. Not all groups have cultures. It takes a fairly stable group with 
a significant history to develop a capacity for social/team learning. A group's history has to be long enough 
and rich enough for a culture to form so that norms develop to cover significant aspects of the groups . 
functioning. As Egan pointed out, this argues against by-passing proven and trusted associates to award 
contracts to the lowest bidders. 

2. Simplistic Views of Cultural Dynamics. If culture is team learning and based upon positive reinforcement 
and the avoidance of pain and anxiety, we must take into account what we know apout extinction and 
relearning. Culture not only solves problems of survival ( adaptation), it solves the challenges of living 

· together in harmony and engaging in generative (double-loop) learning. 
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3. The Perils of Trying to Introduce Change Within a Culture. _If an organization (or an industry) has developed 
a culture, to attempt to introduce meaningful change is to unleash "massive anxieties" merely by proposing 

· such change. The uncertainty associated with who. has what power and on what basis power will be allocated 
is more unnerving than the loss of power that some will experience. What has to be appreciated is that 
culture change involves giving up for some indeten'ninate period of time "the comfort of predictability," the 
absence of which everyone would prefer to avoid. 

4. Overgeneralizations About the Functions of Culture. Many s~em to suggest that groups need a "strong" 
culture to be truly effective. However, there is a significant amount of research which indicates that there are 
a number of mitigating variables regarding the strength of a culture, e.g., stages in the life cycle of the group, 
adaptiveness, and strategic appropriateness. Although frequently viewed as an asset, a strongly established 
culture can be an impediment to growth or adaptation in a changing environment by rationalizing and· 
justifying the "we have always done it this way" argument against-innovati_on and generative thinking. 

5. Ethnocentrism and Culture. What can we say about the culture of Partnering? What strikes us is the degree 
to which Partnering reflects the culture and values of America and the United Kingdom. Partnering can be 
seen as based upon "proactive optimism" ( we assume that anything is possible and that all things can be 
improved and that all derive from individual effort) and "egalitarian individualism" (the individual is the 
ultimately important unit of society, and that everyone has an opportunity to make a meaningful contribution. 
As Schein (1981) has noted, "Team building would not be such a common intervention ifwe did not have to 
overcome the inherent individualism that we assume in most organizations;'' 
The Basic Assumptions (values and beliefs) associated with Partnering (Miami U, 2004) include: 

• Cooperation is more productive than confrontation 
• Real trust is essential at organizational and individual levels 
• Top management must set examples by their actions as well as words 
• The benefits to all participants far out-weigh the costs if done correctly 
• Partnerships do better when the participants allow themselves and others to be human 
• Success requires hard work, it doesn't happen automatically or easily 
• A shared struggle that leads to a successful outcome creates the strongest Partnership 
• . Old attitudes will probably have to change for the Partnering to work 
• It is not a sign of weakness to ask for help from a Partnering teammate, in fact it may be a sign of 

strength 
• Understanding the differences in people and their various backgrounds leads to more effective 

Partnering than ignoring·or being ignorant of those differences. 

Partnering as a Culture: A Model 
Figure 1 presents the major elements in our model of Partnering as a culture. This is a slightly modified version of thal 
proposed by Rousseau (1990). Organized from the observable and readily accessible outer ring to the highly 
subjective and difficult to assess inner core, it includes the following: 

1. Artifacts. The most superficial and easily observed elements of a culture, these include logos, architecture, 
workplace design, socialization practices, and o_ther externally observable elements which provide clues aboul 
the less accessible inner elements. · ~ 

2. Patterns of Behavior. At this level are patterns of routinized activities such as non-crisis decision making, 
coordination and communication. 

· -3. Behavioral Norms. These are the behavioral blueprints for organization members regarding acceptable and 
unacceptable ·behavior. If we define ethics as the "continuing reflection on the moral adequacy of action by 
which individuals and organizations relate norms and behavior to values and beliefs, it is at this level that 
ethics surfaces as a component of culture. 

4. Values and Beliefs. · Values provide a sense of what should be. Once internalized they become standards for 
developing attitudes, guiding behavior, and morally judging one's own and others' actions (Rokeach, 1968). 
Beliefs are consciously held thoughts about truth and reality. Since beliefs determine what is true and values 
determine what is important, it is at this level that we make sense out ofwhat happens at the outer levels. 

5. Basic Assumptions. These are totally internalized fundamental values and beliefs that have been validated by 
past experience and have become so completely accepted and deeply ingrained that they have entered 
organization members' preconscious and actually determine how members perceive, think and feel "(Schein, 
1984). . 
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One strong appeal for us of the model presented in Figure 1 is that it places emphasis on the notion of the thought 
expressed by Kottter and Heskett (1992) when they advised that ifwe ever want to observe, first hand, the power of 
culture, all we have to· do is try to implement a new strategy, program or process which is incompatible with the 
culture's central beliefs and core values. It also underscores the hit-or-miss nature of introducing changes to strategy, 
systems, or processes without achieving some understanding and considering the "inner rings" of culture. 

Figure 1. Partnering as a Culture 

OUR APPROACH TO PARTNERING 
Assumptions and Expectations 
Although many speak of Partnering as a culture, operationally, it is conceived and implemented as a process or a 
cluster of processes. · Even without apparent consideration of culture, reports of Partnering initiatives tend to be 
positive, probably if for no other reason than Partnering facilitates good management practices. It results in improved 
alignment, communication and commitment to the overall project outcomes. It does this by eliminating or 
significantly reducing root causes of conflict that are so corrosive to relationships, trust, and overall project success. 
Needless to say, the reduction of costly litigation that has also been attributed to the process is also a highly valued 
outcome. 

We have designed our approach to Partnering to be compatible with culture as described in Figure 1. Realizing that a 
group must have a history before a culture can develop, we attempt to facilitate development of the social contract on 
which project teams are formed by making initial phases more explicit. Although this not the case for the project 
described in this paper, our preferred approach is to conduct a minimum of three meetings that would be attended by 
decision makers who represent all stakeholder groups. The first meeting would be a pre-design kick-off meeting; the 
second at the start of construction, and the third about halfway through the construction phase. During the periods 
between meetings we would facilitate an electronic dialog among stakeholders and, depending upon the degree of 
participation by partners, maintain and update a project risk map that we develop and maintain from their inputs. 
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However, since this project was already well underway and only one meeting ~oul~ be facilitated, this effort 
represented a one-of-a-kind abbreviated version in which we .attempted to: (1) 1dent1fy group norms ~at all partners 
agreed to and signed; (2) develop communication procedures in suffici~nt ~eta~l to make th~m effective; (3) develop 
conflict management proceduresthat would facilitate partners commurucatmg m collaborative ways; and (4) develop a 

rudimep.tary project risk map. · 

Although this was to be our first formal co~struction Partnering project, collectively we had more than 30 years 
experience researching and working with government and multi-firm projects in the design and construct_ion, 
aerospace and defense industries. We knew that, when every participant commits to the process, Partnenng works. 
Therefore, we look upon each consulting assignment as a learning experience for ourselves and the clients. A "cookie 
cutler" approach does not work. Each situation is unique and presents its own set_ 9-f challenges. The!efore, we enter 
into each assignment with certain assumptions and a specifi~ set of expectations. 

Group Norms _ 
Every group develops its own customs, habits and expectations for how things will be done. These expectations and 
patterns of behavior are referred to as "group norms." Group norms: 

1. are usually unspoken and unexamined and simply evolve as a group is and_ does; 
2. determine what is and what is not acceptable behavior; · 
3. influence the way team members communicate with each other; 
4. are not good or bad-they are effective-or ineffective-and either help or hinder a group in achieving its 

goals; · 
5. "developing norms" is quite different from "imposing norms" on the group; 
6. early experience matters the most in establishing patterns of behavior ("law of primacy") 
7. members tend to carry over.behaviors adopted from past groups-which can be helpful or problematic; 
8. a team can intentionally set norms that every member can endorse 
9. social norms govern interpersonal relationships of members; 
10. procedural norms outline .how the group will operate; 
11. task norms prescribe how a job will be handled; and 
12. developing norms does not mean regulating every aspect of group interaction; rather it is an opportunity for 

the group to express its values and to develop a shared vision that defines success for all parties. 

Communication 
Partnering clarifies and-manages the communication ofa project. Communication is the life-blood of a project and is 
at the core of Partnering. The following observations have been made about the role of communication in Partnering. 

1. The focus is on communications among project team members, not on their technical skills or professional 
expertise. 

2. Communication is inclusive. It brings together all the key players in an effort to bridge the gaps inherent in 
the way the design and construction industry divides the work. 

3. Communication is public. It brings people into the same room at the same time, rather than following a serial 
path through people at many different locations. 

4. Communication is proactive. It takes an active stance in managing many of the predictable barriers to 
communication and conflicts that tend to arise in the design and construction industry. · 

.5. Communication is cooperative. The emphasis is on working together in a win-win environment. Success is 
achieved when all members feel that they and their organizations have won. 

6. Partnering uncovers problems and provides structure to address them. 
7. Partnering includes alternative dispute resolution (ADR), but only as one of a number of strategies aimed at 

improving communication. 

Conflict Management 
Conflict management involves partners purposively anticipating ways in which disputes are likely to occur on the 
project and carefully designing thoughtful strategies to handle conflict when it does arise. Goals and communications 
procedures normally determine the constraints within which conflict management must work. 

Conflict resolution procedures should be crafted in a way which recognizes the importance of strategic thinking and 
the tendency to assign the "important" a lower priority than the short-term "urgent". Empowerment is also an 
important consideration in conflict management. It is absolutely essential that chains of command and decision 
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making authority be clarified and decision making authority placed as low as possible in the organization. When 
partners have a disagreement or take issue, they should quickly and directly go to the person with whom they have 
difficulty and attempt to resolve the problem without escalating it. . The emphasis has to be on solving problems, not 
placing blame. 

Risk Management 
In our approach to the Partnering process we advocate a proactive approach rather than reactive practices such as 
setting aside a set percentage of revenues in a contingency fund to account for "those things that always go wrong." 
We believe that anticipating and managing the risks associated with a project are key aspects of Partnering. In normal 
practice the subject is introduced during the first (pre-design) workshop meeting and participants are encouraged to 
draw upon their past experiences and technical expertise to pool their perceptions of project-related risks and the 
relative importance of those risks to project goals. At this meeting we presented and discussed the following 

· component parts of a risk management process: 
1. Risk Identification - determining which risks are likely to affect the project and documenting the 

characteristics of each element of risk; 
2. Risk Quantification - evaluating risks and risk interactions to assess the range of possible project outcomes; 
3. Risk Response Development- defining enhancement steps for opportunities and responses to risks; and 
4. Risk Response Control- structuring a process that will respond to changes in risk over the course of the 

project. 

We initiated a dialog that addressed Risk Identification and Risk Quantification and solicited three facets of 
information: (1) identification of the risk factor; (2) its likelihood of occurrence; and (3) its consequence(s). 

The data collected were then analyzed and summarized and used to construct a risk map that graphically depicted the 
range of risks faced by the project stakeholders. The risk map is useful in focusing attention on those risks that must 
receive higher priority and be managed more carefully than others. Stakeholder roles were then clarified with respect 
to assessing risk and communicating that risk to other stakeholders. At this point conflict resolution strategies were 
linked to the Risk Response process to mitigate the impact of unexpected events later during the project lifecycle. 

Although we normally discuss risks in terms of events that might have a negative affect on a project, it can be helpful 
to extend consideration to events that might have very positive consequences on the project. Should such an event 
occur, it could be very beneficial to manage the risk, to improve its chances of becoming a reality. Since we were 
limited to one day ofactivity, this part of the effort was significantly shortened; however, we were able to introduce 
the cQncept of risk management to the project partners and help them develop a rudimeritary project risk map. 

Single Meeting Agenda 
The following is the agenda followed for the meeting. 

1. Introduction - an Overview/Explanation of the Partnering Process and Structure; 
2. Icebreaker - us·e of a Personal Style Inventory (PSI) to help participants begin to understand each other; 
3. Norms and Goals Statements -had the participants reflectupon and respond real time to the facilitators' 

_questions related to project norms and goals; and processed these data during the meeting. Our objective was 
to develop project norms and goals statements, which were signed by partner participants. 

4. Communication Procedures - provided communication infrastructure through which goals could be realized 
and attained. In this phase each participant was asked to suggest one or two specific procedures that would 
help in achieving the goals established in the goals statement. The outcome of these activities was a set of 
specific processes and activities that everyone of the partners agreed to follow. As with the norms and goals 
statements, partners signed the final communications procedures document in the workshop. 

5. Conflict Management Procedures - required that participants anticipate ways in which conflict is likely to 
occur on the project and designed in a thoughtful, purposive way, strategies to handle conflict when it does 
arise. Conflict resolution procedures were developed from the group's work in analyzing problems the 
project will likely encounter, and designing strategies for resolving them. 

6. Risk Management Procedures - provided an overview of risk identification and helped the partners develop 
an initial project risk map. 
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Deliverables . 
Four types of written documents were developed from interactions between the consultants and project stakeholders 
and delivered to the Partners. · · 

1. Norms and Goals Statements 
2. Communications Procedures 
3. Conflict Management Procedures 
4. Initial Project Risk Map · 

Proposed Follow-on Partnering Meeting 
Upon completion of the meeting, the co~ultants were requested to develop a follow-up mid-construction partnering 
meeting. The agenda developed for the meeting was: · · 

1. Role Clarification and Conflict Resolution - stakeholder roles would be clarified with Tespect to assessing 
risk and communicating that risk to other stakeholders; conflict resolution strategies would be linked to the 
Risk Response process; 

2. Communication Procedures- review of the adequacy and use of Project communication procedures and their 
congruence with the Project norms and goals statements. 

3. Targets of Opportunity - review of and discussion about information provided by project stakeholders since 
the last meeting concerning candidate issues deserving increased management attention, and positioning of 
these issues on the project risk map; 

4. Review of Risk Map- in light of information received since the last meeting review project risk map and 
make appropriate modifications, clarifying roles with respect to assessing risk and communicating that risk to 
other stakeholders; clearly identifying issues requiring management attention and action; and 

5. Review ofNorms and Goals Statements- reflection on the project culture that has developed and the 
compatibility of current patterns of behavior with the vision, norms and goals statements. 

WHAT ACTUALLY HAPPENED 
Reaction to the first meeting was uniformly positive. Participants praised what had been accomplished and offered 
comments on how favorably the session compared with previous Partnering experiences in which they had 
participated. The general contractor, who had previously worked with the consultants and had engaged their services 
because he had been very dissatisfied with the Partnering experience in Phase I, covered the entire costs of their travel 
and fees with funds from his contingency budget. He expressed his satisfaction with their performance and requested · 
that they develop agenda for two follow-sessions, contingent upon his obtaining funding support for the costs from the 
other Partner orga:nizations. A representative of the client called during the following week to assure that the 
consultants would be willing to continue to work with project team and stated that he would provide dates for 
subsequent sessions. He was not heard from again. Conversations with the general contractor indicated that there was 
an unwillingness to participate in paying for the expenses associated with Partnering. 

CONCLUDING THOUGHTS 
Partnering provides a powerful model for virtually any organization. At the present time we are applying it in our 

· work with a law firm and a government agency dealing with technology transfer. In addition, we are using it at our 
university to improve the effectiveness of our classroom teams (Cox and Bobrowski, 2000). The fact is that after 
much .talk and pl~ng, strong support from the general contractor and very positive feedback from our first 
Partnering session, the decision was made not to continue with Partnering. This chain of events prompted a half 
dozen inquiries with long-time acquaintances about their thoughts concerning Partnering. Although various opinions 
wen~ expressed ( o·verall: four positive and two skeptical), the following overall themes were perceived. · 

1. We tried that 20 years ago and it was a waste of time. (CEO of medium-sized A-E company) 
2. That sounds nice, but impractical and hardly essential. (experienced executive and civil engineer.) 
3. We live in a litigious society, you can't let your guard down. (A-E company president) 
4. You academics live in la-la land, it's a jungle out there. · (senior architect) 
5. The customer doesn't give a damn about how good a job you did last tim(}-all that matters is whether or 

not you are the low bidder. (former CEO of a successful A-E company) 

Reflecting on these comments and our· consideration of the nature and technology of Partnering, we are inclines to 
conclude that the construction industry is not yet ready to take Partnering seriously. Perhaps the industry's reluctance 
to more eagerly embrace Partnering is-to paraphrase former President George H. Bush-because of the "culture 
thing." That may be, and if it is, then it is time for a culture change. There is ample evidence that the Federal 
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government, as a client, is getting on board; however, advocates of Partnering within the government culture face a 
major challenge in attempting to change the mental maps of those within their ranks. It strikes us that individuals 
within the private sector construction industry are watching and waiting to see if the government is genuine in its 
endorsement of Partnering, or if this just one more in a long line of fads that will enjoy its "fifteen minutes" and then 
fade away; For some ofus who study organizations, their processes and the behavior of people within them, our view 
of partnering is in the context organizational learning theory. Partnering provides a stru~ture _that facilitate and 
enhances learning with in the organization context. If we recall that organizational learning is defined as "a system of 
principles, activities, processes and structures that enable an organization to realize the potential inherent in the 
knowledge and experience of its human capital," (Shani & Lau, 2000) we can more accurately assess the contribution 
Partnering can make to organizational effectiveness. DeGeus (1988) put it well when he said, "The ability to learn 
faster than your competitors may be the only sustainable competitive advantage." It may well come down the question 
of how much pain the industry is willing to endure before Partnering is accepted, or perhaps losing business to or 
being taken over by firms from the UK will provide the impetus needed. 
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USING EXPERT PANELS TO Ev ALUATE NEW TECHNOLOGIES 
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Florida A & M University 

ABSTRACT 
In this paper, we review alternative strategies available to evaluate the commercial potential of new technologies. 
We examine the role of expert panels and illustrate the usefulness of this approach through a case study describing 
the application of an expert panel in a technology commercialization study of a new biomedical technology. 

INTRODUCTION 
The challenge of evaluating new technologies is encountered by Technology Managers in private-sector and public
sector companies in both developed and developing countries. International industrial development agencies such as 
United Nations Industrial Development Organization (UNIDO) [1] and the Organization for Economic Co-operation 
and Development (OECD) [2] are excellent repositories of industrial profiles of proven technologies. These 
facilitate the development of industrial feasibility studies and business plans required to launch commercial ventures · 
incorporating the various technologies. The literature contains several metrics for evaluating technologies [3] and 
planning new business ventures [4], and software such as TOP index [5] developed by the National Technology 
Transfer Center (NTTC) is available to assist Technology Managers in assessing the commercial viability of a 
technology. However, although extensive information is available on new technologies from the United States 
Patent and Trademark Office (USPTO) [6] and the equivalent patent information centers in Europe (European Patent 
Office) [7] and Japan (Japanese Patent Office) [8], few guidelines exist for conducting commercialization studies of 
these new unproven technologies. 

Expert panels can serve as a practical and robust approach to evaluating new technologies. They have been used to 
evaluate, validate, and recommend actions on issues of importance in business, engineering, healthcare, law, 
science, education, government, and politics. Expert panels are particularly useful when historical data are limited, 
future events are likely to invalidate the results of historical analysis, or ethical and moral factors significantly 

. impact the decision. These circumstances are often encountered when µew technologies are being deployed. 
Breakthrough technologies can alter the state of many industries, our lives, and the world we live in. In the 
technology commercialization process, expert panels can·be used to elicit unbiased evaluations from domain 
experts, develop prototypes or conduct experiments with new technologies. 

In this paper, we review alternative strategies available to evaluate the commercial potential of new technologies. 
We examine the role of expert panels and illustrate the usefulness of this approach through a case study describing 
the application of ari expert panel in a technology commercialization study of a new biomedical technology. 

STRATEGIES FOR EVALUATING NEW TECHNOLOGIES 

Overview 
Several strategies have been a4opted to facilitate the evaluation of new technologies. These include Software 
Programs, Surveys/Studies, Prototyping/Experimentation, Task Forces/Special Committees, The Delphi Process, 
and Expert Panels. These are discussed in the following sections. 

Alternative Evaluation Strategies 

Software Programs 
Simulation testing, forecasting, and technology mapping are all computer based techniques for •evaluating the 
commercialization opportunities of new technologies. Software programs, such as TechMonitoring™ [9] and 
Explorer™ [10], as well as and the TOP Index [11], enable many public and private sector organizations to receive 
global, objective, and real-world analysis; identify new business opportunities, validate internal knowledge and 
communicate ideas; improve technology portfolio decisions; and provide a bridge between technical and business 
domains: Specifically, software programs help evaluate technology capab'ility through assessment of commercial 
development parameters (i.e. demand factors, competing technologies, requires resources, regulatory factors & 
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general constraints, and synergistic technologies), technology growth potential, and implications of 
· commercialization over time. 

Surveys/Studies · . 
Surveys and case studies have ·been used to develop valuable quantitative and qualitative information. In evaluating 
new.technologies, this kind of informati~n may be used to demonstrate the feasibili~ of_implementing the 
technologies and can help to establish a commercialization model (with the use ofhistoncal data). For ex~mple, the 
Interstate Techno_logy and Regulatory Cooperative (ITRC) Working Group of the O:lobal Network of~nvironment 
and Technology uses state case studies to detail innovative approaches for overcoming regulatory barners [12). 

Prototyping/Experimentation .. · 
In the technology commercialization process it is often constructive to consult with experts in relevant fields in order 
to develop prototypes or conduct experiments with new technologies. Prototyping tools in conjunction with other 
evaluation tools can help assess the application value and business potential of a new technology. Prototypes are 
developed through several tests which examine the merit and risks of technologies at their research and development 

. stage. Successful radical innovation practitioners engage in ongoing experiments that test, refute, modify, and 
validate potential breakthrough concepts. Properly conducted experiments can uncover hidden value and insight and 
provide learning that guides the radical innovation process by defining the right questions· as well as the best 
answers. Many public and private institutions use this method of evaluation. · 

Task Forces and Special Committees _ 
Task forces and special committees ( e.g. advisory committees, review committees, stakeholder review boards, 
decision and policy bodies, etc.) are special groups ofrepresentatives appointed to the position by agency or 
organization official and executives, with the function of recommending and advising on critical issues. There is 
usually a time limit for reaching a conclusion and resolving a difficult issue. People in these groups are usually 
considered "experts". Though task forces and special committees can work on the same issues, each plays a 
different role in the decision-making process. The major characteristics of task force and special committee 
assignments are as fo_llows [13]: 

• a difficult issue or problem/high-profile issue that has generated significant public or media attention and 
community polarization, 

• clearly defined mission statement, 
• non-participatory role by sponsor, 
• wide range of opinions to assist in exploration of issues, 
• open discussion, 
• a broad cross-section of interests (desirable) 
• a neutral facilitator or leader to encourage participation and feedback 
• significant resources requirement (i.e. technically· and interpersonal experienced facilitators, specialized 

consultants, policy support within agency, etc.) 

!he output of task forces and special committees is primarily effective when the sponsoring agency can seriously 
. commit to incorporating the group's decision into ongoing work. The findings and recommendations of the groups 

are only endorsed when_ technically feasible and within budget, especially if there are many issues that must be 
resolved. . . · 

The Delphi Method 
The Delphi ~etho~ developed by senior scientists at the RAND Corporation, in the 1950s, seeks to align the 
survey/questionnaire responses of experts, thereby forming a consensus on items of interest. In the Delphi method, · 
respo?dents are usuall~ taken ~o be e_xperts in a field. Although the method was developed mainly as a forecasting 
technique [14), the basic premise of its use today is to achieve the convergence and consensus of opinion. 

The procedure ~licits o~inions fr~m different persons (usually experts) without bringing them together in face-to
face confrontation. This process mvolves a "controlled feedback approach", usually involving several iterations or 
roun~s of que~tioning from anonymou~ re~pondents where summary feedback from anonymous responses to th; 
questionnaire items are gathered and distributed to all participants. The participants are asked to respond to the 
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same questionnaire items again, with this information before them. The purpose here is for respondents to discover 
the degree of agreement or disagreement that appears in each item. This process is very time consuming, with two 
or more iterations. Theoretically, the number of rounds is not pre-:-determined. Rather, the process continues until 
responses do not change distinctly. The final step is to determine the consensus arrived at after the iterations. 

An important use of the Delphi method is in situations where each member of the panel is ~n expert on some aspect 
of a problem, but no one is an expert on the whole problem. Also, traditional characteristics of the Delphi method, 
is the use of autonomous feedback. 

Though the "Delphi" method is a renowned and well-documented method of group decision-making which utilizes 
expert opinion, the process is very time consuming and can go on for weeks and/or months. Also, questions have 
been raised towards its reliability in forming valuable consensus of opinion. Critics have typically argued that when 
Delphi participants reach a consensus of opinion, there is no guarantee that the consensus is correct. Furthermore, 
since the Delphi method is a quantitative approach to collecting feedback, there is an artificially induced pressure 
toward consensus [15). Here, the use ·of controlled feedback avoids the pressures of open discussion and facilitates 
independence of thought. 

Expert Panels 

Application Areas 
Expert panels are used in a variety of different fields and areas - including business, health_ care, law, science, 
education, government, politics, etc. - for the purpose of evaluating, validating, and recommending actions on issues 
of importance. The use of expert panels in these processes has been identified in many areas as a practical and 
serviceable approach to evaluation [16). Expert panels are valuable resources that can 1) offer a pool of diversified 
talent that provides a point of involvement for action opportunities within an area of interest or in organizations; 2) 
recommend actions to be taken to authorities on a particular issues; 3) initiate exploration of important trends and 
issues; 4) help develop guidelines and policies; 5) identify viable processes and technology; 6) validate and help 
develop processes and. information; 7) provide expertise on critical issues; and 8) provide documentation that 
reflects the synthesis of philosophic and scientific knowledge [17). These circumstances are all in line with the 
creation of new business models and new technologies. To move forward in business and industry it is necessary 
to practice.radical innovation [17). Expert panels are an appropriate choice for evaluating new technologies. 

Expert Panel Processes 
Expert panels have a long history of successful applications, in both their structured and unstructured formats. (See 
Exhibit 1, Application Areas of Expert Panels). The exhibit shows a list of uses for expert panels, using task forces 
and other committees of experts as well as those using the Delphi method of analysis. The impact of using expert 
panels is highlighted in the exhibit to show how the expert panel is a critical tool in analysis. 

Traditional expert panel approaches include, the gathering of experts around a table to reach a consensus, possibly in 
workshops or .conference settings, which disregard expert biases . ._Therefore, the expert panel approach includes a 
non-formalized method of combining differences of opinion. Several suggestions on the refinement of the expert 
panel approach can be found in the literature. One study, done by S. James Press, proposes using qualitative 
controlled feedback as opposed .to quantitative controlled feedback, which is the premise of the Delphi process. In 

· this way, Press proposes that respondents are not "pressured" toward consensus. Unlike the Delphi technique, in 
qualitative controlled feedback, individual opinions are incorporated in building a consensus [15). This allows all 
opinions to be observed and noted with no pressure. Additionally, other desirable aspects inherent in the Delphi 
process, such as autonomy and the use of feedback, are used in this method. 

Traditional expert panel approaches, typically are carried out in a wor~hop and/or conference setting and include· 
open discussion to reach a consensus. Though all opinions are accounted for in the final decision, a major 
disadvantage of this method is that it disregards expert biases. Open forum style leaves room for "noise" and 
possible influence of more noted and reputable experts. Research shows that in group environments, participants' 
status affects group dynamics [17). Therefore, domineering personalities should be reduced where possible. 
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Virtual Expert Panels _ · . · 
Where traditional panels are unable to facilitate effective decision-making, the virtual expert panel can serve as an 
alternative method of analysis. As does all "expert panels", the virtual expert panel uses a group of experts for the 
purpose of evaluating, validating, and recommending actions on issues of importance. However, the virtual expert 
panel gets rid of "noise" associated with open discussion and introduces a new model of autonomous feedback, 
asynchronous timing, and no concern for spatial proximity (distributed participants). Table J (below) compares the 
strengths and weaknesses of the virtual panel, an asynchronous and distributed expert panel, to those of other 
currently used forms of expert panels, which are characteristically synchronous and co-located. 

Table 1: Asynchronous &: Distributed Panels vs. Synchronous & Co-located Panels 

ASYNCHRONOUS 
& 

DISTRIBUTED 

(e.g. Virtual Expert Panel, 
Delphi Panels) 

SYCHROUNOUS 
& 

CO-LOCATED 

(e.g. NIH Consensus, 
Nominal Group Technique, 

Task Forces/Special 
Committees) 

STRENGTHS 

❖ Freedom from time and place 
❖ Allows flexible access 
❖ Gives time for reflection and 

reference 
❖ Can enable interaction among 

large numbers 
❖ Technologies generally more 

robust and less bandwidth hungry. 

❖ Interactive 
❖ Timely 
❖ · Sense of audience 
❖ Allows rapid feedback, turn

taking, and negotiation 
❖ Allows synergy 
❖ Brainstorming 

WEAKNESSES 

❖ Less interactive 
❖ Can be slow and 

cumbersome 
❖ Requires high motivation to 

participate 

❖ Inflexible use of time 
❖ Dependent on fast robust, 

connectivity 

Adapud fem Uniiersity <f P/yrrwth@ Seale-HayrE "T~ if cmputer-rmliaud Cormunicatims., (Bastxi en Gaa)wr arx:i Stapk5, 
Crwtirf,sharwl:ierepresentatm if praaia?, AL T-J 6 (3) (1998)) 

Like a typical expert panel, the virtual panel will not meet several times, nor will it have the need for several 
iterations and will im;orporate·an opinions in the decision-making process (to avoid inaccuracy of views and any 

-valuable points made by individual experts). Feedback may not be used, especially in the form of controlled 
feedback. Howev~r, it may be used in the manner mentioned above - given as a summary of expert views to check 
for ac~uracy of reporting. Table 2 exhibits these elements of the virtual expert panel, making both comparisons with 
and distinctions from other expert panel processes discussed in this paper. Note that the virtual panel is most like 
the Delphi method - a popular method used in forming consensus - but considers providing accuracy by 
incorporating all expert opinions. This also insures that valuable information is not lo$t through sifting out of expert 
views. 
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'Table 2: Comparison of Four Expert Panel Processes 

•:• Questionnaire/Survey •!• Face-to-Face •!• Face-to-Face •!• Questionnaire/Surve 
Fonnat interaction/Open Interaction/Open yFonnat 

•!• Moderate structure Discussion Discussion •:• Very structured and 

•!• Autonomy (no face-to- •!• Limited structure and •!• Limited Structure and systematic. 
face interaction) unsystematic unsystematic •!• Autonomy (no face-

•!• Reduction of"noise" •!• Instant feedback. •!• Many meetings are to-face interaction) 
in consensus. •!• Very Few Meetings required •!• Reduction of noise in 

•!• Asynchronous & •!• Incorporates all •!• Specific time frame for consensus. 
Distributed Opinions decision •!• Asynchronous & 

•!• Not Time Consuming •!• Possible influence of •!• Requires extensive Distributed 
•!• Incorporates All opinions through resources (i.e. time, •!• Time Consuming 

Opinions "noise" money, sponsor support, Process 
•!• Relatively Inexpensive •!• Provides accuracy of expertise.) •!• Relatively 
•!• Provides accuracy of expert views. •!• Facilitator is needed to Inexpensive 

expert views. •!• Diversity encourage feedback and •!• Controlled Feedback 
•!• May or may not use discussion. . •!• Possible Forced 

feedback. •!• Diversity (may be Consensus 
•!• No instant feedback limited) •!• No Guarantee on 
•!• Diversity "Right" Consensus 

•!• Diversity 

A CASE STUDY 

· Company Background 
A small biomedical engineering start-up company was engaged in the development and marketing of a home and 
self-care health system which incorporated an ultra intelligent, vital signs - real time monitor to operate as a wireless 
baby monitor. This system would enable the user to interpret readings of vital signs and heart rate when the monitor 
was in use and, as a preventive measure, track and notify guardians in the event of an emergency. One application of 
the technology was to reduce the incidence of Sudden Infant Death Syndrome (SIDS), commonly called crib death. 
To date; little is known about the causes and indicators associated with SIDS, a condition which causes an infant' s 
cardio respiratory system to fail without any clear indications as to why it occurred. This issue had begun to attract 
attention both domestically and abroad and the concerns related to protection of infant lives had encouraged the 
development of a.,_7. innovative product to enter this relatively untapped market. 

Survey Design 
To assess the market potential of the home and self-care health system developed, an expert panel of medical 

· professionals affiliated with the Morehouse School of Medicine in Atlanta, Georgia, USA, was convened. The 
panel consisted of medical professionals with extensive practical experience in medicine and/or in medical 
education, with a range of 19 to 3 5 years of professional medical experience in a variety of specializations, including 
Pediatrics, Obstetrics/Gynecology, Rheumatology, and Internal Medicine/Public Health. Professionals in these 
fields - which are either directly of indirectly involved with the problem of SIDS and other related -
diseases/disorders or hospital care - can provide valuable and objective data for the purposes of the survey. 

The survey instrument included three sections. Section One addressed the market potential of the home monitoring 
system. Questions centered on identifyingpotential applications of the home monitoring system, including SIDS 
prevention and elderly/adult health care applications. A 5-point semantic scale (1 - Low; 3- Moderate; 5 - High) was 
used to assess the clinical value that the device could provide for each pot~ntial application. In addition, questions 
about the Safety and Effectiveness of current home monitoring devices were included. The panelists were also 
asked to give an overall rating for the proposed bio-monitoring system. 
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Section Two allowed the expert panelists to offer any general comments pertaining to both the proposed home (j 

monitoring system as well as similar devices. Specifi~ally, participants were asked to give their professional opinion 
on any deficiencies that the proposed system and similar home monitoring devices had in providing efficient s 
monitoring of at-risk SIDS patients. Section Three recorde~ the biographical information of the panelists. 1 

E 
·Results and Analysis 

Potential Applications 1 
Analysis of the survey results summarized in Figure 1 (below) revealed the following encouraging findings. t 

♦ SIDS is one of the top-ranked applications for the home monitoring system securing a mean rating of 
4.25/5 and ranking third among a list of 13 potential applications " 

♦ Other applications with high clinical potential include Apnea, Bradycardia, and an Apparent Life 
Threatening Event (AL TE). These applications had ratings of 4.5/5, 4.5/5, and 4.25/5, respectively. Each 
of these disorders is related to the sudden death of infants. 

(Exhibits 2 and 3 show detailed survey results, including expert panel biographical information.) 

These results suggest that the proposed system may have widespread application as a monitoring device for those 
infants who are "at-risk" for sudden death (including SIDS), which may follow breathing pattern irregularities and 
heart rate fluctuations during sleep. The proposed_bio-monitoring system tracks these vital signs so that critical 
events are captured before, during, and after an episode thus providing data that might be physiologically or 
clinically relevant in understanding and controlling disorders associated with sudden death. 
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Other Results 

Safety, Effec:tiveness & Overall Rating . · 
The panel assigned encouraging ratings to the home monitoring system in the areas of Safety (3. 75/5) and 
Effectiveness (3.0/5) and assigned a promising Overall Rating (3. 75/5). 

"Over-the-Counter" Marketing 
Three out of four medical experts said that "over-the-counter" marketing was "somewhat appropriate", suggesting 
that the consideration of professional recommendations and supervision may be important for the safety and 
effectiveness of home monitoring systems, but not necessary. 

General Comments 
Among the suggestions made by the panelists were: 

♦ Conducting "surveys to detect an 'at risk family"' should be done, possibly to determine the right subjects 
for home monitoring. 

♦ The proposed home monitoring system provided "a creditable array of pertinent assessment" and was an 
"interesting technique that may be valuable". These favorable comments support the adoption of the 
system for the prevention of SIDS. 

CONCLU.SIONS 
Expert panels can serve as an effective approach to evaluate new technologies. However, careful attention must be 
paid to procedural issues and problems as these can critically affect the success of the expert panel [16]. Proper 
implementation can proceed in the following steps: 

~ Develop a Framework of the Process. 
• Define the Panel Process. 
• Create the Panel. 
• Preparation of the Process . . 
• Manage the Process. 
• · . Document Results 

Additionally, virtual expert panels can be used as an enhancement to other more traditional technology evaluation 
methods. This combination can further facilitate the commercialization process and can possibly help to develop a 
robust framework that will reduce the time and money spent on reviewing new technologies. 
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APPLYING THE ANALYTICAL HIERARCHY PROCESS TO THE 
SEMICONDUCTOR FACILITY LAYOUT PROBLEM 

Mariah McMurran, William J. Thompson and Jose A. Sepulveda 
University of Central Florida 

ABSTRACT 
In the semiconductor industry short product lifecycles drive frequent re-layouts, which in tum drive the need for an 
efficient, reliable re-layout methodology. Typical re-layout decisions require hundreds of labor hours and several 
months to complete. This paper proposes an efficient approach that combines the Analytical Hierarchy Process 
(Saaty; 1995], Systematic Layout Planning [Muther and Hale, 1979], and simulation for selecting a semiconductor 
facility layout. The approach involves the establishment of stable criteria for long-term strategic decisions. A case 
study application suggests the approach saves time and provides an efficient, effective method, especially when 
applied to decisions that must be made frequently. 

INTRODUCTION 
Manufacturing in the semiconductor industry is very complex due to the many constraints, including three floors 
that must be coordinated, re-entrant process flows, and extreme vibration and light sensitivity of equipment. Because 
of this complexity, traditional layout techniques and algorithms cannot be applied effectively and presently, no 
efficient method has been established for layout design in this complex environment [Yai:ig and Kuo, 2003]. 

The lifecycle of semiconductor products is approximately 18-24 months [Moore, 1998]. With each generation of 
products, a re-layout of the factory with new process equipment is required. Due to the frequency ofre-layouts, 
multi-billion dollar process equipment, and the layout's potential to affect the bottom line, it is extremely desirable 
to make the best possible decision. 

Current layout design decisions are made without using any formal procedures. Many stakeholders, usually 10-20, 
from a variety of areas affected by the layout are involved in this decision. These stakeholders often have conflicting 
objectives, and it is often a lengthy and contentious process to reach a conclusion that satisfies all of the stakeholders 
and constraints. Because the labor is costly and decisions must be made quickly, a more efficient procedure is 
desirable .. Ideally, this strategy should facilitate minimal cost, minimal time requirements, and maximum return on 
investment. 

The methodology presented in this paper provides a formal approach to layout selection based on the Analytical 
Hierarchy Process [Saaty, 1995] that helps companies establish criteria for decision-making that remain constant 
over the lifecycle of the fab. These criteria are inputted into a decision matrix, which, once built, can be reapplied to 
future decision problems, This can save a great deal of time and result in enormous labor savings due to the many 
stakeholders involved. It can also result in the ability to make decisions more quickly in the future. The approach 
integrates simulation with the Analytical Hierarchy Process to b~tter quantify some of the layout evaluation criteria, 
such as cycle time and throughput, in order to remove as many subjective criteria from the analysis as possible. 

The rest of the paper is stnic~ed as follows: background information is given in Section 2, and the proposed 
methodology is presented in Section 3. A case study describing the application of the proposed methodology is 
proposed in Section 4, and feedback from stakeholders of the case study is presented in Section 5. Section 6 
provides a comparison of the proposed method with commonly practiced layout selection niethods. Conclusions are 
presented in Section 7. 

BACKGROUND 
The Analytical Hierarchy Process [Saaty, 1995] is a method for group decision-making that integrates judgments 
from multiple stakeholders on both qualitative and quantitative factors into a single representative judgment. It is 
differentiated from other decision..:making approaches because of its ability to facilitate the comparison of tangible 
and intangible factors and to detect inconsistencies in stakeholders' judgments. The AHP provides a basis for group 
problem solving. It calls for input from several stakeholders and mathematically integrates these inputs into relative 
rankings· of different alternatives to a pro~l~m. 1 
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· The structure oftheAHP is hierarchal; it separates an overall decision objective into sub-objectives and sub-sub-
. objectives that describe how the overall objective is accomplished. Stakeholders rank both sub-objectives and sub

sub-objectives based on how well they achieve the criteria in the level above. The final score for each of the layout 
alternatives is determined by summing the products of the ratings for each sub-objective with the rating for each of 

· the ~uh-sub-objectives according to the following formula: 
n m" L Lwi*aij 

i=l J=l. 

where: 
wi = the weight assigned to each sub-objective 
au = the value assigned to each sub-sub-objective 
n = the number of sub-objectives . · , 
m 0 = the number of sub-sub-objectives corresponding to each sub-objective1 

The AHP has been applied to a wide variety of multiple-objective decision problems, including facility layout and 
location problems [Yang and Lee, 1997]; however, the literature contains very few applications of the ARP in the 
semiconductor industry. This research builds upon one prior paper [Padillo, Meyersdorf, ~nd Reshef, 1997] that 
describes the employment of the AHP when evaluating and comparing semiconductor layout alternatives. This paper 
extends this prior research by adding the use of simulation to quantify some of the subjective factors, and 
emphasizes stakeholder selection and the establishment of long-term decision criteria. It also provides feedback and 
recommendations for improvement given by stakeholders involved in a case study application. · 

Traditional methods of layout development and evaluation in the semiconductor industry typically involve no formal 
procedure other than a somewhat jury-like deliberation among stakeholders until all stakeholders agree on a layout 
alternative. By contrast, the proposed method provides a structured approach that directs stakeholders to a goal: 
selection of an alternative that meets the established decision-criteria. Having a formal procedure with previously 
established decision-criteria not only structures the stakeholders' efforts, but it reduces the contention that is 

experienced among stakeholders due to conflicting objectives [Malczewski, 1999]. Using a formal procedure is also 
more objective than prior methods, which were more likely to result in some stakeholders having a greater impact on 
the decision than others due to their experience or assertiveness. 

PROPOSED METHOD 
The proposed method is integrated with the final stages of Systematic Layout Planning [Muther and Hale, 1979]. 
Figure 1 shows the complete SLP procedure and the model's application within SLP. Areas that are affected by the 
proposed model are highlighted while areas with which this research is primarily concerned are both highlight~d and 
shaded. 

The proposed method consists of three parts: development of a decision matrix, application of the decision matrix to 
. layout selection, and reusing the decision matrix. The first step needs to be performed the first time the model is 

applied, but only the second and third steps must be performed when applying the model to similar layout design 
problems in the future. 
. . 

1 
For further details on the Analytical Hierarchy Process, the reader is referred to [Saaty, 1995]. 
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Figure 1 - Model's application within Systematic Layout Planning 

Development of a Decision Matrix 
The first step .in developing a decision matrix is selecting the stakeholders with the appropriate background to 
develop decision criteria. Two groups of stakeholders are selected: those who develop the sub-objectives and those 
who develop the sub-sub-objectives. 

Stakeholders who develop the initial objective and sub-objectives.should have considerable expertise in facility 
layout design and should be as impartial as possible; they should not be more interested in one aspect of layout 
design than another. For example, a process engineer should not be included, because this engineer may feel that 
protecting equipment and meeting process requirements is the most important criterion. 
'This first group of unbiased stakeholders determines an overall objective of the decision such as "Select the best 
layout" which is divided into sub-objectives such as "Maximize flexibility" and "Minimize cycle time". Using the 
AHP, the sub-objectives are given priority weights based on their importance to achieving the overall objective. 

After the criteria and their relative weights are determined, additional stakeholders must be identified to determine 
sub-sub-objectives associated with each layout sub-objective. These stakeholders may be biased; they are 
individuals whom would normally be involved in any layout project; such as industrial engineers, layout-planners, 
operations managers, process engineers, mitro-:contamination experts, and ergonomics and safety experts. 
Stakeholders participate in determining the sub-sub-objectives only for sub-objectives for which they have 
background and. experience. 

The decision criteria are placed into a decision matrix, which is sent to mariagement for review and approval. After 
any modifications suggested by management are made and final approval is obtained, the decision matrix is 
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complete and can be used as a guideline for rating layout alternatives. Also, it may be applied to future problems, 
which can result in significant savings in labor for the engineers and managers that participate in decision-making, 
as long as all stakeholders review and buy-in to the decision matrix. This process is summarized in Figure 2. 

Application of the Decision Matrix to a Decision Problem ~ 
After the decision matrix is developed,.a layout designer generates several alternatives (about three to six) that 
satisfy alt feasibility constraints. Stakeholders discuss the pros and cons of each alternative based on the decision 
criteria defined in the matrix, identify potential problems, and request changes. Alternatives that are too far from 
optimal are discarded, and the others are modified based on stakeholder feedback in an iterative process. Additional 
alternatives may also be created. This proc·ess continues until there are a few satisfactory alternatives remaining 
(about two to four). 

A discrete-event simulation model is developed for each remaining alternative is developed based on the 
manufacturing flow, production forecasts, and other available data. The objective of these models is to estimate 
important parameters of the layouts such as cycle time and throughput in order to provide as much quantitative data 
as possible. After these factors are estimated, stakeholders can base their ratings of these criteria on either a ratio 
comparison of actual values or the utility of these values. 

Identify Stakeholders to 
determine Objective and 

SubObjectives 

-----~ Identify Overall Objective 
. of Layout 

No 

Identify Sub Objectives of 
Layout 

Rank Swb Objectives in a 
Pairwise Manner 

Gain Approval from Upper 
Management 

Approval from 
Management ? 

Yes 

Identify Stakeholders to 
determine S.ub-Sub 

Objectives 

Break Sub Objectives into 
Sub-Sub-Objectives 

Gain Approval for Decision 
Matrix 

Approval from 
Management and all 

Stakeholders? 

Final Decision Matrix 

Figure 2 - Process of developing a decision matrix 

No 

Althou~h simulation c~uld be v~ry useful in evaluating how an alternative might function in practice, it can be time
c?nsu~ng due to the tI~e requ~ed to develop, validate, and verify a model. Since the information provided by 
s1m_ulation comes at a high cost m terms o~ labor and time, it is important only to develop models for the most likely 
options and only when a clear best alternative cannot be found without developing the models. 
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After the results of the simulation models are obtained and all other relevant data have been gathered (such as cost, 
schedule, and labor required) the biased stakeholders meet in groups based on the sub-objective for which they have 
background and experience. They compare the sub-sub-objectives in pairs, with respect to the sub-objectives. The 
decision-makers individually rank each pair of sub-sub-objectives, and the results are inputted into the decision 
matrix. ·A final score for each alternative is determined for each stakeholder, and the geometric mean of the 
individual scores is taken to determine the final scores. The geometric mean is used because it is less sensitive to 
outliers than the arithmetic mean [Borwein and Boiwein 1998]. This process is depicted in Figure 3 

Due to the subjective nature of the analysis, it is important to perform sensitivity analysis to determine the 
robustness of the decision with respect to the decision-makers' inputs. Analysis can be made based on changes to 
each of the sub-factors' weights relative to the others; however, it may be more efficient to look at the key drivers of 
the decision. Areas where the preferred option scores lower than the other options should be examined to determine 
if changing the weights by a reasonable amount could affect the result. This step is subjective; it involves examining 
each element jndividually and estimating a high and low value for each of the weights that may effect the decision. 
A great deal of human judgment must be employed at this point; there is no specific rule that determines how much 
higher the preferred alternative must score than the other alternatives in order to be implemented. However, a good 
rule of thumb is to require the selected option to score at least five percent higher than the next-highest scoring 
alternative, and remain the highest scoring alternative when the weights are changed by some reasonable amount, 
such as ten percent [Gibson, 1994]. If this difference is low, it may indicate the need to collect and analyze more 
data. The most important consideration is to make sure the st~keholders are comfortable with the decision. 

Due to the potential complexity of the sensitivity analysis, it is recommended that software such as Expert Choice 
[Forman and Selly 2001] be employed, to simplify the analysis and to eliminate manual calculations. 

Stakeholders Discuss Pros 
and Cons of Alternatives 

Initial Screen o f Layouts 

Cost and Schedule 
Analysis for Remaining 

Alternatives 

Development of a Simulation 
Model for each Layout Alternative 

Rank Sub-Sub-Objectives 

Determine Score for each 
Layout by Stakeholder 

No 

Synthesl~e Stakeholder Scores 
to Determine Final Scores 

Sensitivity Analysis 

Recommended Highest 
Scoring Layout 

Figure 3 - Process of applying the decision matrix to a layout selection problem 

Reusing the Decision Matrix . 
If a similar re-layout problem occurs in the future, the decision matrix can be reapplied to save time. This process is 
outlined in Figure 4. Only one group of stakeholders is required when reusing the decision matrix; however, the new 
group must buy-in to the previously determined sub-objectives, sub-sub-objectives, and weights, or make 

46 



Proceedings of the 2004 IEMS Conference 

modifications to the decision matrix until it is satisfactory. Then, the stakeholders simply rate the layout alternatives 
based on the previously developed decision criteria, accqrding to the procedure defined above. This can save a great 
deal of time when re-layouts are required frequently because it allows the stakeholders to avoid developing decision 
criteria each time a decision must be made. 

After the decision matrix was developed, stakeholders met daily throughout the duration of the project in order to 
give feedback to CAD planners, who modified thelayouts and brought them back for discussion the following day. 
Layouts were improved until they became satisfactory, or discarded if they could not be improved. The options were 
narrowed down ·through discussion, until three final alternatives were remaining. Even though these options were 
accepted, they were continually improved as the process was iterated. 

Extensive data collection was performed for the. three remaining alternatives, including cost analysis, estimation of 
schedule impacts and estimation of the labor required to operate each layout. Discrete-event simulation models of all 
three alternatives were developed in order to estimation the expected cycle time and throughput that these layouts 
would allow; Because the area in question contained bottleneck equipment, it was determined that the throughput of 
the area could represent the throughput of the factory for the specific product the equipment was designated to 
produce. Using this assumption, the throughput was translated into a dollar amount. Ratings for the sub-objective 
"Maximize throughput" were based on the utility of this dollar amount. The other factors were ranked according to 
the procedure outlined above. A scale from O to 2 · was used, where a score of "O" means that the attribute is not 
present, and a score of "2" means that the layout is ideal with respect to the attribute. A score of" 1" means the 
attribute is present but not ideal. Values need not be ~tegers; any value between O and 2 may be used. 
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Figure 4 - Process of reapplying the decision matrix 
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Joal: Select the Best Layout I 

· I Min. chemic al contamination I 
Me et all process and yield requirements ll Me et equipment environmental requirements I 

Min. possible microcontamination exposure I 
. · I Max. throughput I 

Maximize manufacturing output. ll Min. cycle time I 
Min. future impacts to manufacturing I 

I Place like equipment together I 
Maximize development capacity ll Max. flexibility I 

Place equipment for ease of maintenance I 

{

. Min. initial cost I 
. . . I Place equipment with like utilities together I 

Mmmuze cost. I 
Build space out as late as possible 

Min. lab or required to operate equipment I 
I Max. space for maintenance I 

Max. operational efficiency and flexibility IL Min. lancllocking of equipment I . 
. , Max. flexibility for future equipment I 

Figure 5 -Decision matrix developed by stakeholders 

A sample portion of the decision matrix, shown in Table 1, illustrates the scoring method. Sub-objective 1, "Meet 
ProcessNield Requirements" is given a weight (wi) of 2. Its sub-sub-objectives are all given a perfect rating of"2" 
for both layout Option "A" and Option "C", while two of its sub-sub-objectives were given a less than ideal rating 
for Option "B". The weighted subtotal shows the sum of the ratings for each sub-sub-objective multiplied by the 
weight (wi) given to the sub-objective. The grand total is the sum of the weighted subtotals. 

Table 1- Sample decision matrix with scores 

-Decision Matrix - Final 3 Alternatives 2 = Excellent 1 = Good 0 =Poor 
Value Factor Weight A B C 

Wj C1 C2 C3 

1 Meet Process/Yield Requirements. 2 
a. Satisfy process requirements to avoid chemical contamination. 2 2 2 
b. Minimize conflicts to vibration zones. 2 0.8 2 
C. Follow all micro".'contamination guidelines. ·- 2 0.3 2 
d. Meet equipment environment needs. 2 2 2 

Weighted Subtotal 16 10.2 16 
2 Maximize Manufacturing Output. 1.7 
a. Leaye space for planned manufacturing equipment adds. 0 1.2 1.7 
b. Keep empty spaces as large and contiguous as possible. 0.8 1 1.6 
c. Maximize Throughput. 2 1.6 2 
d. Minimize Cycle Time 1 0.7 1 

Weighted Subtotal 6.46 7.65 10.71 
GRAND TOTAL 22.46 17.85 26.71 

Table 2 shows the final scores for options "A," "B," and "C," as determined by stakeholders as well as the total 
costs including the costs of moving and installing equipment, operating the equipment, and fully burdened labor for 
two years. As the table indicates, although Option "B'' had the lowest cost, it scored by far the lowest of the three 
alternatives, while Option "C" scored the highe-st. In other words, stakeholders felt that operational advantages of 
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Option "C" (such as cycle time reduction and increased throughput) would offset the additional $400,000 in initial 
and operational costs'. · 

Table 2 - Costs and scores for each of th~ final layout alternatives 

Option Cost (SK) Score 
A . $4,104 62.78 

B $3,552 57.61 

C $3,955 69.74 

Although the results of the decision matrix showed a clear preference to Option ~ ! the final layout c_ould not be 
determined until sensitivity analysis was performed, to ensure that Option C would remain the preferred choice if 
stakeholders' inputs were slightly different. Sensitivity analysis was performed by examining the key drivers of the 
decision. 

First, it was noted that Option "B's" score was more than ten percent lower than the highest score, so it was 
eliminated from consideration. Next, sen!iitivity analysis was performed on the factors for which Option "A" scored 
higher than or equal to Option "C" to determine the amount that the weights for these sub-objectives and sub-sub
objectives would have to change in order for Option "A" to become.the preferred choice. Since each of these 
weights would have to have been nearly doubled to change the preferred option, it was determined that the decision 
to select Option "C" was robust and it should be implem~nted as the final layout. 

It should be noted that in many cases, one option would not dominate the others as predominantly as in this case 
study. In those cases, sensitivity anctlysis will be much more complex, but the use of software such as Expert Choice 
[Forman and Selly, 2001] will perform sensitivity analysis automatically. 

STAKEHOLDER FEEDBACK 
After the decision matr_ix was applied to several similar re-layout problems at the same company by several different 
groups of stakeholders, thirty of these stakeholders were surveyed to attain feedback on the process of applying the 
model. The stakeholders were asked to rate the efficiency, contention, and quality of the resulting decision when 
applying the proposed method compared to prior methods ( which involved no formal procedure), as well as their 
degree of preference to each method. They were· also asked to provide general comments and suggestions for 
improvement. 

Efficiency 
The stakeholders asserted that the procedure took approximately the same amount of time as prior methods when 
they had to build the decision matrix in entirety before applying it. However, when the decision matrix was built 
previously and applied to another problem, the decision-making process generally took half as much time. While 
prior methods took approximately two months to determine a solution to a problem of this magnitude and type, this 
time was reduced to.approximately one month when the decision matrix was reused. This is a significant savings, 
especially when considering the high cost of labor for the engineers and managers involved in the decision-making 
process. 

Contention . . . 
This area is·where the proposed method saw the biggest improvement in scores compared to prior methods. Nearly 
ninety percent of the stakeholders stated that the new method promoted less contention than prior methods, and none 
of the stakeholders reported increased contention with the new method. Stakeholders commented that the procedure 
was fair because it gave everyone an equal vote, and led to significantly fewer arguments that prior methods. 

Preference 
All of the stakeholders who were surveyed had at least equal preference to the proposed method and prior methods, 
_while about seventy percenl preferred the new methods. Nearly half indicated that they strongly preferred the new 
method. · 
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Q_uality of Decision · · · 
All of the ·stakeholders who were surveyed submitted that the quality of the final decision selected via the proposed 
model was either comparable to or better than prior methods, while about thirty percent thought the quality was 
improved when using the new method. 

Comments and Suggestions for Improvement 
The only major difficulty associated with the proposed method that was mentioned by the stakeholders was the 
ambiguity of providing input. They experienced difficulty not only when comparing qualitative and quantitative 
factors, but also when assigning weights to the utility of quantitative factors such as throughput and cost. It should 
be noted, however, that the AHP is one of the few existing methods that provides the ability to compare qualitative 
and quantitative factors [Mollaghasemi and Pet-Edwards, 1995]. 

The most common suggestion provided by stakeholders for· enhancing the quality of the method-is to have 
stakeholders to evaluate layouts individually via surveys, rather than providing inputs in a group environment. This 
can minimize the tendency for stakeholders who are assertive or have a great deal of experience to influence the 
final decision more than others, and potentially avoid the "Groupthink" phenomenon [Kozielecki, 1975]. It can also 
give stakeholders time to carefully deliberate their decisions, and may reduce the inconsistency of their judgments. 

In general, the feedback provided by the stakeholders asserted the usefulness and efficiency of the method. 

CONCLUSIONS 
This research provides insight into the complicated and challenging area of layout development and selection in 
highly capital intensive, high turnover industries like the semiconductor industry. The procedure presented in this 
research presents an objective, efficient method for combining the responses from multiple stakeholders, with 
significantly less conflict among stakeholders. It also leads to the development of stable, long-term decision criteria 
that is consistent with the organization's goals, and promotes buy-in from all stakeholders because assigning all of 
these stakeholders an active role in layout design and selection promotes a sense of ownership [Gregory arid 
Keeney, 1994]. 

The approach can save a great deal of time when a decision matrix is developed and applied to several future 
problems. The time savings that are realized can be attributed to two main factors: the method's ability to integrate 
the stakeholders' diverse judgments into a consensus more quickly than would be expected without a formal 
procedure, and its tendency to focus the efforts of those involved, resulting in more efficient use of resources. 

If the problem is unique and unlikely to occur frequently, applying the method presented in this research is not likely 
to save a significant amount of time, but the advantages of conflict reduction and buy-in among stakeholders still 
exist. The method is likely to result in a better quality layout than prior methods because it forces stakeholders to 
systematically identify weaknesses of each alternative, which promotes an iterative process of improvement. The 
procedure also addresses the major disadvantage of the ARP- the difficultly of providing accurate comparisons of 
subjective and objective factors [Yang and Lee, 1997] - by suggesting the use of simulation to capture as much 
quantitative data as possible. 

An efficient, effective approach. has been presented to address a common prob I em across the semiconductor and 
· many other industries: the desire to make fast yet effective decisions while simultaneously minimizing cost. 
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ABSTRACT 
Vast quantities of data are currently stored in most company databases. Companies wish to use this data effectively 
but are faced with rapidly increasing amounts of data that are often difficult to explore and analyze in a reasonable 
period of time. Traditionally the information retrieval systems that most companies utilize make use of client-server 
architecture. However this architecture suffers from serious drawbacks such as heavy bandwidth usage and fault
intolerance. Hence an efficient information retrieval mechanism for distributed systems is needed. A cost effective 
mobile agent-based information retrieval system is therefore proposed. It will be demonstrated that mobile agents 
are attractive from several stand-points and that they a definite edge over the traditional client-server architecture in 
the aspect of data mining. 

INTRODUCTION 

In the modem world most electronically stored information is kept in a database. It is often useful to keep track of 
customer trends so even transactions such as credit cards paYIJJ.ents or telephone usage are typically recorded in 
company databases. The high volume of customers and their daily transactions contributes to a rapidly increasing 
amount of data that must be stored. A current problem in explorative data analysis is the rapidly increasing amount 
of data that needs to be analyzed for extracting useful information that companies can use. The process of exploring 
and analyzing data is widely known as data mining and is one of the most crucial software tasks that is performed. 
Having the right information at the right time is crucial for companies to make informed decisions. However 
extracting valuable information is a very difficult task. Finding valuable information from a huge database is like 
finding a needle in a haystack. Even with the advent of very advanced data analysis systems, finding the right piece 
of information in a huge database remains a difficult and time consuming process. 

In order to begin an effective data mining process an efficient information retrieval system must be used [2]. In 
order to analyze data It must first be retrieved. Traditional information retrieval systems generate a great deal of 
traffic overhead. R-login is an example of a commonly used information retrieval system. When a user uses R
login they remotely login on to the desired database and then retrieve the necessary information by executing 
queries. The traditional information retrieval approaches, which use the client-server technique, have several 
drawbacks such as: · 

• · A continuous connection must exist between the participating entities 
• High bandwidth requirements 
• Large Traffic overhead 
• Fault~intolerant 

Therefore there is need for a more sophisticated information retrieval system that will alleviate the drawbacks of the 
traditionally used information retrieval systems. This sophisticated information retrieval system will extract the core 
information required for the data mining process. 

In this paper, an agent-based information retrieval system is proposed. This proposed model works in the distributed 
environment by extracting information from heterogeneous systems. The model takes a performance parameter of 
each of the target machines into consideration. The performance parameter is composed of elements such as CPU · 
utilization, disk space etc. Machines having performance parameters less than a predefined value will be selected for 
information retrieval. Mobile agents and peer to peer networks are the main components of the proposed model. 

A mobile agent is an executing program that can migrate during execution from machine to machine in a 
heterogeneous network. Different types of mobile agents exist, some travel from machine to machine and some rest 
on a particular machine and provide service to other agents. On each machme, the traveling mobile agent interacts 
with the stationary service agents and other resources to accomplish its task. Mobile agents are particularly attractive 
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in distributed information retrieval applications. By moving to the location of an information resource, the mobile 
. agent can search the resource locally, eliminating the transfer of intermediate results across the network and this 
reducing the overall -traffic on the network [1]. Most importantly an agent can choose different migration strategies 
depending on the task it is given and the current state of the net~ork. Therefore as network conditions change the 
mobile agents can adjust their· migration strategies. The use of mobile agent-based architecture does not completely 
eliminate the drawbacks of the traditional architecture. However the mobile agent-based architecture does have an 
edge over the traditionally used client-server architectures. 

The remainder of the paper is organized as follows. In section 2 some basics concepts about mobile agents and 
mobile agent platforms will be discussed. Tlie proposed agent-based architecture for an agent based information 
retrieval system is presented in section 3. Section 4 deals with the implementation aspect of the proposed model. 
Concluding remarks concerning the proposed model will be discussed in Section 5. · 

BASIC CONCEPTS OF MOBILE AGENTS 

Mobile Agents 
Mobile agents have several features which make them particularly attractive for use in a distributed system. The 
most attractive feature of mobile agents is that they move to the target location and then interact with resources 
directly without transmitting intermediate data. The result is that network bandwidth is conserved and latency is 
also reduced. Mobile agent migration is shown in Figure 1. Also the fact that information will not be lost in transit 
if the network goes down temporarily makes a mobile agent system fault tolerant [1]. In addition, mobile agents 
make decisions on the spur of the moment depending upon the condition of their surroundings. The mobile agents 
look at the available resources and their usages and then make a decision regarding which resource to choose. 
Therefore mobile agents do not overload systems which are already at peak usage [ 4]. Finally, most distributed 
applications fit naturally into the mobile agent model. For example, a mobile agent can migrate sequentially through 
a pre-defined set of systems, or send out a wave of child agents to visit machines in parallel; or remain stationary 
and interact with resources remotely or any combination of these extremes. 

Figure 1. Mobile Agent Migration. 

Mobile agents are currently being used in a wide array of different areas. These include: 

• Network management systems. The agents used in these systems are commonly known as discovery 
agents and configuration agents. These agents maintain the network by keeping track of network failures 
~nd taking precautions ~hen necessary; 

• ·. Information ·retrieval systems. These systems could be used to locate cheaper prices, track interesting 
news, chart popular music and also monitor the stock market. The agents used in these systems are single 

, task agents. This means that each agent has the single task of retrieving information which is of particular 
-interest to a particular user. · 

• Data mining 
• Search. engines 

In a distributed environment, a mobile agent system can be effective only if the system acknowledges and 
dynamically maintains all aspects of its behavior. In particular the system should decide how many agents to send 
·out, where to send them, and whether those agents should migrate or remain stationary [7]. Above all, the agents 
must have access to all the resources that are available on the network, and each agent must have access to a 
planning algorithm so that it can choose the most effective migrating strategy for its task. It is important that the 
planning algorithm take the current network conditions into consideration, and so each mobile agent must also be 
aware of the conditions of the network that it is migrating through. 
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Mobile Agent Platforms 
There are several platforms that support the implementation of mobile agents, such as Aglets, Concordia, 
Grasshopper and Tacoma. Mobile agent platforms facilitate the development and implementation of mobile agent 
based applications. Most of the platforms are Java based because Java has excellent network related capabilities. 
Some of these platforms will now be discussed further. 

Aglets 
Aglets is one of the first Java based mobile agent platforms. This platform supports weak mobility. Weak mobility 
refers to a platform in which an agent only migrates with its code and data, but does not transfer its execution state 
[5]. When an agent wishes to migrate to a different location, aglets calls the dispatchO method and when the agent 
arrives at the target location, aglets calls the runO method to restart the execution from where it had previously 
halted. In particular aglets use an event driven model. 

· Concordia . 
Concordia is a Java based mobile agent platform. Its main focus is mobile agent security and reliability. Agents are 
provided with an itinerary of places to visit. Agents are carefully saved to persistent storage, before and after 
arriving at new site, to avoid agent loss. For security reasons, this platform employs encryption schemes. Concordia 
is composed of an agent manager, a security manager, a persistence manager, an inter-agent communication 
manager, a queue manager, a directory manager, an administration manager and an agent tool library. The Agent 
tool manager makes the network interface abstract that so the agent programmers do not have to know specifics 
about the network. The security manager maintains the integrity of mobile agents and the data that the mobile 
agents carry. The security aspects can be adjusted using a Concordia provided graphical user interface. The 
persistence manager ensures that mobile agents can be restarted in the event of a server failure. The inter-agent 
communication manager handles events that take place between agents, it is distributed so that agents do not have to 
be on the same server in order to communicate. The queue manager makes sure that mobile agents can travel easily 
in a netwo!k that is not guaranteed to be reliable. The Directory Manager acts as a naming service. The 
administration manager serves as the main administration for all Concordia servers. Only one administration 
manager exists. The Agent Took Library are development tools that are provided by Concordia [11]. 

Grasshopper 
The Grasshopper platform is also ajava based mobile agent platform. It is-built on top of the distributed system. It 
supports weak mobility of agents. Using the Grasshopper platform a traditional client/server paradigm and mobile 
agent technology can be achieved [9] . The Grasshopper platform is composed of a region, a region registry, an 
agency, a place and an agent. The region contains agencies, agents and places. Each region also keeps track of a 
region registry which houses information about all of the agencies places that a region contains. An agency is the 
runtime environment for mobile agents. A single agency has its own Java Virtual Machine. A place exists within an 
agency and houses similar agents [10]. 

The Grasshopper platform supports various stages in the life cycle of the agents. It also invokes the liveO method to 
restart the execution from where the agent has halted. 

Tacoma 
Tacoma supports agents written in C, C++, Perl, and VB. Each mobile agent carries a folder which contains its code 
and the state information. This folder sets up the startup execution at each new location or agency. 

PROPOSED ARCHITECTURE FOR AN INFORMATION RETRIV AL SYSTEM 
Grasshopper is the mobile agent platform that is use·d to implement the agent based information retrieval model. The 
model uses the following java based agents: 

• User Agent 
• Resource Agent 
• Administration Agent 
• Database Agent 
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User Agent · . · . · . . . . E 
· The User Agent interacts with the user by means of a GraP.hical ~ser Interf~ce (G~I), which is a Java apphcabon f 
provided in all of the participating systems. The GUI contains a dialog box mto which the user enters th~ query and 
the domain in which the query should be executed. When the user enters ~e query, the User Agent receive~ the 

. request and passes it to the Resource Agent which is discussed next. In this way the User Agent acts as an mterface 

between the user and the database. 

Resource Agent _ . · · . . 
As the name implies, the Resource Agent maintains the available resources under its do?1am .. The Resource Agent 1s 
the most complex agent that exists in the model. In the model agents travel to the machine with lhe lowest resource 
usage .. The resource usage of each machine is compared against a predetermin_~~ performance parameter, which is · 
also known as the threshold value. The predetermined performance parameter is calculated by the Resource Agent 
for the systems under its domain. Currently the CPU util'ization and available disk space are the key elements that 
determine the value of the performance parameter. When the Resource Agent receives a request from the User 
Agent it examines the performance parameters of the systems under its domain. These parameters are evaluated 
against the threshold value and the system with lowest resource usage is selected as the target machine. This 
combined information (the user query as well as the IP address of the target machine) is forwarded to the _ 
corresponding Administration Agent. · · · 

Administration Agent 
The Administration Agent deals with the process of cr~ating and administering Database Agents that execute the 
given query on the target machine. When the Administration Agent receives a message from the Resource Agent, it 
creates the child agent known as a Database Agent. The Administration Agent creates one child agent per query. 
The primary task of the Administration Agent is to assist in the execution of queries by creating various child 
agents. It should be intelligent enough to know when to create a child agent and where to send the child agent. 
After a child ag~nt finishes its task it reports the results back to the Administration Agent. The Administration 
Agent is particularly useful when there are many child Database Agents executing in parallel. In such cases, the 
Administration Agent maintains a data structure, which contains a list of currently active Database Agents and their 
corresponding locations. When the child Database Agent returns with a result, the Administration Agent is able to 
recognize the query id of the Database Agent and return the query results back to the user. 

Database Agent 
The Database Agent-directly interacts with the database. It executes and maintains all necessary connections to the 
database and executes queries locally. Once the Database Agent finishes its task, it returns the results to the 
Administration Agent. Once a Database Agent has fulfilled its tasks it is terminated. Each database agent must be 

· intelligent enough to report a failure notice in case of an error during execution. 

Agent Interactions 
The interactions between the proposed agents will now be discussed. For further reference please see Figure 2. To 
begin with, all of the required agents must be initialized. This means that the User Agent GUI application must 
become available on all of the participating systems. It also means that the Resource Agent receives the appropriate 
information about its domain and the systems available to it. The Resource Agent is also provided with the threshold 
value and a formula to ca~culate the performance parameter for the various systems. 

After in~tialization occurs, the user running the application is provided with a GUI dialogue box in which they can 
enter the necessary query, the user is also provided with a list of domains under in which the query can be executed. 
After the user enters the query their job is done and the agent system takes care of the rest. The User Agent interacts 
with the Resource Agent and passes the query to it. Since the Resource Agent is already aware of the domains and . 
systems belonging to the domains, it initiates the task of calculating the performance parameters per machine. Once 
the performance parameters are calculated, the Resource Agent will examine all of the performance parameters and 

. select the machine with the minimum performance parameter as its target. The Resource Agent will then pass the 
appropriate information_ about the selected machine and query to the Administration Agent. When the 
Administration Agent receives all of the correct information (user query+ target IP address) it creates the child. 
Database Agent. If multiple queries are to be executed then the Administration Agent will create one corresponding 
child agent per query and then administrate their execution in parallel. All Database Agents then migrate to the 
target machine; initiate the necessary connections, interact with the database directly, and execute the query locally. 
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Each Database Agent then sends ·back the result of the query to the Administration Agent. The result is then 
propagated upward until the user receives the result. 
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Figure 2: Agent Interactions 

A WORKING EXAMPLE OF THE AGENT BASED INFORMATION RETRIEVAL SYSTEM 
As mentioned previously, the Grasshopper agent platform is used because of its advantages as noted in Section 2. To 
begin with an agency is created on each participating machine. Every agency belongs to a particular region. The 
required agents are then created for each agency. Each agency has to be registered with the region that it belongs to. 
When agents are migrating to other locations, they communicate with other regions to locate available agencies and 
their corresponding agents on the target machine. 

For further reference please view Figure 3 below. As explained earlier, the user inputs the query (in this case the 
SELECT command) in the dialogue box and clicks on the OK button. The Administration Agent then creates the 
child Database Agent and migrates to the target machine (in this case the default machine) and the results of the 
query are returned back to the user. 

2 

3 

Child 
Agent 

DB3 

l 

Figure 3: An Example Using the Proposed Model 
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Currently many companies are storing a very large amount of data in their databases. The databases are then being 
used in a distributed environment. To facilitate efficient data mining there is a need for a more efficient information 
retrieval system. This paper has proposed an agent-based information retrieval system. The mobile agents 

. execute in parallel to accomplish information retrieval. · 

Drawbacks of the proposed model and po~sible future work are: 

• The Administration Agent is not always optimally efficient because at times replicated information is 
retrieved by more than one child agent. There is a need to optimize the Administration Agent so that it 
keeps track of child agents more efficiently and correctly. · . 

• . If multiple queries are to be executed sequentially on the same target mafhine then a datab~se connection is 
currently created per query. Instead of child Database Agents creating and carrying around database 
connection information it would be more efficient to use stationary listening agents that reside at each 
database and provide information to Database Agents. 

• The proposed model has only been tested and molded to work with relational database systems; however 
ideally the model should be able to work with any type of database. 

· • A single GUI cannot handle multiple queries. 
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HEADING SENSOR INTEGRATION WITH AN ELECTRONIC MOVING MAP SYSTEM 

Stephanie S, Edwards, Marlin L. Gendron c;1nd Maura C. Lohrenz · 
Naval Research Laboratory, Stennis Space Center 

INTRODUCTION 
An electronic mapping system, installed on a vehicle, can provide an accurate and visual depiction of the operating 
environment to the vehicle operator. This enhanced situational awareness (SA) is useful in critical decision-making 
and operational safety. The Naval Research Laboratory (NRL) has developed and tested a moving-map (MM) 
system based on commercial-off-the-shelf (COTS) hardware and government-off-the-shelf (GOTS) software for 
amphibious ·assault vehicles. The MM system consists of a computer, display and soft_ware depicting the position of 
the vehicle, obtained via the Global Position System (GPS), as an icon overlaid on a geo-registered map. This 
configuration can be run in either north-up or track-up mode. In north-up mode, the map is always displayed with 
north at the top of the display, and the icon moves as the position of the vehicle changes. In track-up mode, the map 
moves as the direction of travel changes with the forward direction at the top of the display. In this mode, the icon 
remains stationary over the moving map. 

BACKGROUND 
A common problem with many MM systems is that when the vehicle is stationary, the icon on the MM display will 
begin to randomly spin while in north-up mode, or the entire map will spin while in track-up mode due to a lack of 
independent heading information from GPS. The method that most GPS devices use to obtain heading is by using a 
formula, based on the current location and the last location of the device. When the two locations are the same, or 
very close, an error occurs, giving erratic heading information that can vary a great bit from one second to the next. 
This causes the MM system to believe that the heading is actually changing dramatically, when, in fact, the actual 
heading may not have changed at all. The resulting spinning icon or base map may cause operator disorientation 
and loss of SA. 

The standard mathematical equation to derive true heading from two known points is: 

xsm 2 . -i(sin{y- y')J 
2 180 

x--
,r 

x = starting longitude x' = ending longitude 

y = starting latitude y' = etiaing latitude 

As defined above, when the difference in longitude is zero, or when the points are so close that any difference is lost 
in round-off error, the equation reduces to: 

tan - x---1(0J 180 
0 ,r ' 

which is undefined since there is an attempted division by zero. 

Approach 
To correct this problem, NRL investigators integrated a COTS magnetic heading sensor into the MM system. For 
this purpose, a Furuno PG-1000 Magnetic Heading sensor was used. This device was chosen because of its 
availability and price. It should be noted here that COTS devices were used instead of standard military navigation 
devices because of their availability and overall cost-effectiveness. Their use in NRL tests and demonstrations does 
not imply that they are more rugged or more accurate that GOTS devices. The task of NRL was to combine GOTS 
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and COTS hardware and software in order to develop a cost-effective demonstration product. This particular 
hardware combination is not meant to be fielded, but only to ~emonstrate the effectiveness of such a system. 

NRL MOVING MAP SYSTEM 
The original NRL Moving Map navigation system integrates COTS, DGPS hardware with GOTS moving-map 
software. Table 1 lists system hardwar~ and software components. The system includes a DGPS antenria and 
receiver capable of establishing exact position within 5-meter accuracy. A computer running the Falcon View 
program, a component of the Portable Flight Planning System (PFPS) software suite, processes the DGPS data. The 
system can be loaded with a full range of military standard format charts from the National Imagery and Mapping 
Agency (NIMA), the National Oceanic and Atmospheric Administration (NOAA), and various conversion chart 
imports (such as geo-rectified GEOTIFF formats) of other non-military standard commercial products. Overlays 
( e.g., lane geometry) can be used to enhance situational awareness. Figures 1 and 2 show an example of a complete 
lane and a zoomed-in view that the driver might use, respectively. 

Falcon View (PFPS) 
Furuno DGPS antenna Headin Sensor Inte ation Software 

1 Nauticom dis la - 10.4" 

Figure 1 - Lane Geometry Figure 2 - Zoomed-In View 

The following is a des_cription of a sample setup in an Amphibious Assault Vehicle (AA V). The computer and 
DGPS receiver are located in ~e aft of the vehicle. The computer is contained in a water-resistant case (figure 3), 
and s_ec~ed to the starboard side troop bench. This configuration is for a prototype installation, as the system 
location 1s not currently reasonable for actual military operations. The display is attached to the driver hatch with 
an adjus~ble moun!ing: The DGPS antenna is l~cated just forward of center on the outside of the vehicle. Figure 4 
shows all of the maJor hard":'are components, to mclude the added magnetic heading sensor, which will be described 
~n detail late_r._ Figure 5. shows the driver's display, with the AA V driver hatch open. Figure 6 shows the display as 
1t appears· ~urmg actual operation. . 
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Figure 3 - System Location 

Figure 4 - H_ardware Components 
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Figure 5 - Display (Open Hatch) Figure 6-Display (Closed Hatch) 

INTEGRATED HEADING SENSOR 
To correct the spinning display/icon problem discussed earlier, NRL investigators decided upon a magnetic heading 
sensor manufactured by Furuno, the PG-1000. Because of the AA V's non-ferrous hull, a magnetic heading sensor 
was deemed appropriate and necessary. Because Falcon View does not, at present, support more than a single input, 
NRL investigators had to write C code to integrate both the location information from the GPS and heading 
information into a single stream to send to the Falcon View program. This integration software was run in the 
background, on the same computer as Falcon View. Each device (DGPS and Heading Sensor) was connected to the 
computer by USB ports. The developed software took input from both USB ports, mated the input, and sent the 
integrated stream out a third USB port. The new input was then taken in at the serial port, from which the 
Falcon View program was set to receive. 

DGPS In 

Combined String 
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CODE SAMPLES 

idComDev = CreateFile ("COM6", GENERIC_READ, 0, NULL, OPEN_EXISTING, 
FILE_ATTRIBUTE_NORMAL, NULL); 

idComDev2 = CreateFile ("COM7", GENERIC_READ, 0, NULL, OPEN_EXISTING, 
FILE _ATTRIBUTE_ NORMAL, NULL); 

idComDev3 = CreateFile ("COMI ", GENERIC_ WRITE, 0, NULL, OPEN_EXISTING, 
FILE_ATTRIBUTE_NORMAL, NULL); 

ReadFile(idComDev2, &d, I, &bytes_read, NULL); 
ReadFile(idComDev, &d, I, &bytes_read, NULL); 

. Process and combine data 

WriteFile (idComDev3, nmea, size, &bytes_ written, NULL); 

CONCLUSIONS 
NRL successfully integrated a magnetic heading sensor into an existing Moving Map system. _This resulted in better 
situational awareness for the vehicle driver. This also led to better overall accuracy during test runs as compared to 
those made without the heading sensor. The added processing time was minimal, and not noticeable to the human 
eye, which was a goal for investigators at NRL. 
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AN EXPERT SYSTEM BASED DECISION SUPPORT TOOL FOR SYSTEM IMPROVEMENT 

Lotfi K. Gaafar and Mamdouh El Oufy 
The American University in Cairo 

ABSTRACT 
This paper present~ an expert system-based decision support tool that is designed to help system improvement teams 
identify the appropriate tool(s) for a given situation. The system further provides a tutoria_l on the application of the 
identified tools. The expert system and the tutorial are based on classifications and examples available in the 
literature. It covers more than 45 system improvement tools. The system was fit;Jd-tested in a univ~rsity environ
ment and proved to provide many practical benefits. Res~lts of the field test have also pointed out many possible 
improvements. 

INTRODUCTION 

Continuous improvement has become a common requirement in system development. Plenty of tools and 
techniques exist, and are being developed, to support continuous improvement. Tague (1995) counts more -than 50 
different tools. Anderson et al (1999) lists about 25 more. The plethora of tools makes it.difficult for improvement 
teams to choose the right tool to use in a given situation. Even if the right tool is identified, it is usually difficult to 
master the tool within the limited timeframe binding improvement teams. 

To address this problem, this paper presents a decision support system (DSS) to help system improvement teams 
identify the appropriate tool( s) for a given situation, and provide a quick and effective tutorial on the application of 
such tool(s). A rule-based expert system is at the heart of the developed system providing the required guidance on 
the appropriate tool. An Expert system is a computer program that shows a degree of expertise in problem solving 
that is comparable to that of a human expert (lgnizio 1990). It does so by capturing human expertise in a know
ledgebase that could be continuously updated. In its current implementation, the system supports 46 tools and 
utilizes 37 rules to recommend the appropriate tool for a given situation. The expert system is developed using the 
ReSolver shell (MultiLogic 1997) and is directly linked to a tutorial developed in ToolBook II Instructor (Asymetrix 
1999). 

In the remainder of this paper, Section 2 reviews the literature on DSSs for quality improvement. Both traditional 
and expert system-based DSSs are covered. Section 3 overviews the developed DSS and describes its classification 
scheme. It also includes a description of the two main components of the DSS: the expert system and the tutorial. 
Section 4 covers the field test of the DSS and Section 5 introduces the final conclusions. 

QUALITY IMPROVEMENT DECISION SUPPORT SYSTEMS 

A decision support system (DSS) is a system used to support managerial decisions. In the context of the presented 
research the decisions supported relate to the appropriate choice of a system improvement tool and the appropriate 
application of the chosen tool. Utilizing expert systems for total quality management (TQM) activities has been 
re_comme:nded by Em~ and Karathanos (1996) as a way to effectively manage processes under dynamic business 
conditions. 

Wincheli and Chugh {1989) presented a prototype expert system that is used for generic quality improvement. The 
system can recommend improvement tools from a limited set of tools including cause-effect analysis, force field 
analysis and quality function deployment. The system is based on a classification scheme that begins in a generic 
way and proceeds in a more specific approach. The first part of the classification differentiates between a defective 
product and a poor offered service. The prototype system was tested within a university environment and the 
authors suggest that the prototype should be further tested in an industrial setting. 

Willborn (1990) developed prototype expert systems that explain the major features and potentials of different 
· quality management areas in various industries. These prototypes can be used to determine the suitable statistical. 
process.control chart, monitor processes, and trace root causes and corrective action. All prototypes were tested and · 
applied by users in large and small companies in North America, China, and Europe. · 
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Frerichs (1991) presented an expert system integrated with a statistical process control (SPC) package that can be 
used by normal operators to identify the possible causes of problems, and ways to take· corrective actions. The 
advantages of the_ system is that it provides an early warning that allows the user to fix the problem before it 
proceeds and causes major impacts. 

Franz and Foster (1992) presented an expert system-based decision support system designed to help in the process of 
initiating total quality management (TQM) within an organization. The system is based on the transformation 
through strategic improvement tools, a process that provides a mechanism for both determining the current and 
desired state of quality, and providing limited information on the tools and techniques to reach that state. The DSS 
helps the decision maker determine where improvement is most needed in the organization. 

Hope and Wild (1994) developed an expert support system (ESS) to help managers identifying problems and collect 
the required data to improve service quality. The expert system is designed to work with incomplete fuzzy data, and 
offer explanations to the user on the ques~ions presented. Only a prototype of the system was implemented. 

Tsacle and Aly (1996) describe the development of an expert system designed to advise hospital personnel on how 
to control their processes effectively using different types of control charts. 

Paladini (2000) described a structure of a Decision Supporting Expert System (DSES) to help with decisions related 
to the preliminary activities for inspection development - most of them relating to determining of the need or 
convenience of carrying out the inspection itself. Once the opportunity to carry out inspection is defined, the expert 
system helps the user to select the type of inspection to adopt from amongst: ( 1) automatic or sensorial inspection, 
(2) inspection by samples or complete populations, (3 )' acceptance or rectifying and, ( 4) inspection by attributes or 
by variables. 

Spengler et al. (1999) proposed an expert system that assists in the selection of the appropriate quality tools and 
techniques for quality improvement. The system is based on the Plan-Do-Check-Act (PDCA) cycle. The authors 
suggested that in order to .develop a structured classification of the tools, the PDCA cycle should be translated into 
several stages that will represent the different stages present in the expert system. These stages are: company 
evaluation, problem identification, causes identification, generation of solutions, selection of most suitable solution, 
implementation of solution, evaluation of solution, and follow up. The system presented in this paper follows the 
POCA cycle, but uses different stages. 

SYSTEM OVERVIEW 

Classification Scheme 
The classification scheme presented in this paper is based on Deming's POCA cycle in a manner similar to that 
developed by Tague (1995). Some modifications are introduced to increase the discrimination power of the scheme 
to provide the user with a single tool recommendation. The classification by Tague sometimes results in a 
recommendation of ten different tools with no indication of appropriateness. In the system presented in this paper, 
tools are classified based ·on four major attributes. The first attribute relates to the stage of the PDCA cycle each 
tool may support. The POCA is further divided into smaller stages as shown in Figure 1. Of course, many tools 
support more than one stage. · 

The second classification attribute is the purpose, which includes: generate ideas, organize ideas, prioritize ideas, 
evaluation, narrow down list of choices, collect data, model a process, and analyze possible causes. Again, a tool 
may serve more than one purpose. 

!he third classification attribute is the type of analysis, which can be either detailed or sketchy. Some of the 
improvement tools provide a detailed type of analysis, which may require more time than other tools that provide 
sketchy analysis. A tool is either detailed or sketchy. 
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Figure 1. Improvement Stages covered by the first attribute. 

The fourth classification attribute is the team size needed to utilize the tool. While some tools may be applied by a 
single person others require a medium or a large group. Accordingly, this attribute has three possible values: single 
person, three ~o five, and more than five. Clearly, a tool that could be used by a small group or an individual may 
also be used by a larger group. 

Table 1 shows a sample of the tools classified according to limited values of the first attribute 

Table 1. Classification of some tools following the 'define objectives' stage. 

Purpose Generate ideas Organize ideas Evaluate 

Type of analysis 

. D - Detailed analysis, S - Sketchy analysis 
· F --- Few team members, M - Many members, 0 - one person 

Narrow down list 
of ideas 

It is clear .from Table l that the four attributes do not result in a complete discrimination among all tools. Further 
attributes are used for that purpose depending on the values of the first four attributes. 

The Expert System 
As mentioned earlier, the expert system was implemented using the ReSolver expert system shield (MultiLogic 
1997). The rules are directly driven from the classification scheme mentioned in the previous subsection. Figure 2 
shows the Re Solver interface with the rules implemented as a decision tree. Figure 3 shows a partial list of the 
co'vered tools implemented as possible goals in ReSolver. In a typical consultation session, the user responds to 
various ReSolver questions. These responses determine values of corresponding attributes that are evaluated using 
the knowledgebase by the inference engine to reach one of the goals (tools). Many attribute combinations may not· 
have a valid tool. In such cases, the system will respond with the message "no tool available", with an explanation 
option. In some situations this may be a result of the user specifying sketchy analysis when only a detailed analysis 
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tool is available. In other cases, the team size may be the cause for no tool availability. In all cases, the explanation 
facility allows the user to mo9ify his/her responses to the various questions to get a different conclusion (reach a 
different goal). Once a valid goal is reached, the user may click a link to access the tutorial to learn more about the 
selected tool. · 

Figure 2. The expert system's decision tree. 

66 



Proceedings of the 2004 IEMS Conference 

Figure 3. The expert system's goals. 

The Tutorial 
The tutorial part of the system covers all tools included in the expert system. It is developed using ToolBook II 
Instructor (Asymetrix 1999). Figure 4 shows the homepage of the tutorial with a partial listing of the covered tools. 
Coverage of each tool follows the approach presented by Tague (1995) and includes six aspects: overview, when to 
use, procedure, variation, considerations, and an example. Figure 5 shows a sample tool with the procedure 
displayed. The bottom of the screen allows the user to move freely among the various aspects. 

TESTING 
The system was implemented and tested in a university environment. It was used by individuals wanting to learn 
more about system improvement tools and by teams carrying out improvement projects. Feedback from users 
indicates that the system is very useful for improvement teams as well as for individuals wanting to learn more about 
improvement tools at their own pace. Based on user input, the expert system will also be implemented in ToolBook 
II Instructor and will be.modified to recommend more that one tool for a given situation with an indication of degree 
of suitability. It was found that just as recommending too many tools was not helpful, recommending a single tool 
may, in many cases, be· too_ restrictive. 
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Figure 4. The tutorial's homepage . 
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Figure 5. Example tool screen. 
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CONCLUSIONS 
This paper introduced an expert system-based decision support system for identifying appropriate improvement 
tools for system improvement with a complementary tutorial on all tools. The system is designed to support the 
efforts of improvement teams in various organizations. Tool classification and tutorials are based on the work of 
Tague (1995) with some modifications. The system has been field-tested and many changes are planned. First, both 
the expert system and the tutorial will be illlplemented on the same platform. This will simplify the system 
expansion to add new tools. Second, the design will be modified to allow the system to recommend more than one 
tool when appropriate. These alternatives will be accompanied with a measure of appropriateness indicating to the 
user how close each recommended tool matches the situation specified (attributes combination). This change was 
recommended because sometimes user's input is an inaccurate reflection of the real situation, and even tough a good 
tool is recommended for the described situation, it may not be the best for the real ~ituation. Provid~g close 
matches is expected to reduce this problem. 
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SMART SERVER: INTEGRATING INTELLIGENCE INTO A WEB SERVER 

Jean Gourd, John Heath, Paulus Wahjudi, Dia Ali and Maria Cobb · 
University of Southern Mississippi 

ABSTRACT 
The Internet is enormously popular and reaches much of the developed world. It has many components, of which 
the World Wide Web is the largest and fastest growing. In order for the Web to function efficiently, there must be 
countless web servers in operation throughout the world. We propose the assimilation of intelligence into a web 
server which would improve its performance, thus making it more efficient. A smart server would learn and 
subsequently adapt its components and behavior in order to optimize its response time. In addition, it would 
increase its security and reliability by utilizing a hierarchical security scheme. 

INTRODUCTION 
There is an abundance of web servers throughout the world. Moreover, any individual can download a variety of 
web server software at no cost and install it on their personal system. This allows them the opportunity to serve 
their own documents on the Web, although often intermittently due to the temporary nature of their Internet 
connection. Given the amount of people using the Web, it is no wonder that we often suffer Internet traffic 
bottlenecks at peak times every day. Consequently, given the amount of web servers in existence, making them 
more efficient would certainly have its advantages. 

Making a web server "smart" by integrating intelligenc,e would make it more efficient. Granted, "efficient" is a 
fuzzy term in that it means different things to different people. Nevertheless, we can undoubtedly agree that if a 
web server is faster, or if it can serve more clients in the same amount of time with the same hardware resources, 
then it is likely more efficient. "Intelligence" is, of course, another fuzzy term in itself. We do not propose to 
assimilate artificial intelligence into our web server; our goal is not to attempt to make the computer behave as a 
human would. Rather, we intend to integrate computational intelligence, which is to say that we wish to provide our 
web server with a certain set of general rules to go by during its execution. Furthermore, we want to make sure that 
our smart server can learn by experience. The more our smart server is operational, the more it should learn and 
ultimately adjust its behavior of operation accordingly. 
When I was first introduced to the idea of a smart server, I immediately began to think of what I believe would make 
a web server "smart." I quickly realized that I first needed to make sure I knew exactly what a web server was in the 
first place. Therefore, I decided to create one myself and wrote my web server in Java which made things fairly 
simple. _I quickly realized that a web server is essentially a "dumb" application. It simply waits for connections 
from clients, determines their requests, and fills them if possible ( see Figure 1 ). 

Fig. 1 - Client-Server Interaction 

Once a working web server was written, and I observed it in action, I immediately saw numerous possibilities which 
I feel would produce a "smart" server and established what my smart server would ultimately do. I list them here 
and detail them later in this paper. In theory, I concluded that a smart server wbuld implement the following: 
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• Load balancing 
• A hierarchical security scheme 
• Local and remote file buffering 
• Server redirection 
.• A movable expert system 
• Its "smarts" as a module 
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Implementing all or· some of the aforementioned would certainly be advantageous. As a result, a smart server would 
be: 

• More efficient 
• Able to learn as it operates 
• More secure (prevent hostile attacks) 
• Detect bottlenecks and shift some of its load to relieve the burden 

. OUR SMART SERVER . 
Currently, we have a barebones web server written in Java. Few of the items we propose I1,1ake a web server "smart" 
have presently been implemented. As this is an ongoing project, we plan on shortly implementing some of the ideas 
we propose, while designating others as intended for later research. Clearly, some of the ideas can be assimilated 
with ease, especially due to our choice of Java for the language, while others require more in-depth research, 
sophisticated equipment and experimentation. 

LOAD BALANCING 
There are numerous ways to implement a load balancing algorithm and discussing any in depth is beyond the scope 
of this paper. In general, however, a single server in a system of servers may be used to handle load balancing as the 
master of a number of slave servers. Each time a client connection is made, a new instance of the load balancing 

. server is created and the client request is redirected to an appropriate server in the system. Another method is to 
have a separate set of machines that act as the "load balancer," accept all traffic and redirect it to an appropriate 
smart server (see Fig. 2). Conceivably, we could utilize mobile agents to our benefit here. For instance, given a 
system of one hundred smart servers of which twenty are in use, if the load balancing system determines that five 
more servers are needed to handle the traffic, it could send a mobile agent to five inactive servers with instructions 
to activate themselves. Once accomplished, traffic could then be redirected to the newly activated servers. 
Similarly, this process could be utilized to temporarily deactivate servers that are not needed. 

Fig. 2 - A "Smart" Load Balancer 
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HIERARCHICAL SECURITY SCHEME 
The idea of "keeping the baq guys out" is necessarily an important one. The issue of security is one of obligation 
and is of utmost importance when considering a web server to be "smart." Above all else, a smart server should be 
capable of protecting itself to some degree. 

A simple way of partly implementing a security scheme is to parse the input received from a client. In order to 
accomplish this, we will implement MIME header rul.es in our smart server. Rules which define what we deem 
acceptable in a MIME header will have to be generated. As shown in Fig. 3, we have two variables: one stores the 
number of bytes received from the client and the other stores the number of records received from the client. 
Naturally, we will have accepted values for each, and any time our server receives a MIME header or MIME record 
(part of a MIME header) that is out of the accepted range, we will immediately reply with an error and close the 
socket. · 

. Fig. 3 - MIME Header Rules 

This brings to mind the Code Red worm which affected Micr9soft's IIS web server. Essentially, if the server 
received a request that was longer than it could handle, it would take care of the part it could handle and 
subsequently execute the remainder of the request. The worm exploited this fault in Microsoft's server by attaching 
malicious code to the end of a legitimate request. The server handled the legitimate request and then executed the 
malicious code . .The rules we will implement in our smart server will take care of this issue. 

Another responsibility of the security scheme will be to prevent denial of service attacks. We will do this by 
maintaining IP address black lists and grey lists and by implementing a multi-level user lockout system (see Fig. 4). 
Once again, we would like to involve mobile agents within the local network. The idea is that all un-trusted users
in general, all anonymous clients-are automatically placed in the grey list. After a predetermined number of 
requests that the server can not satisfy-404 Not Found errors for example-the client is then placed in the black 
list. At this point, connections from this client are still allowed, but they are terminated immediately if detected. 
There will be an increase in efficiency, since the server will not have to look for a request it can not fill. 
Continuously going to disk to search for a document that is not there is a costly proposition. Furthermore, if a 
blacklisted client continuously tries to connect to the server, it will eventually be blocked from connecting to the 
server altogether at a separate level. The server will do this by sending a mobile agent to a machine or hub (some 
entity) which is further up the network with instructions to deny the client connection at that point. Another method 
is to have the web server automatically send an e-mail message or a page to a system administrator who ·can block 
the client at the higher level. At this point, the server will never see a connection attempt by the client. Of course, 
this lockout could be temporary and expire after a predetermined amount of time. However, the server will not 
for~et that a particular client was previously blacklisted, and any subsequent, similar activity will prompt analogous 
action by the server, although perhaps with permanent repercussions. 
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Fig. 4 - Client IP Rules 

LOCAL AND REMOTE FILE BUFFERING · 
If every time a client requests a. particular document, it subsequently requests the same supporting documents, then 
the smart server should learn from this and ultimately have the items ready in anticipation of the ensuing requests. 
For example, if a client requests an HTML document which contains several JPEG images, you can bet that the 
iPEGs will be requested every time the HTML document is requested. Our smart server should, in time, recognize 
this and have the JPEGs cached and ready for immediate transfer. Perhaps we could implement a single socket 
connection which would send all supporting documents to the client at one time. 

This could also be done for popular links within an HTML document. For instance, if 85% of all the clients who 
request a particular HTML document subsequently request a hyper link it contains ( which points to another HTML 
document on the smart server), then perhaps it should be cached as well in case the client requests it. This could be 

· extended to caching links that are outside the local domain; however given the scope of such a proposition, this 
should perhaps be limited to one level outside the local domain. An advantage here is that if a popular remote Web 
document is cached (such as CNN's homepage), and if the Metropolitan Area Exchange (MAE) centers are 
bottlenecked, then clients requesting that document will not be affected by the bottleneck. MAE centers are main 
switching centers where major carriers and providers exchange information over the Internet. During peak times 
each day, they are often-bottlenecked. 

SERVER REDIRECTION 
If our smart server is a part of a system of servers, then it should be able to determine which server in the system is -
more efficient (in most cases, faster) for the client. The idea is that each server knows its position as well as the 
location of all other servers in the system of servers. Once a request has been made to the server, it should make a 
determination of the best server in the system for the client. This could be a server that is closer to the client or one 
that is experiencing less traffic at the moment. Once the determination has been made, it will redirect the client to 
the appropriate server. This can be done dynamically by altering the content a smart server sends to the client. For 
example, any hyperlink .that points back to the original server can be changed to point to the more efficient server. 
Subsequent requests by the client will be sent to the new server. Determining the more efficient server for the client 
should be a continuous process-albeit at regular intervals--executed by all servers after receiving a target number 
of request~ frorri a client. · Ideally, this determination should be made after receiving the first request from a client · 
and subsequently after ten or twenty requests from the same client. · 

A MOVABLE EXPERT SYSTEM 
An expert system can be implemented in many different ways. In the case of our smart server, we use a set of rules 
that execute when certain facts are fired. In Fig. 5, you can see that Java Beans is used as the interface between the 
server and the expert system. Java Beans is a set of platform-neutral API's that allow Java objects to "plug in" to 
other object models. The R~te Algorithm is utilized as the go-between between the facts that fire and the subsequent 
rules that need to be executed. 

In one case, perhaps our expert system resides on the separate load balancing system. At some point, suppose its 
CPU is needed for more important tasks (such as load balancing). We can move the expert system to another 
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machine in the system, perhaps even a server (see Fig. 6). This may be temporary, in which case the expert system 
would ultimately end up whe~e it began. Once again, we can implement the use of mobile agents. For instance, a 
mobile agent could be sent to the target machine with instructions to ~reate a new instance of the expert system. 

Rete Ati9rith,rn fire 

Fig. 5 - A Movable Expert System 

Web Serve~ 

Fig. 6 - A Movable Expert ~ystem 
This move of the expert system can be undone when necessary. Moreover, the expert system can continuously be 
moved to other machines when required. Given a system of smart servers, the expert system could conceivably be 
moved to any server and back to a l~ad balancing machine if desired. Another idea is to actually have a separate 
machine specifically reserved for the expert system. 

"SMARTS" AS A MODULE 
Our smart server will implement its smarts as a module. After all, the main purpose of our smart server does not 
differ from that of a standard web server. However, in order to promote encapsulation and good program structure, 
maintain an object-oriented approach, and facilitate maintenance and extension, separating the "smarts" from the . 
server is essential. 

THE NEXT STEP 
Currently, we have a web server written in Java. A few of the simpler "smart" ideas have been implemented, 
~ecifically in the area of request parsing: some MIME header rules have been applied. The next step is to 
implement the following: < 
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• The first stage of the hierarchical security scheme: more rules regarding parsing the MIME headers and 
maintaining the client IP lists 

• Local file buffering 
• The first stage of load balancing: redirecting traffic to other servers in the system 

• · Implementing the "smarts" as a module 

FOR LATER RESEARCH 
Some of the items we propose require more research, while others require facilities and equipment that are not 
currently available to us. With this in mind, we hold the following items for the moment, but plan on implementing 
them in the future: · 

• Using mobile agents in load balancing . 
• Using mobile agents in the hierarchical security scheme 

• Remote file buffering 

• Implementing server redirection 

• Implementing the movable expert system 

CONCLUSION 
We believe that implementing the ideas suggested in this paper will produce a more efficient web server. Moreover, 
our smart server will be more secure than a standard web server. However, perhaps the most important aspect of our 
smart server will be its ability to learn as it operates and adapt its behavior to reflect what it has learned. Ultimately, 
the goal of this project is to create a web server that will be more suited to satisfy the client in a better way. In fact, 
our clients deserve the best, fastest response possible. We believe that implementing the ideas proposed in this 

. paper will do just that. 
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GAP ANALYSIS OF DEVELOPED MODELS FOR AN AVIATION 
TECHNOLOGIES DECISION SUPPORT SYSTEM. 

Na than Greenhut and James T. Luxlwj 
Rutgers University 

ABSTRACT 
Gap Analysis provides a method to calculate general statistics from Bayesian Belief Networks (BBN). Aggregation 
of information across many models allows a risk analyst to determine which areas of the models are robust. Many 
advantageous results may be derived from Gap analysis, such as overall statistics and drill-down information about 
individual or groups of models. Preliminary results would advise a risk analyst what technology products need more 
developed models to reduce their overall computational sensitivity. 

INTRODUCTION 
To facilitate knowledge transfer in the fast-paced world of aviation, the field requires an exhaustive method to 
extract information from models. Furthermore, it is necessary to disseminate critical results and findings effectively. 
The Aviation Safety Risk Model (ASRM) is a decision support system that evaluates impacts of new technologies 
utilizing Bayesian probability theory and Bayesian decision theory. The Human Factors Analysis and Classification 
System (HFACS) and NASA's individual aviation products are used in a general analytic framework to determine 
the relative and absolute improvement of individual and multiple technology combinations. Each causal factor is 
connected by vertices that capture the probabilistic interdependencies among the nodes (vertices are referred to as 
links throughout this paper). The methodology solicits-models that are used in conjunction with the ASRM to 
discover useful information about NASA's technology portfolio. Information obtainable from the methodology, but 
is not limited to the following: summary statistics, prioritization, indirect affects, and sensitivity analysis of how 
each product affects causal and accident factors 1

•
2

•
3

•
4
•
5

•
6 

A Bayesian Belief Network (BBN) with HF ACS or some other non-human cause (ovals) and products (rectangles) 
is displayed in Figure 1. When the products are introduced into the BBN, the model is referred to as an Influence 
Diagram . . The products can only be in a state of on or off. 

Figure 1: Influence Diagram for the A~RM 

~he Bayesian Belief Network contains nodes that are iinked to one another in a probabilistic fashion. These 
linkages encapsulate the dependencies among the nodes. Each model in the ASRM is built by using accident 
synopses, books about the accident, and/or NTSB reports. After review by subject matter experts; the model is fully 
quantified during the conditional probability elicitation process. Each node·is designated by either the HFACS 
taxonomy conceived by Shappell and Wiegma~ (2001) or some other non-human cause, such as weather. The 
taxonomy not only assists in the construction of the model, but also facilitates the performance of the Gap Analysis. 
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Without this standard classification system a significant amount of effort is required to render the Gap Analysis. 
Since HF ACS is used in the military, commercial, and general aviation sectors, this systematic approach of 
uncovering the hidden human causal factors offers a method to evaluate future safety and security technology 

. integration. 10
•
11 

During risk assessment, certain milestones must be achieved, in both the information gathering and results/feedback 
section of the procedure. Gap Analysis must be performed often to determine out what safety goals are met and 
where additional research must be accomplished in the near and long term future. Automating a Gap Analysis 
becomes critical as the number and the complexity of the models grows because the efforts involved with Gap 
Analysis will grow exponentially. Also Gap Analysis provides necessary answers to a myriad of overall queries 
from the models. The first results from the Gap analysis show the areas where future research may reduce the 
computational sensitivity of the models. ., · 

AvSP TECHNOLOGY SUITE 
In 1997, the NASA in partnership with the FAA launched the Aviation Safety Program (A vSP) to develop 

. technologies that would reduce the aviation accident rate by a factor of 5 by 2007 (ASIST 1997). These 48 
technology products are targeted to mollify mechanical, software, or human factor related issues surrounding 
aviation accidents to thus improve the safety of flight. Six out of the 7 technology suites aims to assess or avoid 
situations before an accident emerges. The remaining technology suite, Accident Mitigation (AM), is usually 
applied after the accident has occurred. All seven technology suites are elaborated below: 

• Aircraft Icing (Al) alerts pilots to discuss procedures and concepts about icing on aircraft. Experimental 
methods, computational tools, and atmospheric characterization technologies will be developed to ameliorate 
issues associated with Aircraft king (AI). 

• Aviation System Modeling and Monitoring (ASMM) provides decision-makers with an insightful method to 
monitor the performance and safety of the National Airspace System (NAS). This technology suite is aimed at 
analyzing data in to use in the assessment and simulation of system-wide risk for officials and Air Traffic 
Control (ATC). . 

• System Wide Accident Prevention (SW AP) addresses and ameliorates many of the concerns of human error 
and non-compliance. In excess of 60% to· 80% of accidents may be connected to human errors. There are 
products to assist pilots with cockpit automation and maintenance risk tools under development. 

• Single Aircraft Accident Prevention (SAAP) alerts pilots to loss of control and vehicle system failures. 
Automated recovery from unusual aircraft attitudes and vehicle health management sensors are encapsulated in 
this product suite. 

• . Weather Accident Prevention (WxAP) aims to reduce the negative impact of the atmosphere. Radar data is 
collected and compared to the true winds. A turbulence radar system for cockpit integration is also among the 
products in this suite. 

• Accident Mitigation;s (AM) main purpose is to reduce the death rate in survivable accidents. Energy 
absorb~g seats and dynamic crash analysis software are currently being developed. 

• Synthetic Vision Systems (SVS) creates terrain, obstacle, and airport databases for enhanced GPS/DGPS 
navigation. This suite addresses situational awareness and the safety hazard of limited visibility. 
(http://avsp.larc.nasa.gov/about.html) 

RESEARCH PROBLEM 
Tµe risk models developed_ for the AvSP product insertion into the ASRM facilitate a top-level evaluation of the 
interactions that occur across all models. Summary statistics must be created to have a better understanding of the 
interactions of the technologies so that remaining analyses can be evaluated. Each model and accident type may 
have different connections to technologies as well as having different nodes. Therefore, aggregate data from- · 
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accident models and categories must be rendered to gain a good· understanding of the work accomplished to date. 
Figure 2 displays the multi-~ase design of the ASRM that currently comprises 11 accident models. 

Controlled Flight Into Terrain 
CFiT CASES 

Case 1 LJ 
Case 3 

ase 

Loss of Control 
LOC CASES 

Ca~e 2 

Case 3 Case4 

Cas 1 _ 

Maintenance 
MAIN CASES 

Case 2 

Case 3 Ccse4 

Figure 2: Cases and Categories as of 12/31/2003 

Overall these technologies must be evaluated in numerous ways to determine the impact of a certain technology 
enhancement in the NAS. Through this paper a methodology to determine the interactions is revealed. In addition, 
a concept to determine the remaining work is proposed. The validation of the models requires the side-by-side 
comparison of the various combinations of technologies and nodes with a check-list. When the information-Gap is 
closed the robustness of the models may be determined. 13

• 
14 

RESEARCH METHODOLOGY 
Gap Analysis defined for the certification of software or a mechanical element is used in its general form to extract 
infonnation from the models. There is a three-step process to gain valuable information in a Gap Analysis: 
establish an. end-point, review all of the models, and to catalog information encapsulated in the models. The last two 
of the three steps are applied to the models in this paper. In order to establish an end-point, some future work must 
be accomplished, described in section 5. On the other hand, reviewing the models and cataloging the information in 
them is accomplished. The review of the model includes the standardization of the nodes and a complete listing of 
all of the technologies used. 11 

Since there are more than 10 people working simultaneously on the development of these models, the taxonomy 
provides the means to facilitate the cataloguing step. If standardization of nomenclature did not occur, there would 
be over 200 nodes, which reduced to 62 after this step. 

Two types of cataloguing are presented in this paper. The first type is the direct or parent cataloguing. A visual of 
this is displayed in Figure 3. Each direct and indirect link from a technology to a node is counted once in a matrix. 
If the node in Figure 3 has _a child, then there is a link to this child from this original node, and the technology can be 
considered a grandparent of the child. Figure 4 details this occurrence and is placed into a separate matrix from the 
direct links. · ~ . 

Technology ("Parent") 

Node 
("Child") 

Figure 3: Technology to Child Pictorial 
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. Technology . 
("Grandparent") 

= =-
= = 
== 

Figure 4: Technology to Grandchild Pictorial 

RESEARCH RESULTS/FINDINGS 

Node 
("Grandchild") 

This section presents results from the 11 models in the Controlled Flight into Terrain (CFIT), Loss of Control 
(LOC), and Maintenance (MAIN) related accidents. The section also describes a method for step one of the Gap 
Anaiysis: to establish an end-point. Figures 5 and 6 present the Gap matrices for parents ~d grandparents 
respectively. A list ofrelevant acronyms is included in the Appendix. 

Summary statistics are shown for parents and grandparent~ for a wide variety of nodes and technology products. 
Also, these summary statistics are used to calculate the overall number of interactions for product suites, or the 
different classes of nodes: Organization, Task/Environment, or Individual causes. 

· Parents 

Node Name Technology Name 
Air_Carrier_WS 

AMS 
APS 

CRM 

DE 

Deicing_ Ops 

Design_ Tech_Environ 

Environ_ Cond 

Exceptional_ Violations 
. FAA· . 

* See Appendix 
Figure 5: Partial Gap Matrix Parents of a Node 

N I \I: ,.., -, 
~ ~ 
~ ~ 
Cl) () 

:( 

As stated before, 7 technology suites are analyzed as the basis for this paper. The summary statistics display the 
parents and grandparents totals for each of the 7 technology suites (Figure 7). SW AP is analyzed 63 times as a 
parent and 114 times as a grandparent, in the 11 models. This is the largest number of analyses (177), followed by 
ASMM (95), SAAP (42), AM(l 7), WxAP (16), AI (16), and SVS (14). Figures 7, 8, and 9 show these values 
decomposed by parent(s) and grandparent(s) along with causal factors: Organizational, Task/Environment, and 
Individual. Also Figure 9 displays in yellow the technology suite count for accidents. Not only is this information 
vital to developing future BBNs, but it also extracts useful information about the current models as described above . . 
It is acknowledged that case selection will influence the results; nevertheless, the 11 accident models are 
"representative." 
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Grandparents 

Node . Name Technology Name 
Air_ Carrier_ WS 

AMS 
APS 
CRM 
DE 
Deicing_ Ops 
Design_ Tech_Environ 
Environ_ Cond 
Exceptional_ Violations 
FAA 

• See Appendix 
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Figure 6: Partial Gap Matrix Grandparents of a Node 
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. Figure 7: Example Summary Statistics for Technology Suites 
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50 

45 

40 

35 
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Number 25 

20 
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Grandparen·ts vs .. Factor 
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Figure 9: Grandparen~s vs. Suite Graph 

In order to determine an end-point to modeling the technologies for a given accident type the matrix above may be 
left blank and then completed by experts. Each node could be scored, from O (no relation) to 5 (highest relation), by 
an expert. This step would have to be accomplished in the future in order to gain insight into the end-point of a Gap 
Analysis. Figure 10 is an example of the proposed results of this type of evaluation. The total points may then be 
added up. After each model is complete, the number of points addressed over the total points provides a general 
number for the Gap Analysis work completed to date. 

* See Appendix 

Node Name Technology Name 
Air_Carrier_WS 
AMS 
APS 
CRM 
DE · 

-Deicing..:. Ops 
Design_ Tech_Environ 
Environ_ Cond 
Exceptional_ Violations 
FAA 

LO 
I 

(") 

I 
NI 
~ ::1 - I 

Figure 10: Partial End-point Gap Analysis Matrix 
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APPENDIX 
BBN - Bayesian Belief Network 
ASRM - Aviation Safety Risk Model 
HF ACS - Human Factors Analysis and Classification System· 
NASA - National Aeronautics and Space Administration · 
NTSB -National Transportation Safety Board 
AvSP- Avfation Safety Program 
AI - Aircraft Icing 
ASMM - Aviation System Modeling and Monitoring 
NAS-National Airspace System 
ATC - Air Traffic Control 
SW AP·- Sy~tem Wide Accident Prevention 
SAAP - Single Aircraft Accident Prevention 
WxAP - Weather Accident Prevention · 
AM - Accident Mitigation 
SYS - Synthetic Vision Systems 
GPS/DGPS - Global Positioning System/Digital Global Positioning System 
CFiT- Controlled Flight Into Terrain 
LOC - Loss of Control 
MAIN - Maintenance 
Air_ Carrier_ WS - Air Carrier Work Scope 
AMS - Adverse Mental State 
APS - Advers·e Physiological State 
CRM - Crew Resource Management 
DE - Decision Error 
Deicing_ Ops - Deicing Operations 
Design_ Tech_ Environ - Design Technical Environment 
Environ_ Cond - Environmental Conditions 
FAA - Federal Aviation Administration 
AOP A- Aircraft Owners and Pilot Association 
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DATA SECURITY USING ENCAPSULATING MOBILE AGENT: 
SUICIDE PROTECTION MECHANISM 

Junfeng Gu, Paulus Wahjudi, Dia Ali, John Health, and Maria Cobb 
University of Southern Mississippi 

ABSTRACT 
Network security is one of the biggest concerns in today's technology dependent world. Highly sensitive 
infonnation is transferred back and forth across networks that are subject to attacks at any given time. The concept 
of security is that only those users with the proper certifications should be allowed to access data. However, there 
are instances when data would need to be transferred over non-secure lines or channels. During transmission, it is 
possible that data routed into a hostile machine that does not have authorization to access that information would be 
retrieved. 

We propose an agent-based data security system designed to serve as an information carrier over an unreliable 
physical network. The agent system will have "messenger agents" that will carry data to the destination. There will 
be messengers with different security clearanc_es to accommodate the need for less or more security depending on 
the information carried. 

The proposed system contains intelligent mobile agent and is superior to the encryption only m~thod, because the 
agent will incorporate defense mechanisms to enable it to report that it has been breached and then commit 
"suicide". "Suicide Protection Mechanism" is the key property of data security using encapsulating mobile agents. 
After committing suicide, the agent and the message it was carrying are gone forever as far as the perpetrator knows. 
A simple and meaningless alphanumeric code will be sent back to the home agency and will be automatically cross
referenced to the database. Once the suicide message has been found, the sender will examine the security condition 
and consider a higher-level protection solution. 

The proposed system will not only decrease the overhead of maintaining expensive secure networks but will also be 
more resilient when attacked. People are constantly working hard to come up with new ways to get at information 

· that does not belong to them. The proposed system will make it that much harder for those individuals to succeed at 
that task. 

INTRODUCTION 
In data and information protection, the current encryption technology has many limitations and shortcomings, 
especially for protecting sensitive data. It is key-based approach, and the key is easy to decode and expose; whoever 
can acquire the key can control the data. Highly sensitive information is transferred back and forth across networks 
that are subject to attacks at any given time. The major problem is how do we protect the important data when the 
data is already captured by the hostile host? The encryption methods cannot do any thing for this problem. It is 
necessary to employ a higher security method for the important data ansf information. In this article, we present an 
interesting mechanism to protect captured data. 

Mobile agent structuring is an increa1?ingly practiced branch of distributed network [3]. We propose an agent-based 
data-security system designed to serve as an information carrier over a physical network, either secured or non
secured. The agent system will have "messenger agents" that will carry data to the destination. There will be · 
messengers with different security clearances to accommodate security depending on the information carried. 
Mobile agents are usually expected to execute in distributed environments, especially on the network. This openness 
makes messenger mobile agents particularly vulnerable. In this article, an agent-based encapsulating approach 
provides a high-level security method for data transportation. In the agent-based data transaction system, there is a · 
prerequisite that both the sender and recipient have instilled the Agent Executed Environment (AEE) that can make 
decompile become much hard than the previous ways of decryption. 

Many secure agent applications are emerging using the Java language and running on the Java platform. When 
building secure mobile agents on the Java platform, we need to design the underlying data object such as data 
encapsulation and type safety. There are some n~~ constructs for reporting, signing, sealing ( encrypting), guarding, 
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and ending life of Java objects. These constructs enrich the existing Java ·security APis so that a wide range of 
security-aware applications can be significantly easier to build [9]. · 

. . . 

We discuss the major issues "Suicide-Protection" that is encountered in a long distance data traveling. It is well 
known that the mobile agent has the ability to carry the data to a destination in a distributed network. In mobile 
agent systems, program code combined with some process state can autonomously migrate to new ho~ts. Despite its 
many practical benefits, the messenger mobile agent results in significant new security threats in the electronic way 
of traveling; that include the non- secure channels and malicious hosts. 

The "Suicide Protection Mechanism (SPM)" is the key property of mobile agent-based encapsulating security 
system. An agent has a "life", but it is not a real life, it just lost some electronic symbols and some time; the data and 
the agent can be copied easily from the sender machine. 

Since our goal is to prevent to data being captured by the malitious parties, Suicide-protection mechanism will erase 
all data and associated code when the agent detect the capturing. After committing suicide, the agent with it code 
and the message data are erased forever as far as the perpetrator knows. A simple and meaningless alphanumeric 
code will be sent back to the home agency and will be automatically cross-referenced to the database. Once the 
suicide message has been found, the sender will examine the security condition and consider a ~igher-level 
protection solution. 

We present several authentications of the capturing event, and provide the solutions of how to design the suicide 
mechanism. We believe that the Suicide-Protection Mechanis!ll will greatly improve the current level of the data 
security, and we will continue our coding and testing for the SPM design. 
In this article, we discuss the current security techniques first, the encryption methods include asymmetric and 
symmetric depending on the public key and private key to encryption and decryption. Then follow by the mobile 
agent technology, we present how the agent will carry the information, the different level of security and the action 
involved in it, and the encapsulating feature in the messenger agent, and the comparison these techniques with their 
advantages and disadvantages. Our conclusion is -that the Suicide-Protection mechanism is key property of data 
security using encapsulating_mobile agent. Lastly, we discuss the future research trend of the proposed approach. 

DATA ENCRYPTION 
When data exchanged electronically, the privacy of the data is a requirement. Nowadays, there are many on-line 
transitions by Internet; credit cord numbers and users account information are traveling in the network in anytime. 
The current data security technique is data encryption; the use of encryption restricts unintended recipients from 
viewing the sensitive data, which are deemed confidential and potentially dangerous if caught by irresponsible 
parties -- Industrial espionage, Hacker, and opponent. 

Encryption is the procedure of transforming the initial data, which can be read by anyone. The data can only be 
understood by someone with a secret decryption key. A message before being changed in any way is called 
plaintext. Plaintext messages are converted to ciphertext via some encryption method. A particular such method is 
called a cryptosystem [7]. 

Keys are the fundamental essential element in generating modem ciphertext. A string of bits used widely in 
cryptography, allowing people ·to encrypt and decrypt data; a key can be used to perform other mathematical 
operations as well. Given a cipher, a key determines the mapping of the plaintext to the cipher text. 
Encryption is a lot like garlic. It's a versatile part of many security recipes, but not to the exclusion of other 
ingredients. Companies have to consider many factors when considering encryption, like key size and the length of 
time they want to secure and store sensitive data. The current data security technique heavy depends on the key, for 
the regular data, encryption is practical and efficient enough; but for these very important data, there are many 
shortcomings and limitations in this approach. 

Encryption algorithms can be divided into symmetric and asymmetric encryption algorithms. In symmetric 
_ algorithms both the encryption arid decryption, keys are the same. In asymmetric algorithms, which are used for 

example in Public Key Infrastructure, the encryption and decryption keys form a key pair, in which the other key is 
a private key (which shall kept in secret) and the other is a public key. In symmetric methods, encryption is fast, but 
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key management can be difficult, for instance, it may be difficult to arrange secure way for distributing the keys. In 
asymmetric methods, distribut~on of the keys is easier but encryption is slow. . 

A combination of both methods is ofteri called as a hybrid. Symmetric ·encryption is used for encryption of the 
message or data itself and the asymmetric encryption to encrypt symmetric ertcryption keys. The hybrids make use 
of the advantages of both the symmetric and asymmetric encryption methods [6]. 

Asymmetric encryption is based on the usage of key pairs, whereas other part of key pair is public and another part 
is private. The keys are exchangeable, which means that a message encrypted with the public key can be decrypted 
using the private key and vice versa. For instance, an e-mail message can be encrypted with the recipient's public 

. key and the recipient decrypts the message with his or her private key. Since the recipient's private key is only in the 
recipient's possession, no third party is able to decrypt the message encrypted with the recipient's public key. 
Asymmetric encryption's advantage is the management of keys, as private keys need not to be distributed to the 
recipient. On the other hand, asymmetric encryption is time-consuming. Asymmetric encryption is also called as 
public key encryption. 

Symmetric encryption, allows message to be encrypted and decrypted using the same key. Compared to asymmetric 
encryption, the symmetric encryption is faster .. one disadvantage in symmetric encryption is that both the sender and 
the recipient must have an access to (same) encryption key. In other words, secure distribution of the (encryption) 
key b~tween the parties is required. The key can be distributed personally, for instance, in a diskette, or it can be 
delivered encrypted (asymmetric encryption) or it can be distributed in some other secure way; 
The most commonly used symmetric encryption method is 3DES, which is developed from DES (Data Encryption 
Standard; the DES algorithm as such is not securing enough for all purposes). NIST (National Institute of Standards 
and Technology) has presented the Advanced Encryption Standard (AES), which is expected to replace DES. The 
AES was originally developed for the U.S.A. government but the scope has enlarged also to other purposes 
worldwide. [ 6]. · 

Above information of the current data security technique is from the relative subject website. Secret-key encryption 
uses the same key (something like a password) to encrypt and decrypt a message, although a different key can be 
used for each message. The recipient of a secret-key encrypted message must have the key in order to decrypt the 
message. Because of this limitation, secret-key encryption is only useful for op.e-to-one communications where the 
identity of the recipient is known in advance. If the data have been captured by the unexpected parties, the sender 
cannot do any thing to protect the data. The key's size and length is limited, so it is easy to decode; and the sender 
only identifies the recipient by the password, not other ways else. However, in our proposed system, even the data 
has been captured into the hostile host, we still can protect the data - make it disappeared. It is seem impossible, but 
it can be implemented in practical applications by using a suicide mechanism is an agent-based system. 

ENCAPSULATING AGENTS 
Mobile Agent is a software agent is a program that works on behalf of a human user. A mobile agent has the added 
ability to travel autonomously from machine to machine on a network. Code mobility is a flexible and powerful 
mechanism that can be exploited to build distributed applications on the Internet . The agent application is aimed at 
building an infrastructure for mobile agent execution that incorporates security and robustness features as an integral 
part of the design [2]. Usually, the agent systems are being implemented using Java; it is a prerequisite that both the 
sender and recipient have installed the Agent Executed Environment. 

The agent paradigm offers. the promise of utility in many potential applications. For example, agents can be used for 
information carrying, searching, filtering and retrieval, and for electronic commerce on the Web, thus acting as 
personal assistants for their owners. 

SECURE MOBILE AGENT · 
There are many papers on security issues related to mobile code and agent-based systems. In particular, the 
researches address the problems of how to protect an execution environment against potentially malicious mobile 
code, and how to protect the mobile code against potentially malicious hosts and execution environments. In order 
for mobile agents to be accepted as a basic technology for enabling electronic .commerce, proper security 
mechanisms must be developed. r 
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Security mechanisms are thus necessary to safeguard hosts' resources. •Similarly, agents themselves need to be 
protected from their hosts, as an agent may carry sensitive information about the user it represents [2]. In this article, 
an agent-based data security system is designed to serve as an information carrier over a physical network either 
being secured or non-secured. The agent system will have "messenger agents" that will carry data to the final host. 
There will be messengers with different security clearances to accommodate the need for less or more security 
depending on how sensitive the information carried. 

The -mobile message program combines the program code·and the Information data. We ne~d to design the 
underlying data object such as data encapsulation and type safety. There are several constructs for signing, sealing 
(encrypting), reporting, ·and guarding the data objects. These constructs enrich the existing Jav"- security APis so that 
a wide range of security-aware applications can be significantly easier to build [9]. 

Code = Encapsulating Code + Examining Code + Reporting Code + Suicide function Code · 

Mobile-agent messenger systems must address four security iss~es: protecting the sender machine, protecting a 
group of recipient machines, protecting the data, and protecting the agent itself. In our article, we focus on the data 
traveling, so we mainly consider the data security. 

In our agent-based data transaction system, we design several powerful methods to identify the recipient; moreover, 
both the sender and recipient must installed the Agent Executed Environment (AEE) that can make the decryption 
become much hard than the previous ways. We use s keyless decryption approach, the code will act as the key, and 
make the decryption niore secure because to decode is much complicated than acquiring the secret key. 
The agent will incorporate defense mechanisms to enable it to. report that it has been breached and then commit 
"suicide''. After committing suicide, the agent and the message it was carrying are gone forever as far as the 
perpetrator knows. When the sender gets the report of the suicide, the system administrator should check the 
network condition, fix the security problem, and consider employing another high-level security approach. 

IINTELLIGENCE 
Intelligent mobile agents (IMA) are special-purpose movable programs with some human intelligence, which can 
help networking administrators, manage their personal information resources and activities. 

When the agent based data transformation system, already have the abilities of making decision, self-protecting, and 
detecting targets, we can consider the agent as an intelligent agent. The "intelligence" in our system is that the agent 
can detect whether the data is captured by the others· parties, and the agent have self-protecting mechanism. 
The intelligent feature is important in the future SPM design; the smart agent system includes multiple agents and a 
robust server. The system is able to handle the problem in complex situations: detect targets, recognize the targets, 
collect and return data, calculate data, and communicate with other agents in other nodes. These features will help 
the agent to make a better performance when it is being captured. 

SUICIDE PROTECTION MECHANISM 
In very few papers on agent-based security, several authors have mentioned the "end of the agent's life"; the term is 
only used a usual situation to terminate remote computations that are no longer needed. We found the term "take a 
suicide" only in [3], it was used to a very brief discuss for a "sick agent" that self-terminate; not for the agent' s 
reaction and the ·data protection when an attacker has captured a mobile agent holding a chain of encapsulated 
inforrriation. 

However, in tbi~ ·paper "Suicide-Protection Mechanism" actives only when the messenger agent has been caught by 
ari unexpected host. It is quite different with the "End of the life" in a normal condition. We have not found the other 
researches about the "Suicide-Protection Mechanism" in mobile agent security issue. 
In order to design the SPM, the most important part is to identify whether the receivers have the privilege to access 
data. Later, we discuss how to figure out an illegal receiver. 

The ill~gal recipients can be pro(?fed by: time stamp, the number ofreceiver, the position of the recipient and the 
machj.ne number. 

1) Most catching occurs before the agent arrives the proper destination. Examining the time stamp is a simple way to 
figure our whether the recipient is the correct one. The easiest way to compare time is through Java 
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etTimelnMillis() method of Calendar class; the program should get the current time from the machine. However, 
1or our approach in high-level s~curity system, the machine should have higher precise time counter. 
An example of time_ checking · 

• Start ... 
• Record start time. 
• Traveling in the way. 
• Arrive and record arriving time. 
• Examine the interval: ~ t.-
• Find if: ~ t < Minimum t, then, 
• Send a report to the sender, than call Suicide function. 
• Also, the time-out method can be introduced into our field; real-time (RT) agents which are designed to 

perform output actions in manners meeting specified timing requirements [3]. 

2) 'In "one to many'~ data transaction, we ne~d to control the number of receivers; the number of receivers should has 
a maximum value. 
An example of number checking 

• Start. 
• Traveling in the way. 
• Arrive, send arriving message to the sender. 
• Ask sender for the total arrived numbers: N. 
• Check and find that N > maximum receivers. 
• Report to sender then call suicide function. 
• Sender commands all recipients to call the suicide function . 

. 3) Position testing using satellite 
We can use the satellite to ascertain the recipient's position. The satellite technologies are already used in car 
position identification. When the messenger agent arrives the host, it will use the recipient's equipment to send a 
command to the satellite that transmits the data of the current positi<:>n. The position parameter will be feed backed 
to the sender. If the return position is not correct, the sender and the agent will assume it is a wrong site, and then it 
will report the system and call the suicide function. 

4) Machine number testing 
The receiver machine number testing is easy to implement. The TCP IP address is the main parameter in the 
checking; or we can assign a unique number as the machine number in advance. In the super system, the port 
number also needs to be examined. The agent will compare the machine number with the correct one embedded in 
the program. 

Suicide-protection mechanism will self-erase all data and associated code in the agent when the agent detects 
capturing. It is the key property of mobile agent-based encapsulating security system. Our goal is to prevent to data 
being captured by the malicious parties. A simple and meaningless alphanumeric code will be sent back to the home 
agency and will be automatically cross-referenced to the database. Once the message has been found, an agent with 
greater security carrying the same da~ will be dispatched. 

More authentications of the capturing event need to be researched in the future, and we will provide more solutions 
of how to design the suicide mechanism. We believe .that the Suicide-Protection Mechanism will greatly improve the 
current level of the data security; we will continue our research especially on coding and testing for the SPM design. 

ANALYSIS 
The general communication method lacks the automatical feature; it needs both sender and receivers face to face to 
examine their security condition. Usually the reaction o(the system administrator is late to the data stolen. In agents 
c~ng method, the system would have the security reaction before the data stolen, and the agent can handle the 
action automatically. . . 

The major disadvantage of encryption method is: who get the key, and then who dan get the data. If the data have 
been captured by the unexpected parties, the sender cannot do any thing to protect the data. Thts problem can be 
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solved in encapsulating agent method; there are several strong methods to identify the receivers. Moreover, the SPM 
can delete the data even it is captured by the other malicious host. Obviously, the proposed agent based system will 
make it that much harder for those illegal individuals to access the. sensitive data. 

ADVANTAGE 
The Agent Execution Environment (AEE) in both sender and receiver limits the hackers; if the attacker.does not 
have the AEE, he only gets the electronic signals and cannot decode the data. Moreover, the system has powerful 
approaches to identify the recipients. The proposed system will decrease the overhead of maintaining expensive 
secure networks. In addition, it will be more resilient when attacked. The SPM is the terminator to those malicious 
hosts even the agent already captured by them. Therefore, multiple protections are achieved in th~ proposed system. 
When the data is erased by the agent, the hacker will wonder why the data is gone. 

DISADVANTAGE 
The agent is equipped with several associated codes that make the workload of network heavier. Moreover, the 
agent consumes more CPU time and memory in both of sender and receivers machines. In a high-level security 
solution, the recipient identifying code is quite complicated, so the executions of the data transaction have to wait 
until all examinations have done. This approach is not necessary for the regular data transaction. 

When an agent releases the data and then leaves for a new host, extreme care must be taken to prevent unauthorized 
modification or analysis of the agent. ·Agents may carry with them confidential or sensitive information and logic, 
which shouldn't be accessible to the agent host. Encryption may be of benefit, but the data and code must be 
decrypted at some point in time for the agent to execute. Once this occurs, the agent becomes vulnerable, and is at 
the mercy of the agent host. Other than using trusted hosts, there is little that can be done to protect the agent from 
snooping eyes [2]. However, this maybe our next research for the Agent-Based Data Security System. In this paper, 
we just focus on the data traveling protection. 

CONCLUSION AND FUTURE RESEARCH 
People are constantly working hard to come up with new ways to get at information that does not belong to them. 
The proposed system will make it that much harder for those individuals to succeed at that task. The SPM in 
encapsulating mobile agent is able to achieve above goal. 

The future research trend is: How to build a good Suicide mechanism, how to build a reliable traveling routing for a 
final receiver, how to define the unique agent concept (Identified by time stamp, machine, and code), and how to 
prevent decompiling the agent code in the receiver host after releasing the data. 
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INTELLIGENT MOBILE AGENT TASKS IN DISTRIBUTED ENVIRONMENTS 

Junfeng Gu, Dia Ali, Paulus N. Wahjudi, Yi Mu 
University of Southern Mississippi 

ABSTRACT 
This paper tries to describe some new functionality for the mobile agents in distributed environment. It focuses the 
intelligent features of mobile agents, we assume that an intelligent mobile agent has the abilities of detecting targets, 
recognizing targets, analyzing data, and selecting the optimal solution. Using those abilities, we can design the 
system with human intelligent features. 

We_point out that using IMA in some specific distributed environments is more manageable and efficient than using 
the current approaches, also, we can optimize the current approaches by using IMA, such as we use IMA to improve 
the computer immune system - "LISYS", distributed network workload assignment and group membership 
management, and share heavy data computing ( especially on famous computer intelligent game). 

On the other hand, this paper presents some anaiysis on how IMA handle dynamic targets. The optimized solution of 
the mobile agents in different situations especially in distributed database environment will be presented. 
The goal of the MA intelligent features design is to make our distributed database system become more robust, 
manageable, adaptive and securable. At the last, this paper discusses the limitations in intelligent mobile agent 
design and the future research direction. 

INTRODUCTION 
Recent advances in intelligent mobile agent technologies are opening up exciting functionalities on distributed 
network applications. Mobile agent technology is expected to perform tasks in distributed networks. By using 
mobile agents, program that can migrate from system to system within a network environment. MA Performs some 
useful processing manually at each host. One of the reasons for using Mobile Agent is achieving a robust, 
manageable, securable and efficient system. 

Agents· must adhere to a protocol. If Networked systems use Mobile agents to implement their applications, each 
node must support an environment for those agents to run in Agent Execution Environment (AEE). Usually, MA 
program is coded by Java, this is because Java is Platform independent; a mobile agent in Java is called an "Aglet", 
Hosts can provide an environment for the aglet to execute within. 

When a Mobile agent has intelligent features, it has the abilities of detecting targets, collecting and returning data, 
calculating what data it has, deciding when and which node to move, handling some problems in its environment by 
itself, and communicating with other Agents in other nodes. With these intelligent features, the mobile agents 
greatly expend their abilities in networking environment; moreover, the existing approaches can be improved to 
higher level depending on the level of the intelligent features. • • . 

Most of the current approach using mobile agent lacks the intelligent feature; the system cannot handle some 
proble~ automatically. Later, we are going to discuss that how to design the solutions by using these features in 
IMA and how to improve the current approaches in distributed environment by IMA; We discuss how to use IMA 
feature to improve the current computer immune system - "LISYS'', we present the approaches on distributed 
network workload and group membership management, and we try to develop the possible solution for one of the 
unsolved problem in the world -- share heavy data computing ( especially an famous computer intelligent game). 

DESIGN SOLUTIONS 
An age~t must have its own unique identity, and we need ·design the Algorithm for IMA to perform its tasks. When 
we design the Solutions and optimize solutions for multiple IMAs, some considerations of the agents is: firstly, we 
need t~ consider the solution for IMA mapping and cooperating, for example, a simulation of 8 mobile agents 
explonng a network of 60 nodes [ 6], we wish the agents is balancing arranged in the network, and each agent and 
node are assign the workload as even as possible; so we balance the outlay of IMAS by the specific application; the 
best position will be considered by relative positions between each agents. We need to design which is the next node 
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for an active agents and when_ it start to move. We could use mutual excl~sion algorithm in _whic~ only one a~ent 
can visit one node at a time avoid starvation and deadlock; also, we create the longest relative distance algonthm in 
_which the distance of two a~ents is as long as possible. It is well known that Agent cooperation greatly improves 
system performance. Secondly, The MA server must decide the carrying classes for the IMA, and send the 
instructi9n to the IMA's. Thirdly, Each IMA is able to detect and analyze all targets in its dynamic environment. 
Targets can be self or non-self, offensive or inactive; an IMA reports the property of the targets to the server and 
waits the instruction from the server or it can decide an action according its jµdgment 

MODIFICATIONS USING IMA 
We try to Optimize LISYS [8] using IMA; LISYS was developed in the computer science department of University 
of New Mexico. It is a~ immunological-inspired network traffic anomaly detector. Each computer runs a broad
caster, which broadcasts the source and destination of each tcp SYN packet it sees to other computers running 
LISYSs, and a detection node; which processes the information from the broadcasters. LISYS per:fo:pns Self and 
Non-Self definition by the visitor's IP address. Each detection node receiv.es data from broadcasters and mails an 
administrator if it detects a novel tcp connection. )Vhen the user receives an ·alarm signal from a detector, she has 
tw.o options. If the user d9es nothing, the deJector that flagged the connection as anomalous will disappear and not 
bother the ~ser any more. If the user chooses to c~firm, or "co~stimulate_" the anomaly, the detector that flagged the 
anomaly will become a permanent part of the pro am's repertorre and will alert the user whenever this tcp 
connecti~n is made in the future. 

. I 

Figure 1. Present~ above proce~s [6],_ the .node with white ~olor_is ~IX node (the position can not change); the node 
with gray color 1s a bile node; -~e yellow crrcle ms1de the node is the mobile agent. -

· Above information comes 'from ~e developer~' website; the LISYS is coded by Java; the code is in earl sta e of 
developme~t.. We can see that this ~pproach did not .complete the whole computer immune system task/it o~y can 
detect the v1s1tor, report to the admimstrator. We try to use IMA to implement the whole fun 1- 1·1· ' fth 

· · t . d · • • . . c 1ona 1 1es o e 
immune sys em. etectton, reorgamzat10n and ehmmation The current LISYS Ir d h" d th fi ·d · d' · . · a ea Y ac 1eve e rrst part We 

es1gn a 1s~~uted database t? e_qmp ~ , Agent can store the intruders' information into its database table. and 
make the dec1s1on by the table s mformatton. The table example is: · 
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a). Table Name: INTRUDERS 
b). ENTITIES: 
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1). IP_ADDRESS primary key, V ARCHAR2 (LENGTH (IP ADDRESS)), NON NULL; 2).VIOLATION_TIMES; 
// Record the how many times the intruder try to attack the system. 
3). VIOLATION_LEVEL; // Record the level of the violation by the intruder. 
4). ATTACT_TIME; II Record the time of the invasion. 

IMA in LISYS will use the information in the database to decide its reaction: if the visitor just access randomly, 
IMA can ignore it; if the violation level reaches the limitation, IMA can think the visitor as an intruder, and ask the 
system to disconnect or block this intruder. Thus, IMA already implements natural immune system's features[3] . 
Also, by using a appropriate database and the proper reaction algorithms, we can use IMA to perform some 
applications in distributed network: in workload management, IMA can detect the workload for each node, reassign 
and balance the job for the whole network; In group membership control, IMA can act as a manager, it can detect 
the application from the new joiner, authenticate the membership, report to the group members and send the result to 
the server. · 

SHARING~OMPUTING USING IMA 
In·1997, IBM computer named Deep Blue beat th world chess champion Garry Kasparov. Since in a computer 
could beat a super player, Some people become t believe that human intelligence will lost to the future machine 
intelligence e.ventually. However, others say not, because in another intelligent game "GO", a beginner can beat a 
super computer badly. One company set up$ 1,400,000 of prize for the designer who provide a computer that can 
beat a super player. IO years later, even so many programmer have tried to design the machine, the price is still there. 
This is an unsolved problem in artificial intelligent field. There are 19 rows and column containing 361 "361 
combinations in GO game; the number of the combination is much larger than that in Chess. Theoretically, The 
super computer need 1 and half years to find the best next step, even the fastest machine in the world has 
200,000,000 mathematical operations /sec speed. 

Our solution is using multiple IMAs to share the heavy and huge computation. There are 361 across points in GO 
g~e, when the machine want to find out the next step to move, IMA server Assigns IMAs to each component point 
in ~e game; each IMA in its position can collect data and send it back to its server, then the sub-server calculates the 
collected data, omits the unnecessary·data combinations and provides its decision to the IMA headquarter server; at 
last, by using a priority queue algorithm, the IMA server makes the final decision for the next step. 
In our solution, we require a distributed networking environment with super computers; the mobile agents must have 
intelligent features, so that they have the capacities of detecting dynamic targets, analyzing and optimazing 
solutions, communicating with other IMAs. 

With this approach, we use 361 IMAs to share and process the huge computing simultaneously, each IMA provides 
a two dimension array of the next step (x, y) and a priority parameter 'z' to the IMA server; -this approach can 
greatly reduce the unnecessary combinations to calculate. After comparing the priority parameter, the IMA server 
will make the final decision for the next step. The approach can greatly improve the current speed of the super 
machine; the time of finding the next step in this game could be reduced to one and half day. 

CONCLUSION AND FUTURE WORKS 
With the development of the IMA feature, in many applications, using IMA is much efficient than conventional 
MA. IMA 's new role can improve the current network technologies; but IMA is hard to design and optimize. In the 
"GO" game design, we still need to figure how to calculate the priority parameter in each IMA. 

. . 

We need to consider the carrying classes' ability of an IMA. The more classes the IMA has, the more abilities it has; 
but the cost is a very important factor. Sometimes the IMA may ask for the server to support the classes they need, 
in network, there exist long distance transmission limitation. The future direction should handle these problems. 
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Figure 2. Two IMA sub-servers connect with the IMA server and their database. 
Note that those IMAs are cooperative agents [7]. 
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NETWORK SECURITY USING CRICKET: THE NEXT GENERATION MOBILE AGENT 

John Heath, Paulus Wahjudi, Dia Ali and Maria- Cobb 
University of Southerp. Mississippi 

ABSTRACT 
Network Security plays an important role in a network. Confidential information should be accessed by authorized 
users and locked from other users within the network. Network also experience attacks from outsiders trying to gain 
access from open connections. Detection of weakness within the network is important because each client within 

· the network is susceptible to intrusion due to the high variety of security measures in each client. 

We propose an agent system the will provide network security from both internal and external threats. Internally the 
agents will be responsible in the transfer of information while externally it will prevent intruders from gaining 
access to the network. The Agents will also have preventive actions involved, where monitoring agents will check 
the overall security of the network. This appro~c will detect security loopholes and the addressed accordingly. 

. · AT IS CRICKET 
Cricket is a mobile agent system developed by th Database Laboratory for Intelligent Agents at the University of 
Southern Mississippi. It is an environment on a h6st where agents are created and terminated and refers to the entire 
mobile agent platform. 

Over the last 18 months, there· has been a renewed interest in mobile agent technology. Mobile agent technology has 
raised considerable interest in the research community and in industry, but the promised deployment has not yet and 
may not emerge. The lack of programming models for agent-based application prevents mobile agent deployment. 
In order to make progress beyond such an elementary position, the answer turns out to be remarkable simple and 
leads us to the purpose of this paper. 

What we propose in this paper is a mobile agent application used in Network Security. It is a reasonable assumption 
. that defining network security is not trivial. The difficulty lies in developing a definition that is broad enough to be 
valid regardless of the system being described, yet specific enough to describe what security really is. In a generic 
sense, network security is the prevention of, or protection against access to information by unauthorized recipients, 
and intentional but unauthorized destruction or alteration of that information. To understand why network security 
is so important, first let us examine some of the threats we have to encounter and mention some of the popular 
measures of protection. · 

TODAY'S THREAT 
It is useful at this point to explain what is a virus? In most instances, pertaining to the human body, one can define a 
virus to be a causative agent of an infectious disease. Next we have to consider, what is a disease? In simple terms, 
a dise.ase implies infection and impairs the body of normal function. 

At this point you may have gained an effective insight into viruses and the human body, let us move on to the 
consideration of viruses and the computer network. In the crudest terms, a virus ( we include worms) is a computer 
program that is unintentionally loaded onto a computer and runs against your wishes. When this computer is on a 
network, the program has the ability to replicate them. 

To understand the.viruses and the threats they impose to the computer industry and the Internet, we will discuss 
three special viruses. Since each of these viruses disserves more space, it is our intention to discuss the spreading 
statistics and briefly mention their destruction [Zou 2003]. 

Code Red spread to more than 359,000 Web servers in less than nine hours. Some strains of this virus silently 
lurked on systems, waiting to spread havoc and destruction. Then at some predetermined point, did Slammer realize 
it has lurked enough, and launched its second massive attack. The recipient of this attack was the 'IP address of the 
White House Web site causing the site.to deny service. Most of the damage done by Code Red involved the 
bandwidth it used during the attack. 
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Mafia Boy-was the next strain that introduced the computer industry to a new type of attacked called the distributed 
denial of service (DDoS). These types of attacks consume the resources of a remote host or network that would 

. otherwise be used for servicing legitimate users·. With his successful attack, Mafia Boy brought down some of the 
major sites on the Internet: Yahoo, CNN, ETrade, ZDNet, Buy.com, Excite, an~ eBay .. 

Slammer was the fastest spreading computer virus in history. As it began spreading, Slammer infected 90 per cent 
of vulnerable hosts within 1 O minutes, causing significant disruption to financial, transportation and government 
institutions before anyone could respond. In just 3 minutes, Slammer reached its full scanning rate of more than 55 
million scans per second. By comparison, Slammer was two orders of magnitude faster that Code Red, who had a 
leisurely 3 7 minutes scanning time. Although Sla.inmer had no malicious payload, it caused a significant impact on 
network bandwidth. When Slammer was at the peak of the attack, there were several reports of interruption on the 
Internet backbone. 

Just how serious are we taking these new threats? Officials now-realize _how vulnerable the Internet is for these 
types of distributed attacks. The attackers are using the power of the Internet itself to spread destruction. To 
understand how serious. this threat is, the head of the CIA wrote a letter to the President saying that this vulnerability 
is a threat to our National Security. In the next section, we will look at what has been done to help provide a more 
secured environment. 

TODAY'S MEASURES 
Probably the most popular and ·necessary Security measure is that of eMail scanning, which is used to enable basic 
filtering of a proportion of the viruses and junk mail those users receive. Viruses can be quite destructive and are 
typically distributed through being attached to emails. Junk mail is the cause of a large number of complaints, both 
from within and outside the computer industry. It is a great waste of computing resources and staff time, both at the 
originating and the receiving site. 

Another very popular security measure is a firewall, specifically, which is a system designed to prevent 
unauthorized use from outside a private network. Implemented in either hardware or software, a firewall filters all 
messages to and from the network. 

There are several types of,firewall techniques Oxford [1999]: 
• Packet filter: Looks at each packet entering or leaving the network and applies a predetermined filter. 
• Application gateway: Applies security mechanisms to specific applications, such as FTP and Telnet 

servers. 
• Circuit-level gateway: Applies security measure when a TCP or UDP connection is established. Once 

the connection has been made, packets can flow between the hosts without further checking. 
• Proxy server: Intercepts all messages entering and leaving the network. The proxy server effectively 

hides the true network addresses. 

Beyond firewalls, making your network secure requires another level of unseeingly and never ending security, 
which protects the network for unauthorized users, illegal and unauthorized software, back door attackers and 
_hackers. The methodology used for this yet another type of security is Intrusion Detection, which is defined as the 
art of detecting inappropriate, incorrect or anomalous activity from either internal or external to the network. 
Another part of Intrusion Detection worth mentioning is File Integrity. For any type of intrusion, modifying a 
system file is necessary. Thus the role of the File Integrity is to insure that these important files are never 
compromised and if they are this compromise is alarmed. -. 

The last measure we would like to mention is the use of Honeypots. These are programs that simulate your network 
services. An attacker, usually from outside the network, assumes the network is providing vulnerable services that 
can be used to hack into the network. In this situation, Honeypots log the hacker's information such as their IP 
address and keystrokes they enter. This information provides the network administrators valuable data and can be 
used to warn of a more concerted attack. 

We will now derive this simple yet basic theorem that the larger the network, the larger security issues. In short, we 
would not expect one person, group or issue to solve the entire security problem and that this problem only grows 
and thus the process of protection is continually evolving. 
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There is a big misconception in the computer industry, that is, the belief that installing a firewall gives adequate 
security. This is very far from the truth. It is fundamental to understand the threat we face and that necessary 
security measures beyond just a firewall is necessary and that these measures need to be frequently addressed. 

You should also try to distinguish clearly in your own mind the relationship between implementing these adequate 
security measures and your budget. It would be a fair assumption, that to implement these strat_egies would 
significantly impact any budget. So the question arises, is there a single solution that provides an easy yet effective 
solution that would have less an impact on my budget? In the next section we will attempt to explore this issue. 

WHATNOW 
There is a huge effort in the computer industry to cut cost, trying to become lean and competitive. Just recently has 
these cuts affected information technology departments. Keeping in mind these lean budgets, we propose a network 
security package implementing many of the earlier mentioned measures. Having all of these measures in one 
package would be a considerable cost savings both in time and money. Using Cricket at the center, the process of 
providing proper security can be automatic. Specifically, as new security measures arise, cricket can handle the 
updat~s automatically. 

We plan to address the security areas by differentiating between internal threats and external threats. Internal threats 
would be classified from unauthorized users, including employees, partners and even ex-employees (pose a serious 
threat). Despite most peoples' fears that hackers will break into the company and destroy data or steal critical 
information, more often than not, security breaches come from the inside. 

We plan to approach these internal threats much like the medieval kings dealt with there threats by build big stone 
walls around the city, then surrounding the walls with a moat and make every one enter over a guarded draw bridge. 
We plan to surround the network resources (programs and services) with an authentication process, much like the 
walls around the city. It is these programs and services that need protection from unauthorized use. In addition, 
employees are required to login each time they use their computer, much like entering the city through the guarded 
bridge. Once inside the city, the citizens can minger around the market place or proceed to the stables. Most 
citizens, though, would be restricted from entering into most Palace areas. The privileged few could be in~ited to 

· the public ballrooms yet restricted from the private chambers of the King. Similarly, we propose restricting certain · 
· network resources and assign the users to specific groups and restrict or not restrict according to the group they 

belong. 

Now that we understand the medieval security measures, how do we protect our network from external threats? 
Simply, if the enemy can't find the city, they can't invade! In the medieval times, it would be rather difficult to hide 
an entire city yet in our system it is rather easy. We plan to implement a Firewall and use a proxy server technique. 
The hacker can not see any public services. The nodes on our network will have private IP numbers and the 
Firewall will provide network address translation. The hacker can not see these private numbers and thus, be 
prohibited from initiating any unauthorized sessions in the network. 

CRICKET'S FRAMEWORK 
Within the Cricket framework, the necessary behaviors are intelligence, collaboration, and mobility. These 
behaviors are provided as a tool, not as objects for one to incorporate into agent designs. For intelligence, Cricket 
must be aple to allow mobile agents to acquire knowledge, plan actions, and act according to these plans. For 
collaboration, Cricket must be able to define and analyze relationships between the agents' plans and actions and 
develop an automatic set of itineraries to extend these plans into a more global coordination (much like defining a 
relationship between tuples in a relational database system). For mobility, Cricket must be able to provide a passive 
collecting ability. within the framework that provides agents a centralized facility to collabo,;ate, display, persist, or 
add further intelligence. 

With the popular mobile agent systems, it is not easy to implement both intelligent and collaborative agent behaviors 
[Yoo 1998]. Even though some sort of integration is provided, it is up to the agent designer to incorporate these 
behaviors into the agent design. Thus, there is no systematic approach, which leads to over-complication and 
rigidity. 
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What we would like to propose is a mobile agent system with intelligence and collaboration behaviors that aids--not 
hinders--the overall agent design; a system that is easy to use, by allowing logical addressing abilities; a system that 
provides logical grouping of agencies and agents to assist in the global planning and further defining of agent 
actions [Sato 2000] . Finally, the most import feature provides collaboration by allowing the designer to specify 
·collaborative relationships between Cricket groupings. · 

CRICKET PARTICULARS 
One thing we propose for Cricket is a logical addressing mechanism. Using many logical addresses, it is possible to 
address one physical address. For example; your mailing address, telephone number (or numbers) and home e-mail 
address all work to bring messages to you when you're in your house. They are simply used for different types of 
messages--different networks, so to speak. 

Networks are established in Cricket, and are used to group a set of related agencies, regardless of their physical 
connectivity. They can be located across a campus environment or even across geographically: dispersed locations. 
The agencies might be assigned to a network bec~use they belorig to the s_ame department or functional team, or 
because data flow patterns among them is such that it makes sense to group them together. Note, however, that 
Without a Cricket router, devices in one Cricket network cannot communicate with devices in another Cricket 
network. \ · · · 

Cricket routers provide security. For example, hilh-security agencies can be grouped into a network and no mobile 
agents outside of that network.can communicate with them. Because Cricket networks are logical groups that behave 
like physically separate entities, inter~network con;ununication is achieved through a Cricket router. Thus, all the 
security and filtering functionality that routers traditionally provide can be used in Cricket routers. 

Another feature of Cricket routers is chirping. Similar to multicasting, chirping occurs when a router receives a 
mobile agent, clones the agent, and sends it to every router or agency in the Cricket network. This feature supports 
our collaboration behavior, which we will discuss later. · 

The last and most import feature of Cricket routers are the collaborative relationships. When an agent is dispatched, 
and it requires a collaborative effort on many agencies throughout the network, these relationships are used to 
coordinate the agent and generate a specific itinerary. This accomplishes several important goals. First, it frees the 
designer to focus on the agent action and not the mechanics of the collaboration (which produces simpler agent 
code). Second, it aids the designer in developing the global plan. Finally, it aids in the verification and validation 
efforts of the system requirements. 

OUR SECURITY EXAMPLE 

I Cricket Nomenclatures I 
Symbol Description 

AR Area Router 
GR Gateway Router 
CA Cricket Agencies · 

.Cr Collaboration Relationship 

. Figure 1 - Cricket Nomenclatures 

In our security networ~ we.·use the following design: 

AR {GR1,GR2} 
GRl {CAl,CAx} 
GR2 {CA2,CA3,CA4} 
Crl {ISM.ADMIN.LOGIN,ISM.ALLOW,HOME} 
AR Area router named ISM 
GRl Gateway router named ISM.USERS 
GR2 Gateway router named ISM.ADMIN 
CAI Cricket agency named ALLOW 
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CAx Cricket agency named for each workstation 
CA2 Cricket agency for user login · 
CA3 Cricket agency for application authentication 
CA4 Cricket agency for service authentication 
Cr 1 Collaboration relationship for authentication 

Our Cricket network is designed using one area router (ISM). This router controls two gateway routers, where 
gateway router one controls the user network and gateway router 2 controls the administration network. The 
administration network contains the secured features we would like to protect. To accomplish this, Cricket allows 
the administration router to filter all agents except for agents dispatched from the users network. 

Our next step is to design some intelligent agents that will authenticate users and there access to applications and 
services we are controlling. In our small demo, these agents maintain local arrays that contain user and passwords, 
an array of applications and the users that are allowed to access them and an array of network services and again the 
users that are allowed to access them. 

In th~ user's network, we design a user program t~t will prompt the user for name and password. This program will 
be added as a feature to the local agency (defined y HOME). This process is needed, because agents will be . 
·dispatched to this agency as part of the collaborat1 n. . 

I 
The following steps depicts the authentication process: 

1. User hits the ok button after entering the name and password 
2. Cricket uses the collaboration relationship Crl to dispatch and agent to ISM.ADMIN.LOGIN 
3. The agency ISM.ADMIN.LOGIN receives the agent, the agent is awakened and checks for 

user name and password correctness then dies 
4. Cricket uses the collaboration relationship Crl and dispatches the agent to the Cricket agency 

ISM.USER.ALLOW . 
5. The Cricket agency ISM.USER.ALLOW receives the agent, the agent is awakened and 

verifies the authentication and dies 
6. Cricket uses the collaboration relationship Crl and dispatches the agent back home 
7. When the home agency receives the agent, the agent is awakened and sets the results into the 

GUI and the agent dies 

RESULTS 
From the collaborative steps shown above, one can easily see the amount of coordination required for this rather 
simple authentication process. What Cricket hides from the agent designer are steps two through seven. Cricket 
determines the collaborative nature of these steps from the relationships defined during the Cricket network design. 
The. agent designer is free to concentrate on the intelligent features of the agent. 

CONCLUSION 
With Cricket and the behaviors of intelligence, collaboration, and mobility, made this application quite easy yet 
extremely efficient. We were able to eliminate unauthorized use of program resources while protecting the network 
from internal and external threats. 
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DECISION SUPPORT FOR CONDITIONAL PROBABILITY ELICITATION IN 
BAYESIAN BELiEF NETWORKS 

Venkatram Kuturu and James T. Luxlwj 
Rutgers University 

ABSTRACT 
Evaluating system risk in the complex aviation domain requires the elicitation of probabilities from domain experts. 
In Bayesian Belief Networks the complexity in soliciting probabilities increases exponentially as the number of 
parents of a chance node in an influence diagram grows. The probabilities need to be checked for consistency and 
the process needs to be repeatable. Due to the difficulty in interpreting the effect of many parents consistently, we 
propose a heuristic using bounding analysis to reduce the complexity and time required to ensure consistency in 
expert judgments. A structured questioning approach will aid in the repeatability process. 

INTRODUCTION 
Developing a Decision Support System (DSS) that evaluates system risk and the effect of new technologies in the 
aviation domain requires the elicitation of probabilities from subject matter experts (SMEs). Keeney and von 

• Winterfeldt (1991) describe expert judgments as "essential in the study of any complex technical proble~"- Luxhoj 
et al. (1999, 2003) use Bayesian Belief Networks (BBNs) in the Aviation System Risk Model (ASRM) to model and 
evaluate system risk in the National Airspace System (NAS). 

The ASRM combines the overarching framework of the Reason model (Reason, 1997) with BBNs to develop 
aircraft accident causation models. A Bayes1an Belief network (BBN) is a directed acyclic graph (DAG) where 
nodes represent attributes of the domain under consideration and the edges (arcs) among the nodes represent the 
causal relationship among attributes. Each node is a random variable that represents a set of states (Jensen, 1996). 
Nodes in the ASRM represent causal factors and the arcs represent the causal dependence among the causal factors. 
The graphical structure of a network is considered its most important part (Druzdzel and Gaag, 2000) as they 
represent the independence and relevance relationships between the nodes (causal factors). Aviation is a complex, 
dynamic domain which can be explained in causal terms only after decomposition into discrete events. The models · 
·in the ASRM are based on real world accidents. National Transportation Safety Board (NTSB) full-text accident 
reports along with published articles in the aviation safety domain are used to understand and develop the graphical 
causal structure. Although most accidents are attributed to pilot error, this is not necessarily the case. The Human 
Factors Analysis and Classification System (HFACS) (Shappell and Weigmann, 2001) nomenclature is used to 
define and classify various human errors in the causal path. Other causal factors pertaining to non-human causes are 
also defined and used based on the model being developed. 

The random variables used to represent the state of the system are called chance nodes. Decision nodes represent the 
chojces available to a decision maker in a BBN. Once a decision node is introduced in the graphical structure it is 
called an influence diagram. A decision node can influence one or more chance nodes, and, more than one decision 
node can influence a single chance node. Chance nodes are represented as ellipses and decision nodes as rectangles. 
BBNs provide probabilistic inference algorithms (Lauritzen et al., 1988) that allow for reasoning based on evidence 
or observed facts. The new products being developed by the NASA/FAA A via ti on Safety Program can be 
represented as decision nodes. Decision nodes are introduced into the causal model when SMEs determine that they 
influence the causal factors (chance nodes). Chance nodes with no parents have an associated probability 
distribution. Decision nodes represent the choices available to a decision maker. Selecting a set of decision nodes 
and fixing their _values amounts to taking an action. Decision variables in the ASRM represent technology products. 
Taking an action by fixing the value of decision nodes alters the probability distribution of chance nodes that are 
children of these decision nodes. , 
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. Figure 1. An example of 1 influence diagram for an aircraft accident. · 

· . AvSP *CHNOLOGY SUITE 
The following section is based .on excerpts from t~e National Aeronautics and Space Administration (NASA) 
Aviation Safety Program's (AvSP) Product Dictionary and the AvSP· website (http://avsp.larc.nasa.gov). The AvSP 
is a partnership that includes NASA, the Federal A'.viation Administration (FAA), the aviation industry and the 
Department of Defense. The goal of the AvSP is to develop and demonstrate technologies that can reduce the 
aviation fatal accident rate and also to reduce the injuries and fatalities when accidents do occur. The program is 
developing 48 new technology products that are divided into seven suites, such as: 

Synthetic Vision Systems {SVS): The goal of SVS is to provide commercial and general aviation pilots with clear 
day operations all the time; 
Single Aircraft Accident Prevention {SAAP): Seeks to develop health management and robust control technologies 
to enable aircraft that are self-healing and recover from control upsets; 
Accident Mitigation {AM}: Products ·are intended to increase survivability when accidents occur; 

Weather Accident Prevention {WxAP): Products bring intelligent weather decision aids to the cockpit; 
Aircraft Icing {AI): Products include icing detection and protection systems; 
Aviation System Monitoring and Modeling {ASMM): Technologies are used to monitor every flight for known and 
unknown issues; 
System Wide Accident Prevention {SW AP): Seeks to improve human/machine integration in design, operations and 
maintenance. 

RESEARCH PROBLEM 
Commercial aircraft accidents are investigated by the NTSB. The NTSB ident1fies some of the primary causes and 
. contributing factors of an accident. Most often they identify causal factors that fall under the individual factors in the 
Reason model,. Organizational factors or Task and Environmental factors are infrequently identified as contributing 
factors for accidents, and dependencies among different causal factors are not identified. The ASRM provides a 
systematic method for causal modeling.based on real world accidents that identifies the relevance_ relationships 
between various causal factors. The ASR11°uses the HUGIN software for causal modeling·and BBN processing 
(Jensen, 1993). Expert judgments and .data are used to identify causal relationships andto quantify the model. 

BBNs provide a useful framework for reasoning under uncertainty. The use ofBBNs for reasoning under 
uncertainty is widely accepted (Druzdzel, 1995; Druzdzel and Gaag, 2000; Keeney and von Winterfeldt, 1991) and 
is proven by successful applications in domains such as medical diagnosis and prognosis, planning, nuclear safety, 
information retrieval and natural language processing. In BBNs expert judgments are coded into the model in the 
form of Conditional Probability Tables (CPTs). A conditional probability distribution is obtained for every 
combination of values of its immediate parents. The size of the CPT increases exponentially as the number of 
parents grows. In the ASRM, binary variables are used. A variable (causal factor) is either Present or Absent. A 
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binary variable with n parents will require the elicitation of 2n+l probabilities. As the size of the CPT increases it 
becomes challenging for the domain expert or the analyst eliciting the probabilities to maintain consistency. An 
example of a BBN is shown in Figure 2. 

Legend: 

DE- Decision Errors 
PE - Perceptual Errors 
RV - Routine Violations 
LOC - Loss of Control 

Figure -2 . An example belief network for a Loss of Control (LOC) accident. 

In this example, Decision Errors (DE), Perceptual Errors (PE), Routine Violations (RV) and Loss of Control (LOC) 
accident are represented as chance_nodes.' The CPT for the LOC node is shown in Figure 3. 

LOC 
RV Present Absent 
PE Present Absent Present Absent 
DE Present Absent Present Absent Present Absent Present Absent 
Present 0.7 XXX XXX XXX 0.75 XXX 0.6 XXX 

Absent 0.3 XXX XXX XXX 0.25 XXX 0.4 XXX 

Figure 3: An example CPT for a LOC node. 

Numbers representing P(LOC/ RV, PE, DE), P(LOC/ PE, DE) and P(LOC/ DE) are shown. The rest of the table has 
default values and have not yet been elicited. Let us assume that the expert believes that each of the causal factors 
increases the likelihood of LOC when it is present regardless of other factors. However, as the size of the CPT 
increases, the expert may not be consistent and the analyst may not notice any inconsistency. Here the P(LOC/ RV, 
PE, DE) should have been greater than P(LOC/ PE, DE) based on our assumption. Although this is a trivial example 
it helps demonstrate the fact that as the size of the CPT grows inconsistencies can occur during the probability 
elicitatioµ phase if brute force front-to-back methods are used. 

Ensuring consistency requires extensive consistency checks based on the number of parents. In the next section, we 
propose a heuristic to reduce the complexity and time required to ensure consistency. 

RESEARCH METHODOLOGY 
Problems encountered when directly eliciting probabilities from SMEs are well documented (Tversky and 
Kahneman, 1974). Before we begin eliciting probabilities we establish a contextual domain. The contextual domain 
will frame the assumptions under which the model has been developed. In the aviation domain a negative influence 
on the causal factor could be interpreted as the increased probability of a causal factor being present. We use the · 
direct response mode (Spetzler and von Holstein, 1975) to frame our questions for probability elicitation. To assist 
in the elicitation effort we use a bar graph with verbal and numerical anchors (Gaag et al., 1999). Druzdzel and 
Wang (2000) provide results that show that the bar graph improves the speed and accuracy of elicitations when 
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compared.to the pie chart or direct elicitation method. We also provide ·a visual representation of the subset of the 
model for which probabilities are being elicited. Since in the ASRM we have binary states, the P(DE=Y/ PE= N) = 
1~ P(DE=N/PE=N). . 

We ask the SMEs to provide an explicit qualitative risk ranking (Duong et al., 2003) before we begin elicitations for 
each node. The risk ranking is used to determine the order of elicitation and also as a means of establishing upper 
and lower bounds during the elicitation process. For example, in Figure 2,. assume SMEs ranked DE, PE and RV in 
order of decreasing risk. Therefore, the P(I>E) > P(PE) > P(RV) should hold true. P(DE) would be an Upper Bound 
(UB) and P(RV) would be a Lower Bound (LB) when we elicit the P(PE). Here we assume that P(DE/PE = N, 
RV=N) will be used as the UB. 

For nodes with no parents we.elicit the probabilities based only on the risk ranking. When a node has one parent, 
first we elicit the probability given that the parent was absent. Then we ask the SME if the par~µt _has a negative 
qualitative influenc~, zero qualitative influence or a positive qualitative.influence on the node whose CPT we are 
trying to elicit. If the parent has a negative influe~ce then the probability when the parent was absent is used as a 
LB. If the parent has zero influence then the probability when the parent was absent is used. If the parent has a 
positive influence (for example, decision nodes riresenting new technology products), .then the probability obtained 
where the parent was absent is used as a UB. 

Consider our example in Figure 2 and examine th , Decision Errors node. Let us say the P(DE/PE=N)=0.5 was 
elicited. Next, we ask the SME if PE has a negati\~e, zero or positive influence on DE. Depending on the answer we 
use the 0.5 as a UB or LB. Then, the P(DE/PE=Y)i is elicited and checked for consistency with this UB/LB. 

For nodes with two or more parents, we elicit the probabilities based on prior risk ranking combined with the 
influence of each node on the child. First we compare individual parents and their influence to set bounds during 
elicitation. Once we are done with single parents we move on to two parents and repeat the process. In the next step 
we compare three parents and so on until probabilities for all n parents have been elicited. When all probabilities in a 
CPT have been elicited then we move onto the next chance node. 

Let us explain how the heuristic works for the LOC node. Figure 4 shows only the LOC node with its three parents, 
namely DE, PE and RV. 

Legend: 

DE-Decision Errors 
PE-Perceptual Errors 
RV -Routine Violations 
LOC - Loss of Control · 

Figure 4: LOC nodes with parents 
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The CPT for the LOC node is shown in Figure 5. 

LOC 
RV Present Absent 

PE Present Absent Present Absent 

DE Present Absent Present Absent Present Absent Present Absent 

Present XXX XXX XXX XXX XXX XXX XXX XXX 

Absent XXX XXX XXX XXX XXX XXX XXX XXX 

Figure 5: CPT for the LOC node in Figure 4 

Let us assume that the SMEs have ranked RV, PE and DE in that order during the risk ranking phase. The complete 
ranking is shown in Table I. It should be noted a! this stage that the probabilities being elicited are the ones with 
zero or one parent present. 

Table1 I. Sample risk ranking. 

Rank Conditional Probability 
I IP(LOC=Y/RV=Y, PE=N,DE=N) 
2 

1
P{LOC=Y/RV=N, PE=Y,DE=N) 

3 P(LOC=Y/RV=N, PE=N,DE=Y) 
4 P(LOC=Y/RV=N, PE=N,DE=N) 

In the next step, the SMEs are asked to provide the P(LOC=Y/RV=Y, PE=N, DE=N) which now forms the UB for 
the next probability. Then P(LQC:;:Y/RV~N, PE=N,DE=N) is elicited which now is the LB. P(LOC=Y/RV=N, 
PE=Y,DE=N) is elicited with the established UB and LB. P(LOC=Y/RV=N, PE=Y,DE=N) forms the new UB for 
the next probability which is P(LOC=Y/RV=N, PE=N,DE=Y). This process is repeated until all n associated 
probabilities are obtained for the general case. 

·Now we look at P(LOC=Y/ two parents present). The possible probability combinations for the above example are: 
P(LOC=Y/ RV=Y,PE=Y,DE=N), P(LOC=Y/ RV=Y,PE=N,DE=Y) and P(LOC=Y/ RV=N,PE=Y,DE=Y). Based on 
prior rankings P(LOC=Y/ RV=N,PE=Y,DE=Y) should have the lowest combined effect and hence it is elicited first 
to establish the comparative LB for the proceeding probability elicitations. However, before eliciting this 
probability we ask the experts if the combination of PE=Y and DE=Y would have a negative, zero or a positive 
influence on LOC=Y. If the combination has a positive influence, then the P(LOC=Y/RV=N, PE=Y, DE=N) is the 
UB and P(LOC=Y/RV=N, PE=N, DE=Y) is the LB. If the combination has a zero influence, then the P(LOC=Y/ 
RV=N,PE=Y,DE=Y) is equal to P(LOC=Y/RV=N, PE=Y,DE=N). If the combination has a negative influence, then 
the (LOC=Y/RV=N, PE=Y,DE=N) is the LB and P(LOC=Y/RV=Y, PE=N,DE=N) is the UB. Using the UB and LB 
established in the previous exercise the P(LOC=Y/RV=N, PE=Y,DE=Y). As this elicited probability is the 
combination of the causal factors that have the least influence on LOC=Y, therefore, this probability serves as the 
LB for the remaining combinations. This process is repeated where only two parents are present as part of the 
conditioning argument. A similar process is followed for 3, 4,n parents, until the CPT for that node is fully elicited. 
The process is repeated until the causal model is fully quantified. 

Due to space constraints higher order combinations are not fully explained in this paper but the process shows 
promise. 

FURTHER REMARKS 
We perform the expert elicitations interactively in the ASRM causal modeling process. The reasoning behind the 
SMEs beliefs are noted in the node properties. Using this heuristic we can check fot consistency and work with the 
SMEs to resolve any inconsistencies as they arise. One of the benefits of using this approach is that it will force 
consistency based on a qualitative risk ranking and probabilities elicited (quantitative) during the elicitation process. 
In the near future, we plan to use this heuristic in a software package that will aid in the probability elicitation 
process by checking for inconsistencies. Preliminary results and feedback about the software and its performance 
during elicitations will be the focus of another paper. · 
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MOBILE AGENT FLEXIBILITY FOR DIFFERENT DATABASE VENDOR 

Silvia Lowery, John Heath and Dia Ali 
University of South_em Mississippi 

ABSTRACT 
The interaction between XML, Java, and database has become the next generation for the evolution of data content 
on the Internet and on businesses' applications. The structured language XML offers the flexibility of sending 
messages between different applications. Its structured content has attracted a broad audience of developers who 
have seen the benefits of this language. Java provides features that help this interaction with XML and database. 
These features include the ease of relational object mapping, distributed computing, and database independence 
Companies are growing and are often expanding their customer base by inheriting the use of antiquate business 
systems, such as, flat files, Access, and MySQL combined with new state of art Sybase, SQLServer, and Oracle. We 
propose a tool that will help companies to develop applications to manipulate their data using XML and Java to 
retrieve data independently of the type of the database is being used. The tool being proposed here will generate the 
XML and Java files to facilitate the application development. 

INTRODUCTION 
Nowadays with the growth of information and the emergence of different database systems, companies have been 
searching for effective ways of dealing with the manipulation of data from these diverse systems. The demand for a 
tool that is interoperable wi~n database systems is highly required between companies operating distinctive 
database systems. Using the tools provided by a database management system (DBMS), Java features to access the 
database, and the advantages of XML of describing structured data, one can build a great application that will be 
suitable to any database system of any schema format. The use of the Java programming language has made it easy 
to create such applications because· of its JDBC API tool, which allows access to the database. Using XML has 
improved the ability to represent dat_a through attributes and elements. This paper introduces a tool that will facilitate 
the generation of the Java file and the XML file that will be needed to the creation of an application. The objective 
of the tool is to provide aid in overcoming the obstacles encountered when trying to build complex real-time, 

. parallel instrumentation system. This tool will allow us to quickly experiment with new model-based concepts using 
Java features and XML advantages of describing structured data. 

In the first section of this paper, the three main technologies used are discussed. These technologies include DBMS, 
Java, and XML. Their features and advantages are briefly introduced. The following section, presents details and 
features of the tool proposed in this paper. Then the final sections summarize the paper and future researches that 
can be applied to the subject here presented. 

TECHNOLOGIES INTRODUCED 
This paper will present a tool that will make use of three related technologies. These technologies include DBMS, 
Java, and XML. The technologies studied will work together and concurrently to provide effectiveness to the tool. 
DBMS is the core of the tool described in this paper. Java technology is implemented to help developers to 
implement efficient applications. Finally, XML is used to allow better data exchange and data management. Data 
are the crucial raw material from which information is obtained. It is important to find a good way to manage such 
data. Database management focuses on the proper generation, storage, and retrieval of data in our information-based 
society. A Database Management System (DBMS) is software designed to accomplish the previous listed tasks. The 
design of a good database does not just happen. A database must be well designed to facilitate data management. A 
well-designed database is a valuable information _generator. This information generator design is the subject of 
detailed study in the modem data environment. A poorly designed database can become a breeding ground for 
redundant data, that is, unnecessarily duplicated data. Data redundancy is the source of difficult-to-trace information 
errors. 

There are different data models that can be used to design a good database. People related to the DBMS technology 
are searching for new ways of data modeling to deal with increasingly complex real-world data. This search is 
driving the evolution of database management systems. A great contributor in this evolution has been the Internet. 
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The emergenc~ of the Internet has influenced the scope and role of database markets. New database products have 
emerged with the impact of the Internet. Data models have been developed to interact efficiently and easily with the 
Internet. The interaction between database systems and the Internet has caused database to grow even larger and to 
.support comple_x data types and relationship such as video and sound. The Internet has made it easy to allow 
database to move from the mainframe system to a distributed system. A distributed database management system 
(DDBMS) processes and governs data in different sites over interconnected computer systems [1]. In this paper we 
will focus on the use of Oracle to be the DBMS used. · 

Java is a language that helps database programmers to develop efficient applications by providing features that they 
have needed. These features include the ease of relational object mapping, distributed computing, and database 
independence. Java provides a database access tool, the JDBC API, which offers functionality beyond that offered 
by traditional client/sever dev:elopment tools. A Java database application is not concerned with the type of database , , 
engine being used. The database engine can change as many times. as it is needed, but the application itself has no 
need to change. There is a relationship to every application built. As a good programming practice, applications 
encompass the use of a table and a Java class rel~ted with each table. This commonality is associated with each table 
in a database. The building front provided by JDBC gives the programmer complete freedom from any issues related 
to particular database issues-the same code can~ no matter what database is present.[2]. 

XML has become the undisputable standard both or data exchange and content management. As a consequence, 
many thousands of database and application deve . pers are now facing the development challenge of converting 
XML data to a relational format. XML strengths He in different areas: it is text-based, human-readable, platform
independent, and open standard. Its self-describing nature allows it to represent structured data without any 
additional information. XML is a natural and persistent way for different database systems to share data across 
networks-. The impact of XML on database and data sharing has reduced the problems faced when sharing data 
through different application and database. An XML document presents a general format for allowing the extraction 
of data structure and content [8]. 

THE TOOL 
This tool is a modeling tool for data intense applications. It ailows Java attributes matching to tuples or reports. We 
have named this tool as Handy Tool. The Handy tool allows information sharing by using virtual Java techniques 
and XML structured data. The tool will facilitate the development of an application running within the same 
database the tool is being used. This tool was used in a project in our database laboratory, and it was very successful. 
This project included 12 tables. After we finished with the create table SQL, we run the tool and it was using the 
Java code to insert data within several minutes. Figure 1 shows the diagram of the steps to create an application 
using the tool. 

APPLICATION 

-Figure l - Steps to create the application 

When the tool is loaded, it requests the user to enter the name of the file being used. This file contains the SQL file 
that creates a table, as shown in figure 2. 
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Create Table Person 
(Personld 
Name 
Address 
City 
State 
Zip 

varchar2( 4), 
varchar2(50), 
varchar2(50), 
varchar2(20), 
varchar2( 15), 
varchar2(9)); 

Figure 2 - Create Table SQL file 
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Once the tool gets information from the user, the file is read and it goes through a parsing process. The parsing 
. process entails a technique where the create table, file is evaluated and parsed to generate the two files used in the 
application. The syntax diagram for the create table file is shown in figure 3. To create the grammar for the create 
table file, we use the meta-language Backus-Naur Form (BNF). BNF allows the creation of the syntax rules of the 
language being created for this tool. Using the gr\ mmar the parser will generate a tree to evaluate the string of 
tokens received: ' . , 

Figure 3 - Syntax Diagram for Create Table 

Using BNF rules for creating the grammar, we use the definitions of the following terms. 
<digit> -> o 11 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 
<size> -> <digit> I <digit> <digit> I <digit> <digit> <digit> I <size> <digit> 
<letter> -> A I B I C I ... I Y I ZI a I b I c I .. -1 y I z 
<i dent> -> <letter> I <ident> <letter> I <ident> <digit> 

For the moment, varchar2 will be the only type discussed for this paper. Future implementations will include the 
addition of other data types. The definition of attribute will be the same definition of an identifier, ident [3]. More 
details about the parsing will be shown in another paper written by the same writers once the tool is implemented. 
The two files generated by the tool are the Java file and the XML file. Once these files are generated, they can be 
manually inserted into the application being developed. The Java file as shown in figure 4 contains the objects for 
each attribute. It also has the gets and sets and the read and write for each object. 
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public class Person { 
private String PersonlD; 

· private String Name; 
private String Address; 
private String City; 
private String State; 
private String Zip; 
public Person() { } 
public String getPersonlD() { return PersonlD;} 
public String ·getName() { return Name; } 
public String getAddress() { return Address;} 
public String getCity() { return City; } 
public String getState() { return State; } 
public String getZip() . { return Zip; } 
public void setPersonlD (Strings) · { Personld = s;} 
publiG void setName (Strings) {Name= s;} 
public void setAddress (Strings) { Addr~ss = s;} 
public void setCity (String s) . { City = s; } 
public void setState (String s) { State = s; } 
public void setZip (Strings) {Zip= s;} 
public void readObject (DatalnputStream in) { 

Person ID = in.readUTF(); 
Name = in.readUTF(); 
Address = in.readUTF(); 
City - in.readUTF(); 
State = in.readUTF(); 
Zip = in.readUTF(); 

public void writeObject(DataOutputStream out) { 
out.writeUTF(PersonlD); 
out.writeUTF(Name); 
out.writeUTF(Address ); 
out.writeUTF(City); 
out.writeUTF(State )'; 
out. writeUTF (Zip); 

Figure 4 - The Java file 

The interaction of Java and database has made it easy to create dynamic applications. In Java developers are· allowed 
to use methods to manipulate data by giving applications runtime strength and self-sufficient .intelligence [5]. In the 
Java file example above for the person table, each attribute in the table is defined by a private attribute. The order of 
each object is important and must match the order of the attributes in the table. This object for the person table 
extends the class JObject. The get attributes-defined in this Java file is necessary to return the private attribute from 
the table. Similarly, the.set _attributes sets or ·updates the private attributes in the table. The readObject section makes 
the conversion of the Oracle format to the Java person object. Finally, the writeObject writes out the conversion 
from Java to the Oracle format. 

The XML file generated contains the JDBCObject for the table person as shown in figure 5. 
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<JDBCObject name="pos.object.Person" class="pos.sql.JDBCObject"> 
<init>insert into Person (PersonID,Name,Address,City,State,Zip) Values (1000,?,?,?,?,?)</init> 
<insert>insert into Person (PersonID,Name,Address,City,State,Zip) 

(Select max(PersonID)+ l,?,?,?,?,? from Person)</insert> 
<update>Update Person Set Name=?,Address=?,City=?,State=?,Zip=? Where 
PersonID=?</update> 
<remove>Delete From Person Where P~rsonID=?</remove> 
<find>select PersonID,Name,Address,City,State,Zip From Person Where PersonID=?</find> 
<max>select max(PersonID) from Person</max> 
</JDBCObject> 

Figure 5 -The XML file 

An XML document presents a general format for allowing the extraction of data structure and content. In a XML 
.document tags can be created freely whose syntax and semantics are specific to the target application [8]. In our 
example shown for the person object, JDBC obj~ts were implemented in this XML object to identify the SQL 
strings needed to manipulate the database such a inserting, updating~ deleting, and searching. In this XML object, 
tags were. created to allow manipulation such as · itialization, <init>, insertion <insert>, <update>, delete 

• <remove>, <find>, and capability for search for <max> personID. . 
I 

FUTURE IMPLEMENTATIONS 
The implementation of this tool can be greatly improved to include all the features provided by the SQL language 
such as the addition of a primary key, a seco_ndary key, other data types, the ability to update the table, and many 
other features. The tool can also be improved to add the creation of a MA. The tool would still generate the Java and 
XML files with the addition of a MA. Security concerns can also come to attention when using this tool. It is good 
to keep in mind that this tool will be l1.llllllng on a local machine. In case there is a need to access another database 
using this tool, a MA will be in charge of doing the process. MA's are now secure. There is no need to be concerned 
with the process of a MA. · 

CONCLUSION 
As information grow, the Handy tool will greatly help the development of applications to handle this data expansion. 
With the generation of the XML and Java files, this tool will reduce time and cost in the design ofa new project. 
The Handy tool will allow information sharing by using virtual Java techniques and XML structured data. The 
Handy tool will run in the same database where the application is being developed. It is also database independent 
which allows it to run in any database machine where the project is being developed. 
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AN EXPERT SYSTEM OF MICHAEL DELL'S KNOWLEDGE: 
FOUNDER AND CURRENT CEO OF DELL COMPUTERS 

Robert L. Mullen 
Southern Connecticut State University 

ABSRACT 
This paper describes the building of an expert system to advise managers in the computer industry from an expert -
Michael Dell. Mr. Dell is well-known for his company that builds customized computers. This study demonstrates 
how public informati_on on Mr. Dell can be used to build such an expert system. 

INTRODUCTION 
Expert Systems exploded in last decade of the 20th century to provide adyice and assistance in various areas of 
managerial support. One area where these systems are applied is to capture the knowledge of a recognized expert so 
that managers can access that knowledge easily. This paper describes the development of an expert system collecting 
the knowledge of Michael Dell, Founder and CEO of Dell Computers; as an example of how such systems could be· 
built. 

Since the early 1980s expert systems have been developed for the purpose of passing expertise from those with the 
knowledge to those who need the knowledge in a convenient and easily accessed manner. The idea is to tap the mind 
of the expert such that a less expertise person can solve problems normally handled by the expert without the expert 
having to be present. In the 1990s with the focus on downsizing and need to cut costs in all area, managers oflarge 
corporations have turned to expert systems to provide advise when the cost of hiring an expert (consultant) or access 

. to a previous expert employee who has been downsized is gone. The recent interest in knowledge management has 
caused a renewed interest in expert systems as a means to manage knowledge for easier and wider distribution. 

This paper addresses the area of manufacturing computers. Mr. Dell is well-known for his managerial skills in 
building a successful computer company. He is used as an example of the application of expert system technology to 
spread knowledge from an expert into other areas outside the experts normal area of expertise. It might be 
appropriate information for the Web.· In recent years, Mr. Dell made major changes in the manufacturing processes · 
of his company. He basically founded the concept popular today of "mass customization" as compared to the former 
manufacturing process of "mass production". 

NATURE OF THE STUDY 
This study involves the literature search for public information on Mr. Dell to build an expert system based on the 
recognized expertise of an individual in a narrow field of expertise. The model used for this system requires that 
sufficient publication of the expert's philosophy or knowledge exists such that the system can be developed without 
need to talk to the expert in person. This is used as a means of teaching capability of expert systems. It provides a 
case example of how expert systems are developed. Second, it serves as a practice for integrating knowledge from 
the public domain into a form acceptable for expert system development. 

RESULTS OF THE STUDY 
The first step in the study is to define th_e elements of an expert system needed for development. Figure I describes 
the components of an expert systems. Every.successful expert system spends equal time in developing each of these 
components · 
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FIGURE 1 

Components of an Expert Systems 

Dialog Screen 
Knowledge Base 
Inference Engine 

Presentation 
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Figure 2 provides a summary of knowledge Michael Dell used to guide the actions of the Federal Reserve. These 
premises have been organized into categories of knowledge for ease of including them in an expert system. 

FIGURE2 
Outline of Knowledge Categories of Michael Dell's Work 

I LEADERSIDP 

• Leadership must be continuously demonstrated. 
• Lead by example. 

I MANAGEMENT BELIEFS 

• Focus on the long-term. · 
• · Do not hesitate to make necessary changes. 

·1 STRATEGIC VISION 

• Success is measured by willingness to take risks. 
• Must have good timing in decision making. 
• Must be sensitive to the impact of decisions on the business. 

The next step is to organize the knowledge summarized in Figure 2 into statements of the form "if ... then .. .. " in 
order to build the knowledge base. The third step will be to design the appropriate dialog with an executive user of 
the system to question the executives action in such a way as to determine the advice that Michael Dell would give as 
a r~commended change most appropriate for the situation. 

FIGURE3 

Step Two - Developing the Expert System Knowledge Base 

If ........................... Then .................... . 

If you are not focused, then you must develop a focus on the business. 

If you believe timing is right, then you must make decision to change. 

If you believe there is a risk, then you must accept the risk. 

112 



Proceedings of the 2004 IEMS Conference 

FIGURE4 

Step Three - Dialog of the Expert System . 

Are you focused on the business? 
Is the timing right for change? 
Is there a risk to this decision? 

Y_ N_x_ 
y _x_N:__ 
Y X N 

The last step is to describe the process of transforming the knowledge collected from the expert system into a 
meaningful presentation to the executive seeking advise. Figure 5 represents the initial design of that presentation. 

FIGURES· 

Step Four • The Presentation from the Expert System 
I 

Based upon what you provided on your currerit status, Michael Dell would have given you with the following 
advice: \ 

Focus on the business and reconsider your belilf that timing is right for the business to change. 
Accept your judgment that the time is right for 1this change. 
Trust in your need to take a risk to change. 

Verify your current situation before taking this advice: 
You are not focused on the business. 
You believe timing is right for change. 
You believe there is a risk to this change. 

CONCLUSION 
This paper described the development of an expert system applied to capture the knowledge of a well-known expert 
in the field of computer manufacturing. It is intended as a guide for students in an undergraduate expert systems 
course so they may.select some other individual that they believe to be an expert and following this paper to develop 
a new expert system on their own. 
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LIGHT ENCRYPTION IN MOBILE DEVICES 

Aditya Padisala, Paulus Wahjudi, John Heath, Dia Ali and Maria Cobb 
University of Southern Mississippi 

ABSTRACT · 
Power and bandwidth limitations constrain the security features in lightweight wireless devices. We propose a 
methodology, which will combine encryption methods with a variation of wireless protocols. To achieve a plausible 
approach, we consider limited computing power, restricted memory capacity and device power duration. 

INTRODUCTION 
Wireless Technology is a rapidly emerging technology. The facilities provided by the wireless technology are highly 
advantageous and this makes users show interest,in this technology. Mobile devices connect people all over the 
world, wherever they are. Mobile devices widely used are Cell phones, PDAs and Laptops. These devices help 
people have access to important information anJhere they go. In the early stages of wireless technology, hackers 
were not interested in attacking the technology. owever, as wireless technology becomes the most rapidly 
emerging technology, hackers are showing intere t in hacking the mobile devices. Most of the users store important 
·information like credit card numbers, social security numbers and bank account numbers in their mobile devices. It 
may be problematic for the user, if his informatioA has been hacked and used by others. So, there is a need of 
providing security in the mobile devices. 

Most of the companies, which were providing wireless technology for users, did not consider advanced security for 
the users and few precautions were taken. As the users of mobile devices increase, there is a need to protect the 
wireless technology from the hackers and ,provide security to them. 

There are a lot of techniques that are used for providing security for the mobile d~vices, but I will be discussing the 
Encryption techniques, their advantages, disadvantages and better methods for providing the security in mobile 
devices. 

The wireless technology has limitations of power and memory (which will be discussed later). So, the encryption 
algorithm, which uses less memory and is more effective in working, is necessary in the mobile devices. We 
mention these as the Light Encryption methods used in the mobile devices and discuss about these encryption 
techniques. 

SECURITY IN MOBILE DEVICES 
There are various ways of providing security for mobile devices (1]. They are: 

• Access control: Physical access control is one of the most important problems in the security of mobile 
devices. As mobile devices are made to use outside the physical boundary of the home or office. There is a 
problem of erasure or downloading of data by unauthorized persons or theft of the devices. As most of the 
mobile devices may contain important information, providing authentication for the mobile devices can 
avoid this problem. 

• User authentication: The users are needed to provide some information of themselves, like a usemame 
and password, which will be checked by the device and verify the identity of user. If it is correct he will be 
able to access the mobile devices and use the information in the devices. 

• Data encryption: Transformation of data into a form unreadable by anyone is called encryption. This 
technique is very hard to break by any one, but not the most experienced thieves. The main idea is to 
encrypt the data in the devices and send it to the receiver of the data; then, he uses the decryption technique 
to decrypt the data and uses it. The mobile devices should be compatible with the encryption algorithms. 
Encryption is effective if the decryption key is with the authorized people. Access con~ol, user 
authentication and data encryption together are most helpful for providing the security in mobile devices. 
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• Fire~alls: Mobile devices are increasingly connected to the Iritemet. As a result, the danger of hacking has 
increased. Firewalls can be used for protecting the information in the mobile devices from the hackers. The 
addition of intrusion prevention features to the firewalls will further increase the. protection. 

• Antivirus: The connection of mobile devices to the Internet has increased the problem of viruses or Trojan 
horses. There are many different kinds ofvifll:SeS that make user .data less secure. So the network should be 
provided with antiviius techniques. 

• Administration infrastructure: The infrastructure used by the companies providing the connection to 
mobile devices should have all the protection facilities required for security. 

LIMITATIONS IN MOBILE DEVICES 
The mobile devices are mostly small. They are able to be carried anywhere, as they are made for this use. This 
results in limitations in the mobile devices, which should be considered _when providing the secunty. They are: 

• Device power duration: The power provided in the devices is very limited. It will last from 12-16 hours 
based on the mobile devices. So, the work needed by the user should be done in a short span of time to save 
power. 

• Restricted Memory:_ The memory provided in the devices is also limited. It does not have the capability of 
handling higher encryption algorithms. Nowadays, mobile devices with more memory are also available, 
but since most of the mobile devices do not have this facility, we will consider the memory to be limited. 

• Limited computing power: The computing power is limited in the mobile devices. It will last for 8-12 
hours according to the use of the mobile devices. · 

STANDARD FOR WIRELESS DEVICES 
IEEE 802.1 lb is a standard for wireless local area networks (WLANs) [2]. Other standards like Blue Tooth are also 
used, but 802.11 b is mostly used standard. It covers· systems in which an omni directional wireless radio generates a 
nominal 2.4 GHZ carrier wave that communicates over a theoretical range of 1000 feet and a practical limitation of 
less than 350 feet with devices equipped with 802.11 b transceivers. Directional radios have a much higher range (up 
to 30 miles) but are limited to a line of sight, and so directional radios are also used in fixed wireless networks. 
802.11 i and 802. lx are the new security standards, which are being developed for increasing the security in mobile 
devices. 

ENCRYPTION 
Encryption is the transformation of data into a form unreadable by anyone. Its purpose is to ensure privacy by 
keeping the information hidden from anyone from whom it was not intended, including those who can see the 
encrypted data. It is sometimes described as the process of converting plain text into cipher text. Encryption prevents 
any non-authorized party from reading or changing data. An encryption algorithm determines the level of protection 
provided by encryption. · 

There are two. encryption methods that are ·mostly used in the wireless devices; they are WEP (Wired Equivalent 
Privacy) and WPA (Wi-Fi Protected Access). 

WIRED EQUIVALENT PRIVACY 
Wired Equivalent Privacy (WEP) was the earlier mechanism to secure wireless networks [3]. It has three settings: 
off (no security), 64-bit (weak security), 128 bit (a bit better security). WEP was not difficult to crack, but with it 
data can be made somewhat harder to read, so WEP was used for sending data that only needs to be encrypted for a 
short amount of time. To communicate, all the wirel~ss devices must use the same WEP settings ( 40-bit and 64-bit 
WEP encryption are the same so 40-bit devices can communicate with 64-bit devices). By using a higher-bit key the 
performance is not improved, but the cost of transmission is more over the network. 128 bit security is not much 
more difficult than 64-bit to crack, but when performance is considered 64-bit is more effective. 
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WEP introduces the concept of passphrase. The passphrase we entered is converted into complicated keys; these are 
just like passwords. · 

• In 128-bit encryption, we need to enter a passphrase to generate each key. 

• Four keys must be specified, WEP switches between them to make the traffic difficult to break. 

• All devices within LAN must use the same passphrase. 

The WEP has some problems in providing the security in mobile devices due to the following reasons [4]: 
It uses an Rc4 algorithm, which is called stream cipher, in which the passphrase is converted into an infinite key and 
is then XORed with the plain text to form cipher text and then is sent to the receiver of the data. He then decrypts 
the cipher text by XORing it with the infinite key, giving plain text. 

There are two main problems with WEP. One problem is that even if the hacker doesn't have any information about 
the key, he can still change the cipher text, and the resulting plain text for the receiver of the data will change, which 
will be of no use. The second problem is that if the hacker is able to find two cipher texts, then by XO Ring both of 
them he can find the key. By this process, he can find all the four keys and can easily decrypt the data. 

Some properties like Integrity checking (IC) and Initialization vector (IV) were introduced to prevent these 
problems, but they were unable to protect it for a long time because the number of bits used for IC and IV were too 
low, which made it easy for the hackers to break the security and decrypt the data. 

The attacks in WEP are: 
• Passive attack to Decrypt Traffic: As discussed earlier, the data can be decrypted while sending to the 

· people in the wireless network. 

• Active attack to Iniect Traffic: The hackers finds the key and then injects the data into the network, 
sending the data to people for which it was not intended, thereby increasing the traffic in the network and 
decreasing its performance. 

• Active attacks from both ends: This comprises of both the attacks described earlier. 

• Table-based attacks: In this method the hackers find the four keys, makes a table of the keys, decrypts all 
tlie data, and by alternatively shifting the four keys he reveals the original plain text. 

WI-FI PROTECTED ACCESS 
Wi-Fi Protected Access (WP A) is the most secure technology for wireless networks [5] . WP A improves on the 
authentication and encryption features of WEP. WP A was developed to overcome t~e shortcomings of WEP. 

One of the key technologies behind WP A is the Temporal Key Integrity Protocol (TKIP). TKIP addresses the 
encryption weaknesses ofWEP. In this technique the key is temporary, it shares a starting key between devices, it 
then changes the key for every packet. This makes it harder for hackers to access the data, because even if they find 
the key, the key will have expired and a new key will be used. This provides considerable security in the network. 

Another key component of WP A is built-in authentication that WEP does not offer. With this feature, WP A provides 
roughly comparable security to VPN, with the benefit of easier administration and use. 

One important variation in WPA is WPA Pre Shared key or WPA-PSK. WPA-PSK is a simplified but still powerful 
form ofWPA. To use WPA-PSK, a person sets a static-key or passphrase. By using TKIP the WPA-PSK · 
automatically changes the keys after a particular interval of time, making it much more difficult for hackers to find 
and exploit data. 
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Advantages of WP A: 
• Authentication facility is provided to WEP's basic encryption, helps for extra security. 

• It provides strong wireless security for most of the new computing environments. 

• It uses AES encryption algorithm, which is stronger than the RC4. 

• For the devices that are not upgraded, it provides backward compatible WEP .support. 

• It is integrated with RADIUS server to allow administration, auditing and logging. · 

Disadvantages of WP A: 

• It requires firmware upgrade for main p~oducts . 

• In this, Except when using with the 'preshared key (WP A-PSK), complicated setup is required . 

• 

• 

Older firmware usually will not be 1pgraded to support it. 

It is Incompatible with older operat~ g systems such as Windows 95 . 
. \ 

• Performance overhead is greater th~ WEP. · 

Advantages of WP A over WEP: 
• An encryption key differing in every packet. The TKIP mechanism shares a starting key between devices. 

Each device then changes its encryption key in every packet. It is extremely difficult for hackers to read 
messages, even if they've intercepted the data. 

• Certificate Authentication (CA) can be used, blocking a hacker acting as a valid user from accessing the 
Internet. · 

MODIFICATIONS OF ENCRYPTION IN MOBILE DEVICES 
The encryption algorithms described still have some disadvantages and have a possibility of being hacked. Some of 
the modifications I suggest that may be helpful for improving the security are: 

There is a security weakness when mobile device initially create a connection with each other. At this point the 
devices send some information to establish the connection between them. It is fairly simple for hackers to find this 
information, and then use the connection to collect the data sent between the users. I suggest that the information 
used.to establish the initial connection should be encrypted and sent, and then the· receiver decrypts it and establishes 
the connection. Until the hackers decrypt and establish the connection, the users can send their data and close their 
connection with impunity. This method will be helpful for protecting the data for a certain amount of time and if a 
powerful encryption algorithm is used, it will be hard for the hackers to get the data. 

I suggest using new and highly secure algorithms such as RSA, which are hard to decrypt.. The developers are 
constantly altering the algorithm so that before the hackers decrypt the algorithm, it has already changed. The 
developers of these algorithms are always one step ahead of the hackers in order to make it much more difficult to 
decrypt. These algorithms will be helpful ~or providing more security in the mobile devices. 

One more important concept is that mobile devices have limitations due to their size, but the administrator who is 
providing the connection has no limitations. He has the facility of power and memory needed, and as the data is sent 
through the administrator, he can use a higher encryption algorithm. In this model, the sender, a mobile device, 
encrypts the data with a fairly simple algorithm and· sends it to the server. The server then encrypts the received data 
using a more powerful encryption algorithm, and sends into the network. When the receiver's local server gets the 
data, it decrypts the data using the decryption method· of higher encryption algorithm, retrieving the original 
encrypted data, which will then be decrypted by the receiver and the data is received. By encrypting the data twice, 
it makes the data very difficult to break by the hackers, as we are able to use the best encryption algorithm, 
overcoming the limitations of the mobile devices. 
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FUTURE ENCRYPTION TECHNIQUES 
There is no Encryption algorithm that is impossible to break. No matter how .critical the algorithm may be, it can be 
hacked. For some time factor, the algorithm may work fine. As the hackers try to hack the algorithms, the 
developers are developing more and more complicated algorithms, which are hard to break. An example of one 
such algorithm is RSA. As the hackers are trying to decrypt the RSA algorithm, the developers. are adding more 
techniques in the algorithm to make it h~der, improving the security [6]. 

The Encryption algorithms we discussed are based on the classical mathematical view. Some developers are coming 
up with the idea of encryption using computational, biological, and physical techniques. Some of the future 
techniques with this idea are: 

Quantum Cryptography: In this method the developer encrypts the data, by taking into consideration speed of 
transmission, phase density and others, which will be specific for the data connection done and will be hard to hack. 

DNA Cryptography: In this method they use some biological calculations for encrypting the data. 

CONCLUSION 
.Encryption in mobile devices is a topic that has no limits. There is no perfect Encryption technique that cannot be 
hacked forever, but I feel that I have presented the most possible techniques for the security of mobile devices using 
encryption and also the modifications specified would help dramatically in protecting the security. The encryption 
techniques used are based on classical methods, and as many people are familiar with the classical methods, it is 
always possible for them to hack the data. 

However, since many of the new encryption techniques and ideas are developing outside the classical environment 
of computer sciences in the areas of computational and biological sciences, most hackers will not have significant 
understanding of the new security methods. Likewise, computational and biological experts will have less 
knowledge in computers. So, the combination of these two techniques will make· it hard for most hackers .to get the 
data. In the future, these revolutionary methods may provide indomitable encryption techniques, overcoming the 
security limitations of mobile devices. 
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ABSTRACT 
Message dependent deadlocks occur due to the interactions and dependencies among heterogeneous message types 
at network endpoints. These deadlocks red~ce communication efficiency and reliability in parallel computing 
systems. Message dependent deadlocks span not only between network endpoints but also across endpoints. mDisha 
technique handles message dependent deadlocks by making use of a circulating token and special deadlock message 
buffer at the network interfaces. The token management mechanism used in mDisha presents a single point faih.u:'e 
when the node with the token fails. In this paper, we propose· a reliable token management mechanism to enhance the 
present system with a small overhead. We erµploy a node in the network to act as an Active Monitor, responsible for 
monitoring the token. The active monitor periodically scans the network for the token and if it is not found, it 
releases a new token after eliminating the si1f le point failure. 

\ INTRODUCTION 
The performance of parallel processor systems depends on the effective utilization of multiprocessor nodes and, to a 
large extent, efficient communication among the nodes. In implementing the techniques to increase communication 
efficiency the critical issue of deadlocks must1 be addressed. Deadlocks in routing can occQT as a result of cyclic 
dependencies on network resources [I]. 

Network routing techniques that either avoid or recover from a routing dependent deadlock [8][9] assume that 
messages in the network always sink upon arrival at their destinations. That is, it is assumed that the delivery of 
messages is not coupled in anyway to the generation or consumption of any other message in the network end points. 
This assumption might be true for networks with homogenous message types but it is invalid for networks with 
heterogeneous messages types and dependenci_es among the different messages. Deadlocks arising from the 
dependencies and interactions created at network endpoints between different message types are called message 
dependent deadlocks. 

Message dependent deadlocks, once they occur, block the resources in the network indefinitely. The techniques 
employed to handle routing dependent deadlocks [9] cannot detect them. Message dependent deadlocks reduce the 
communication efficiency and reliability, thereby degrading the performance of a network. Thus it is important to 
guard against not only routing dependent deadlocks but also against message dependent deadlocks. 

In this paper we study a popular technique, called mDisha, for handling message dependent deadlocks and propose 
· an enhancement which overcomes the problem of single point failure due to token. 

The remainder of the paper is organized as follows: Section 2 provides background on message dependent 
deadlocks. Section 3 discusses mDisha technique for handling message dependent deadlocks. Section 4 proposes a 
new enh~cement to mDisha technique and finally, Section 5 concludes the paper. 

· MESSAGE DEPENDENT DEADLOCKS 
Multiprocessor or multicomputer systems consist of various types of messages. The most generic message types that 
are used to exchange .information or messages between communicating entities are request and reply or send and 
receive. In addition to these, many other message types may be defined by the communication protocol of the 
system. At any given end node in the system, there can be a coupling between the two message types: the generation 
of one message type ( e.g., the reply generated by the destination) is directly coupled to the reception of another 
message type (e.g., the request received by the destination). As the coupling between message types is transferred to 
network resources, due to the finiteness of resources along the message path inside each.node (at network endpoints), 
additional dependencies on network resources are created, referred to as message dependencies. Message 
dependencies occurring at network endpoints (i.e., on injection and reception resources) may prevent messages fro_m 

119 



Proceedings of the 2004 IEM~ Conference 

sinking at their destinations. Furthermore, when message dependencies are added to the complete set of resource 
dependencies, knotted cycles [4] may form along escape resources [5], resulting in possible deadlock. We refer to 
deadlocks arising from these phenomena as message dependent deadlocks [1]. 

A message dependency chain represents a partially (or totally) ordered list of message dependencies allowed by the 
communication protocol. We define. the partial order relation"<" between two message types, ml and m2, by the 
following: ml < m2 if and only if m2 can be generated by a node receiving ml for some data transaction. Message 
type m2 is said to be subordinate to ml, and all message types subordinate to m2 are also subordinate to ml. The 
final message type at the end of the message dependency chain is said to be a terminating message type. The number 
of message types allowed withm a message dependency chain is referred to as the chain length. 

Message-dependent deadlocks, once they occur, block resources at network endpoints as well as inside the network 
indefinitely, even if an algorithm is used to a:void routing-dependent deadlocks [11]. As a specific example, let us 
consider the case of a simple four node system interconnected by a unidirectional ring network using two virtual 
channels in such a way as to avoid routing didlock between network endpoints [3], as shown in Fig. la. A 
proc.essor-memory node is connected to eac router via the node's network interface that transmits and receives 
messages to/from the network through its ou ut and input queues, respectively. Fig. 1 b depicts the message 
dependency that can occur at the network en point. Routing deadlocks are avoided between endpoints within the 
ring by limiting the routing freedom of · 

~ 
0\ ·~ 

CHS b 
◄······• • ........... o 

CH2 ________ .................................................. ..... .. 
Fig a Fig b 

Fig. 1. (a}A four node system interconnected by a unidirectional ring network .(b}Resource dependency grap 
h. 

messages using the following algorithm: if the destination node number is smaller than the current node j, messages 
are _routed on low virtual channels CLj, and if it is larger than the current node, messages use high virtual channels 
CHj; otherwise, messages are delivered to the node. The channel dependency graph [3] for the routing algorithm is 
shown in Fig. lb as solid arcs and is cyclic-free between endpoints. However, when Node RI sends a request 
message to Node R3 and Node R3 responds to the request by sending a reply message back to Node RI, a message 
dependeqcy from the high to low virtual channels in the network ( shown as dotted arcs in the figure for Node R3 
only) exists through the network interface channel represented by CR3 at Node R3 . This completes the cycle in the 
dependency graph, making message-dependent deadlocks possible. 

. . MDISHA TECHNIQUE . 
This technique is a kind of progressive deadlock recovery technique [I] [10]. In mDisha ea~h router has a centralized 
flit sized buffer (DB) and all network interfaces attached to each router have a deadlock message buffer (0MB). 
These buffers are used to progressively route a message once it is detected. Typically the DMB and the network 
interface input and output queues are of packet size. All network resources can be completely shared by all the 
messages. A circulating token visiting all the routers and network interfaces, is captured by node·or a network 
interface containing a potentially deadlocked message, and is released once the message is sunk in the destination. 
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Potential deadlock messages can be detected at network interfaces. They are detected when three conditions are met 
as 1n [ll: (1) both the input and output queues allocated to a message type and its subordinate message type fill up 

. beyond a threshold value, (2)the message type at the head of the input queue is one that generates a non-terminating 
message type, and (3) the first two conditions continue for more than a thresh~ld time-out period. 

End 

Deadlock 
detected 

II 

Token captured 

No 

M, 
is token 
bodcr 
initi11tnr 

Morcmsgs 
to recover 
thra DMB 

VII 

Memory cache controller removes head of 
input queue, processes it and deposits 
subordinate mcssaees in DMB 

. Message in DMB routes through DBs 
to destination 

Memory cache 
......._ _____ --I controller deposits 

new r~oonsc to o/o 0 

11....--......._---, 
Memory cache 
controller deposits 
new response to 
DMB and reuses 
token 

Fig .2. Flow Chart for message dependent deadlock handling based on mDisha 

When a deadlock is detected, the network interface captures the circulating token. The nonterminating message type 
at the head of the mess~ge queue is processed by the memory controller and the generated subordinate message type 
is put into the DMB at the network interface. If the message input queue at the destination is not full then the 
message sinks into the queue else the memory controller is preempted after it completes its current operation to 
process the message. This recovery process continues througho1:1t the length of the message dependency chain until 
either the subordinate message is delivered to an output queue of the generating node or an input queue of the 
destination node or a terminating message type is eventually generated, which will be consumed directly by a 
memory controller or by an input queue. Each token receiver returns the token to the associated token sender. If the 
token returns to the node which initiated the recovery process and the node has no more messages to deliver with the 
token, the deadlock recovery process ends. At this point, the token is released for recirculation. The above procedure 
to recover from a deadlock can be pictorially depicted as shown in Fig .2. · 

The mDisha technique maximizes routing freedom and resource utilization by allowing the messages to freely use all 
resources except minimal deadlock recovery resources. However the limitations of this scheme are that the token 
presents a single point failure and only one message dependent deadlock can be resolved at a time. In dealing with 
the first short coming it is necessary 'to h~ve a reliable token management scheme. The second ~hort coming is not a 
problem as long as ~e ~quency of message dependent deadlocks is low as shown by the simulation results in [ 1]. 

PROPO~ED MDISHA ENHANCEMENT 
The token management mechanism used in mDisha presents a single point failure when the node with the token fails. 
In this section, we propose a reliable token management mechanism to overcome this problem with small overhead. 
In our approach, one of the nodes in the network acts as an active monitor, monitoring the token. The other nodes act 
as stand-by monitors prepared to take over if the active monitor fails. The active monitor periodically scans the 
network for the token; if not present, it releases a new token there by eliminating the ·single point failure. Next two 
subsections, discuss the token's protocol and its failure management mechanism. 
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Token Frame Fields 
The three token frame fields are swnmarized as follows: 

• Start delimiter-Alerts each station of the arrival of a token (or data/command frame). 
• Access-control byte-Contains the Priority field (the most significant 3 bits) and 

the Reservation field (the least significant 3 bits), as· well as a token bit (used to differentiate a token from a 
data/command frame) and a monitor bit (used by the active monitor to determine whether a frame is circling 
the ring endlessly). 

• End delimiter-Signals the end of the token or data/command frame. 

Token Failure Management Mechanisms 
Token failures can be detected by employing one station in the network as the active monitor [7]. This station, which 
potentially can be any station on the network, acts as a centralized source of timing information for other ring 
stations. 

Duties of an Active monitor include detecting a lost token and removing duplicate tokens. The Active monitor 
maintains the master clock to which all the other stations synchronize. It detects a lost token by maintaining a timer 
called any token timer that has a timeout which exceeds the time required for the longest frame to circulate in the 
network. It periodically sends out a frame called Active Monitor Present by resetting it's receive notification timer. 

·This frame visits all the nodes in the network [12] and comes back to the active monitor. If the frame does not come 
back to the.sender within this timer's time out then the active monitor initiates the Claim token Process. 

An active monitor will deactivate its functions if it detects another active monitor present in the network. This 
condition is detected if an active monitor receives an Active Monitor Present Frame with a source address other than 
its own. While one node acts as an active monitor all the other stations act as stand-by monitors. This standby 
monitor makes sure that the active monitor periodically transmits an Active Monitor Present Frame. It does this by 
restarting its receive notification timer each time an Active Monitor Present Frame is received If this timer expires 
the standby monitor assumes that the active monitor has malfunctioned [13] or is no longer present and initiates the 
claim token process. · 

· The Claim Token process [7] determines which station becomes the active monitor when 1) the Beacon process is 
resolved, 2) the Ring Purge process fails, or 3) a station detects that the active monitor functions are not being 
performed properly. 

The Claim Token process is started when a station enters the Transmit Claim Token state and begins transmitting 
Claim Token frames. Stations not in the Claim Token state enter the Repeat Claim Token state when they receive a 
Claim Token frame. If a station in the Transmit Claim Token state receives a Claim Token frame with a source 
address that has a higher numerical value than its own station address, then it reverts to Repeat Claim Token state. 
This ensures that if multiple stations enter the Transmit Claim Token state, then stations will be eliminated until a 
single "winner" remains. That last station remaining in the Transmit Claim Token state wins the Claim Token 
process when it receives its own Claim Token frame. 

The station winning the Claim Token process becomes the active monitor. It purges the network and releases a new 
token. If a station identifies that the Claim Token process has failed to complete within the time specified by the 
"claim token" timer, it starts the Beacon process by entering the Transmit Beacon state and transmitting Beacon 
frames. 

CONCLUSION 
Message dependent deadlocks occur due to interactions and dependencies among heterogeneous messages at the 
network endpoints. We discussed mDisha technique for handling message dependent deadlocks. This technique uses 
a circulating token which is captured by network interface when a potential deadlock is detected. The token presents 
a single point failure on the entire system. In this work, we enhanced the mDisha technique with a reliable token 
management scheme. Whenever there is a failure with token, like if the token fails or the node having the token fails, 
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the11 the· .active monitor regenerates the token and makes sure that token management is reliable. In cases when the 
active monitor fails, one o:fth~ standby monitors takes the job of the active monitor. 

The notion of a deadlock recovery path and the presence of a reliable token 11).anagement sch~me can be generalized 
to that of a special recovery path intended for use in circumstances other than ·deadlock resolution. This allows even 
greater flexibility in routing options so long as the overuse does not significantly prolong deadlock recovery. The 
special recovery path could be used, for example, for recovering from congestion or possibly used for routing high 
priority packets. 

REFERENCES 

[1] Y.H.Song and T.M.Pinkston,"A progressive approach to handling message dependent deadlocks " ' IEEE Trans: 
Parallel and Distributed systems, Vol.14, No.3, pp.259-275, March 2003 

[2] T.M. Pinkston, "Flexible and Efficient R0uting Based on Progressive Deadlock Recovery," IEEE Trans. 
Computers, vol. 48, no. 7,pp. 649-669, July 1999. 

[3] W. Dally and C. Seitz, "Deadlock-Free Mes~age Routing in Multiprocessor Int~rconnection Networks," IEEE 
Trans. Computers, vol. 36, no. 5, pp. 547-553, M, y 1987. 

[4] S. Warnakulasuriya and T.M. Pinkston, "A Pormal Model of Message Blocking and Deadlock Resolution in 
Interconnection Networks," IEEE Trans. Parallel and Distributed Systems, vol. 11,no. 3, pp. 212-229, Mar. 2000. 

[5] J. Duato, "A New Theory of Deadlock free Adaptive Routing in Wormhole Networks," IEEE Trans. Parallel and 
Distributed Systems, vol. 4, no. 12, pp. 1320-1331, Dec. 1993. 

[6] Chakraborty,R.N.; Yaprak, E. "Improvement in reliability of the token ring network by reversal of token in case 
of a single component failure ".Proceedings of the 36th Midwest Symposium on, 16-18 Aug. 1993 Page(s): 1152 -
1154 vol.2 

[7] Gilbar, T.; Wunnava, S.; "Fault tolerant token ring model development".Southeastcon '95. 'Visualize the Future'. 
Proceedings. IEEE, 26-29 March 1995 Page(s): 123 -127 

[8] L. Schwiebert and D. N. Jayasimha, "A Necessary and · Sufficient Condition for Deadlock-free Wormhole 
Routing," J. Parallel and Distributed Computing, vol. 32, no. 1, pp. 103-117, Jan. 1996. 

[9].J. Duato, "A Necessary and Sufficient Condition for Deadlock-Free Adaptive Routing in Wormhole Networks," 
· IEEE Trans.Parallel and Distributed Systems, vol. 6, no. 10, pp. 1055-1067, Oct.1995 . 

[10] K.V. Anjan and T.M. Pinkston, "An Efficient, Fully Adaptive Deadlock Recovery Scheme: DISHA," 'Proc. 
22nd Int'l Symp. Computer Architecture, pp. 201-210, June 1995. 

[11] RC. Holt, "Some Deadlock Properties on Computer Systems," ACM Computer Surveys, vol. 4, no. 3, pp. 179-
196, Sept. 1972. 

[12] G. Edwards, R, Sankar, and P. Roth, ''CSIM Simulation of a Token Ring LAN, Transactions of the Society for 
Computer Simulation", Vol.9,No.1, pp.39-58, March1992. 

[13] P. Roth and R. Sankar, "Token-Ring Net\york - A Comparative Simulation Study", Proc. 21st Pittsburgh 
Modeling and Simulation Conference, Pittsburgh, PA, May 1990, pp. 827-832. 

[14] R. Sankar and S. Varada, "Dynamic Protocol for Token Ring Network with .Unbaianced Load", Proc. IEEE 
Southeastcon '92, Birmingham, AL, April 1992, pp. 10-13. 

123 



Proceedings of the 2004 IEMS. Conference 

COLLABORATIVE VIRTUAL ENVIRONMENT FOR HETEROGENEOUS ACCESS, MODELING, 
AND ANALYSIS OF GEOSPATIAL DATA 
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ABSTRACT 
Visualization is one of the most powerful and natural ways for humans to understand and analyze situations, 
patterns, and models. Ideas are easier to understand when expressed visually rather than textually or numerically. 
Needless to say, the nature of the data set being studied will determine the most efficient way for the presentation of 
such data. Efficient visualization systems are not limited to mere graphic presentation of the data as is. They should 
. reduce the complexity of data by removing irrelevant details to enable users to easily focus attention on the patterns 
that exist within the data. Removing unnecessary• details will ensure that important factors that are necessary for 
decision-making or for the understanding of the data will be easier to identify. 

We proposed the design of a collaborative virtual environment for geospatial data manipulation and analysis. The 
design will facilitate research efforts at remote lo ations using a variety of software and hardware platforms to 
access and visualize research data as well as prov~e tools for data analysis and evaluation. In addition the design 
allows users to carry out real-time collaborative tasks that provides a new dimension for image evaluation and 
understanding. Multiple and collaborative visual user interactions, especially during the analysis phase of the data, 
will optimize the utilization of intellectual resources. Users would be able to utiiize the system's main tools and 
features using the whole spectrum of high:.performance, medium-range and low-end systems and with the 
incorporation of web-based communication, geographical limitation is no longer a hindrance. 

GIS VISUALIZATION 
The primary objective of the proposed research is to develop a collaborative environment where researchers from 
different location can analyze geospatial data. The environment will facilitate the researchers within a virtual 

. environment from the visualized geospatial data and the tools required to analyze the data. Creation of such virtual 
. environment from a geospatial data requires the incorporation of an existing geospatial data into an imrnersive 

environment. Collaborating multiple users within a virtual environment provides new approach on image under
standing, where groups of users will interact with each other on a specific geospatial data. Meanwhile, the flexibility 
of a virtual environment will provide the users direct interaction of the features within the data itself. In addition, an 
automated analysis can be build within the environment where the user will experience the result of the analysis. 
Currently, there are limited features and tools to analyze geospatial data as a visualized environment, most data are 
represented as a highly detailed digital maps. There are currently no tools for collaborative analysis of geospatial 
information. In order to resolve these limitations, we propose a virtual environment, visualized from geospatial data 
that support multiple user interaction. 

The .proposed design is a collaborative visualization with multiple user interaction. This approach provides the best 
functionality where users with different platform of visualization will be able to contribute and interact within the 
virtual environment. The use of collaborative approach provides workload balancing between the different visua
lization platform of the user while the multiple user interaction will maintain each users interaction with a virtual 
environment and with each other. 

Visualization has not been incorporated into GIS to the full extent. General GIS visualization is used to provide 
visual end product such as detailed 2-D and 3-D map data. Other than that, visualization has primarily lived in a 
separate world from GIS. In reality, visualization provides numerous features that are useful tools that improve 
analysis of data. The general concept that allows the existence of this tool is due to the nature of ~isualization itself. 
Fundamentally visualization is the process of creating a digital representation of a specific data, and more specifi
cally surface and spatial data in the context of GIS. The data are then represented by recreating it with different 
objects that blends with different object and in turn approximate the shape and form of that object. Since the 
environment itself is a recreation, every aspect of the environment can be modify to simulate different conditions 
and the parameters of the environment can also be modified. This simple yet powerful concept opens the possibility 
of future tools to aid in GIS analysis. 
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In summary, .we believe that to increase the analysis capabilities of geospatial data a visualized representation of the 
data will increase the understanding and interpretation of data. In addition, the ability to manipulate information 
within a virtual environment can incorporate both intelligent analysis and also human analysis, giving researchers to 

· experience the analysis first hand. 

SYSTEM ARCHITECHTURE 
The architecture to support the work incorporates two centralize server that will provide the support needed for the 
users. Users are grouped within a session. Users within a session will be in the same virtual environment based on 
the requested data. The primary user that creates the session will be the administrator for that session and have the 
ability to control which users to be included in the session and what data to be visualized. Once the data is retrieved 
and all the necessary pre-processing are done, the session will then be move to the visual server· where the virtual 
environment is rendered. 

When the virtual environment is completed, the user will be aple to navigate within the environment and interact 
with the other users. Users can also modify the elements of the environment to manipulate the data. There are also 
embedded tools within the application that will generate a simulation with an adjustable parameters for the user in 
order to provide a rriore realistic and visible simulation of that specific scenario. The manipulations done on the 
environment, as well as the parameters used can be saved for future use and comparis'on to different scenario. Users 
can also take snapshots of the environment in real time and create fly-thru movie from that session. These tools are 
useful in providing follow up analysis or any additional analysis needed. 

Once the basic framework of the virtual environment is built, more tools can be built upon it to provide better 
functionality and analysis of GIS data. Due to the complexity of GIS data analysis, it is important to provide the 
human factor a better representation of the data that can be understand and interpreted better than the conventional 
representation. Visualization and the ability to manipulate the virtual environment will be able to provide a high 
detailed representation and at the same time provide improvements in GIS analysis tools. 

The process of creating the virtual environment and connecting multiple users within that environment is achieved 
by using the data server to register all the session~ and the information pertaining to that session, such as user list, 
the requested data to be visualized, etc. As shown in figure 1, the each users involved in the visualization will 
establish connection to the data s~rver and grouped into sessions. The data server will then retrieve the necessary 
data from the database.' The data will then be pre-processed to for visualization by the data server. 

Once the session is completed, the session is moved to the visual server where the virtual environment is created. 
The data is first moved from the data server to the visual server~ while the connection to each user is still to the data 
server. This is done to ensure that each user will only enter the virtual environment when the environment is 
completed. Shown in figure 2 is the transition state when the data is transferred to the visual server for rendering 
w~ile the clients are still connected to the data server. 
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Once the users are connected to the visual server as shown in figure 3 and the users will enter the virtual 
environment, The visual server will receives communication from each user and broadcast it to the users to ensure 
that all users are synchronized. To remove the workload from the users computer, the visual server will be used to 
manage changes that are computer intensive such as removing all building from the current environment, simulate 
an earthquake in a specified location, etc. These manipulations will require intensive computation to be done on the 
virtual environment due to its nature that affects different element within the environment. 
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Figure 3. Virtual Environment connected to different clients. 

In GIS visualization there are several steps that must be followed to ensure a good result especially when dealing 
with spatial data. First step is the extraction of the data itself, this is a crucial step since spatial data most of the time 
will have features related to an area and relationship between different features within that area. The features of the 
area must not be lost and their relationship with the area being displayed must be maintained. For example a parking 
lot that exist at the back of a building must be visualized in the correct position facing the right direction instead of 
being visualized in front of the building. To maintain such accuracy is more important in visualization than the 
actual width and length of an element. Most calculation of width and length are done by ratio since distance in the 
real world is significantly different than a virtual environment especially when speed of travel is takeri into 
consideration. 

Second step is the creation of the virtual environment. The most effective way for GIS data is by visualizing the 
layer by layer. The layer here is. the different feature in that specific area. For example there is an area with trees, 
buildings, roads and rivers. The visualization will start with the area first and then continue to visualize the trees, 
and then the roads· and so on. This approach is more effective than visualizing the area by traversing thru all the 
coordinate location and visualize all the features that are found in that location since it will take more processing 
power. 

Figure'4. Virtual Environment layers 

Once the environment is rendered, the final step is to put the user into the environment-and defined their visual 
scope. For an immerse environment, the user will have a wider scope than a user-in front of a monitor. This is 
another issue arise from the possibility of different visualization environment. Another method for the workload 
balancing is how the user vision is defined. Processing power can be conserved if the rendered environment is orily 
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the one in the user vision scope. But doing this does not always ensure a smaller processing power especially if the 
user is very active and constantly changing its view scope. When the user moves or changes his view scope there is 
two ways to give the effect that the user itself is moving. The first ones are to rotate the environment, while the view 
scope of the user is standing still. This will, give the effect that the user has move. Since the visualization done here 
involve multiple users in one environment, this method cannot be implemented. The second method involves the 
rotation of the user scope itself. This is concept is · a little harder for the programmer to do but will work nicely even 
with multiple user in one environment. From the virtual environment, the user can do what he/she wants whether it 
is analyzing an area or simulating an event. What the user can or cannot is dependent to the availability of the tools 
for that specific task that can modify the current virtual environment. 

The network topology is a star network. This topology is used because it provides the best method for handling the 
distribution of workload to the different users. This is achieved due to the small distance between messages from 
any user to the center node. Another advantage from the topology is the ability to control the traffic much closely: 
Since all messages must go thru the center node, traffic control can be easily done by holding or passing a message 
to its destination. At the same time, error handling is also easier to implement since the error in the messages can be 
dealt with before it reach the destination and thus saving the time to .resend the message from the beginning. In this 
star network, there is no direct communication between users and all communication will be managed by the visual 
server as an attempt to reduce the workload of the slower machines even more. 

there are three primary interaction provided to the user, movement, memo and modification that all extend from the 
basic message object to manage the communications. The interaction objects are divided based on the need of 
interaction within a collaborative visualization. Moveme~t object relays the information of a user movement within 
the virtual environment since. each user can see everybody included in the virtual environment. Memo object allows 
users to interact with each other using messages. Currently only text message are considered, as visualization tools 
expand it is also possible to incorporate audio and visual message within a virtual environment. 

Interaction can also be built into the ·application in order to create simulation within the virtual environment. 
Intelligent expert system can be incorporated to the application to create a simulation in the virtual environment. The 
users can also adjust the parameters of the environment and the simulation to get the best simulation and result. 
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NETWORK TRAFFIC SHAPING USING NEGOTIATING MOBILE AGENTS 

Paulus W ahjudi, Dia Ali, and Maria Cobb 
University of Southern Mississippi 

ABSTRACT 
We propose a system using Mobile Agent to do traffic shaping on a closed network. The mobile agent will monitor 
the network and adjust the network traffic. The agents will adjust client packets transmission and routing. Based on 
current network,. the agents will maintain a fair load for each client with maximum resource utilization and resolve 
any problem in the network traffic 

INTROD(ICTION 
Network workload varies greatly depending on time, users, and other. factors. The need to dynamically adjust the 
network traffic is ~rucial in providing service. Priorities need to be set on important items and monitoring must be 
done to prevent waste of network resources and reclaim it. 

We propose a system using Mobile Agent to do Jaffic shaping on a closed networ~. The Mobile Agent will monitor 
the network and adjust the network traffic. The A~ents will also adjust the client packets transmission and routing. 
Based on the current network usage, the agents wtll try to maintain a fair load for each client with maximum 
resource utilization and resolve any problem in th~ network traffic both for underutilized and over utilized traffic. 
Network resources are valuable in both money and man hours involved to develop, deploy and maintain it. 
Companies such as banks, airlines and other e-commerce, depend heavily on the network resources on daily basis. 
In order to ensure that service is provided, the companies went into great lengths to reduce the number of downtime 
and loss, of communication. Loss of communication where no transaction is being done resulted in loss of revenue. 
However, to prevent such loss, network administrator focuses on two important area of networking that are closely 
tied together. First is network security to prevent DDOS attacks and second is network traffic shaping that allocate 
and de-allocate network resources accordingly, We wiff discuss how the use of negotiating mobile agent will 
increase the efficiency of network resources. The common approach in traffic shaping is the use of a centralize box 
that will regulate and monitor the use of network resources. This solution incorporates both hardware and software, 
where traffics are being passed through this central box before sent out. However, the deployment requires the 
network administrator to setup PC within the vicinity of the network to provide an active monitoring of network 
activities. 

INTELLIGENT MOBILE AGENT 
The centralize model are better.in providing a constant network control and application to the network policy will be 
-automatically implemented. However, the central box could be overloaded occasionally by the incoming traffics and 
its ability to dynamically adapt to different situations is not available. The proposed model uses intelligent mobile 
agent to negotiate between individual computers the use of network resources. By this we mean that each computer 
will determine when and where it will require the use of network resources. This action involves what we call as 
"PC profiling", where each PC will collect its daily activities involving user activities in a seven days span and 
determine the resources needed on each time. The information are collected anonymously regardless of which user 
is using the computer. This approach works nicely on both single user PC and multi user PC to give the frequency of 
computer use. When a network resource is required, the PC will send out the negotiating agents into the computers 
in the workgroup. Each PC will then -assess their daily activities and decided whether to approve the request or not. 
The computational intelligence-of each mobile agent provides the power and ability to negotiate the size resources to 
be allocated based on availability and also the requirements from other machines. 

NEGOTIATING AGENT 
The basic idea of the model is simple and straightforward. However, the implementation is much more complex 
because of the fact that the network resources are allocated dynamically and requested frequently. To avoid sending 
numerous agents every time a request is made, each machine is allocated a minimum network bandwidth_for upload 
and download. The minimum bandwidth is sufficient to facilitate repetitive tasksuch as surfing the Internet and 
sending emails but insufficient for downloading files and/or running an active web server. The mobile agent 
incorporates CLIPS expert system to do PC profiling and also aid in the decision-making. The rules of the systein 
are categorized in two factors, time and resources. The time is set in a period of one hour and the resources are 
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divided into: upload or download, file size, application type (browser, ftp, email, etc) and a priority value. Each PC 
is categorized into different types, regular pc uses the network resources frequently but rarely exceed the minimum 
size. A server is categorized as constantly uploading files with limited downloading. A downloader is pc that most 
likely tied up the network bandwidth with large size downloads. If a PC falls as both a server and a downloader, it is 
most likely that that PC is abusing the network unless otherwise specified. 

Each mobile agent will carry the information whenever a request exceeding the minimum bandwidth is requested. 
The decision-making algorithm used incorporates the analysis of the individual PC need for resources based on the 
current profile. The algorithm analyze whether or not the current PC require the use a larger network resource within 
the next 1-3 hours. If not, the negotiation is approved and the resources will be relinquished to the requesting 
machine. If the PC requires networkresource within the next 1 hour, the request will be deny. The requesting agent 
will then adjust its request to negotiate a new resources request with the PC. Each PC negotiates different depending 
on their category. A server PC can relinquish download but not upload capabilities, opposite to downloader that are 
willing to sacrifice upload speed but not downlo~d. The current algorithm used will negotiate and revise the request 
for five times before claiming failure on the negotiation. We found that the best result is obtain when the negotiation 
is set ~ithin three to five times, smaller than three will result constant-failure of negotiation while more than five 
will result in result that are not suitable to the ori~inal request. _ . 

Testing is done on 4 PC connected to a 4-port hu~ with 100 Mbps connection. One machine is set as a web server, 
another one ~ a constant downloader with large slized files and the rest as a regular desktop that occasionally will 
send email, surf the Internet and download files. lJsing this current configuration, collisions constantly occurs in the 
hub, making the network utilization very low. However, ~hen the negotiating mobile agents are deployed, we see a 
significant decrease in network collision. This is because the two regular pc become more passive in its activities 
and allows for the server and downloader to grab most of the upload and download bandwidth. From time to time, 
the regular PC will initiate large downloads of file that can be associated to activities such as updating a software / 
OS, Net-meeting, etc. 

ANALYSIS AND CONCLUSION 
The decentralize model using negotiating agents allows for a non-centralize control over network resources. In 
·addition, network administrator can adjust the network traffic in the individual PC itself. This in turn will create a 

· dynamically adaptive network traffic shaping. The model also maintains cumulative information in decision making, 
ensuring that all PC sharing the same resources will be included and taken into consideration. However, this 
approach does have its disadvantages. The current decision making algorithm is not sufficient to create an accurate 
decision based on the limited information and also the factors considered. In addition, the minimum allocation of 
resources varies greatly on the size and the type of network involves and if not configured properly, the added 
traffics by mobile agents could tie up the resources unnecessarily. However, the deployment and also the ease of use 
of this approach allows for network administrator to efficiently coupled the two models together for maximum use. 
For instance, a single building could achieve network traffic shaping with using a single central box with negotiating 
agents model on each floor. This approach reduces the manpower needed to maintain the central box but still allows 
for a direct approach by administrators. The preliminary work done is very promising and also interesting for 
network administrators due to its "nice" approach on allocating network resources. 
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ABSTRACT 
Although the technology of mobile agent has been developed for quite a few years, it has not found its real 
applications yet. The primary reason for its lack of real applications is that most existing mobile agent packages 
focus on various advanced features instead of application domains. This situation brings about the component 
design of mobile agent structure, which tends to render mobile agent technology opportunities in real applications. 
In this paper, we present our mobile agent package Eagle-Agent that can be easily integrated into other applications 
as a component The package is very compact in terms of size and number of classes, and it provides an interface to 
interact with other applications. Besides, 1) Eagle- Agent adopts the electronic mail model in that it can queue the 
agent for later transmission when the destination is unavailable, 2) it has error-handling and error reporting 
capabilities, though limited. This mobile agent packag~ has been implemented in Java and in this paper we also 
discuss the technical issues of the implementation. 

INTRODUCTION 
A mobile agent is an executing computer program that can move from host to host in a heterogeneous network 
autonomously on the behalf of the user [ 1]. It is one form of mobile code, which moves code, data, and state from 
one host to another [2]. Unlike a mobile code that normally moved by external entities, a mobile agent usually 
migrates autonomously. For the past about 10 years, much research has been done in mobile agent field because 
mobile agent is believed to have some potential advantages [2,3]. 
• Reduction of network bandwidth consumption. When computation requires huge amounts of data stored in 

distributed sites, for a traditional Client/Server model, it involves lots of data transfer across the network. But if 
the mobile agent approach is used, although there will be an overhead in transferring agents' code and related 
states, overall network bandwidth consumption will be reduced because agents can work on each server site and 
bring back only the result data. · 

• Continuing execution within unstable network connections. Since mobile agents migrate to server sites and 
execute there, a stable connection is requested only at the beginning when sending agents and at the end when 
taking back agents. During the period when agents continue their tasks, no stable network connections are 
required. This makes mobile agents the perfect candidates for mobile or weak-networking computing. For 
example, a user sends out a mobile agent to search some specific data from huge amount of resources resorted 
at distant locations. Provided that the search might takes long time, the user can shutdown his/her computer. 
Some time later, after the computer is restarted and the networking connection is reestablished, the mobile agent 
comes back with the requested data! 

• Supporting dynamic load balancing. In a distributed computing system, performance will be greatly improved 
if the work can be equitably distributed among system nodes. Load balancing is always one of the top 
. approaches to achieve the best performance in distributed computing. Dynamic load balancing means that the 
workload is reallocated during executing and is the key for load balancing. Mobile agents can flexibly support 
dynamic load balancing with three key features: they can migrate from host to host; they can move across 
heterogeneous platforms; and they carry all application-specific code with them, rather than requiring pre
instaUation of that code on the destination node. In another words, mobile agents carrying specified tasks can 
process execution anywhere within the distributed system, and migrate to the new system site in response to 
control signals based on the distributed load. The migration decision can be made during runtime. 

• Providing dynamic network services. Mobile agents could help building dynamic network services. For 
example, in case that a node has not had a particular protocol, a mobile agent wrapped with that particular 
protocol can.migrate to that node and "educate" the node so that the host could work normally during the 
network communications. 

Mobile agents applications have been studied in the areas like Web databases, information retrieval, electronic 
commerce, mobile computing, network management and telecommunications, etc [2, 3]. Because of its potential 
application capability, quite amount of effort has been spent on the developing of mobile agent products. There are 
about more than 60 mobile agent packages [4]. Some of them are widely used, such as Grasshopper, Voyager, 
Concordia, Aglet, etc. These packages are developed in different languages, such as CIC++, TCL, and Java etc. 
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Among the~e packages, Java is the most used language, primarily because of its portability, security, and multi
thread support [5]. 

Currently most existing mobile agent packages focus on various advanced features. Thus the uses of these packages 
bring their users significant overhead, and make users' further developments more difficult. Upon this realization, 
we· adopt component design concept into our own mobile agent package Eagle Agent (Eagle-Agent). Eagle Agent is 
a compact mobile agent package which can be easiiy integrated into user applications as a component. In the 
following sections of this paper, we are going to briefly introduce the design issues and technical issues of Eagle 
Agent. · 

DESIGN ISSUES 
The design process is guiq.ed by the component concept. Meanwhile, we also endeavor to render some intelligence 
to. Eagle Agent. . . • ' 
There are some reasons for us to design a compact. mobile agent package: 
1) Component structure is becoming the development trend of the · mobile agent system. Current existing mobile 

agent systems _more likely pay att;ention to the features of agent system instead of the . application domains. This 
phenomena actually impedes the mobile age~ concept from being finally accepted since few application 
developers have the motivation to bend their pplications to fit those large mobile agent systems. On the other 
hand, those existing mobile agent systems do have some valuable parts that could benefit other applications. 
For example, an application may favor how a certain mobile agent system handles mobility of mobile agents, 
while another application may favor the conuhunication protocol in another mobile agent system. It is not 
difficult to realize that if different features could be designed and implemented as individual components, 
mobile agent technology can then be easily integrated into developers' applications. In fact, component 
architecture will benefit both mobile agent developers and other application developers who want to add some 
mobile agent features into their applications. For mobile agent developers, they could focus on constructing a 
component of a certain feature or even one form of such feature once at a time. For application developers, they 
could choose among compact components to facilitate their developments. 

2) This package is a first step towards our software agent research exploration. We construct a compact package 
that have core functionality, and leave more space for future software agent researches. 

It is an important goal for us to make our Eagle Agent easily to be plugged into other applications. In Eagle Agent, 
we set up such an approach that can facilitate the combinations of the mobile agent with other applications such as 
Java Applet, JavaBean and Java Server Pages (JSP), etc. Such a feature can be very handy to application developers. 
For instance, a user can start an applet anywhere to launch a mobile agent. After the agent finishes its tasks and 
brings back the result, the user application could manipulate the mobile agent inside the applet. Since applet is one 
of the widely used applications, this package provides an example about how to integrate an applet with the mobile 
agent facilities. 

A mobile agent may run into a situation in that its next destination is not available. In Eagle Agent, we provide 
users with some options to handle this case. The agent can either be dismissed immediately when it finds its 
destination has been shut down, or it can keep trying for some customized period of time. In case the agent has 
more than one destination to reach it can first queue the failed destinations just like that an Email system queues 
failed sent-emails. Later after the agent has visited all other destinations, it can revisit those failed destinations at 
users' wishes. This approach makes Eagle Agent more robust. . . 

In addition, Eagle Agent provides users the option to request their mobile agents to send emails at users' wishes. To 
our best knowledge, no existing mobile agent systems have explicitly created this feature. This feature can be very 
handy when users concern about a mobile agent's behaviors. · 

Sometimes· mobile agents may fail some tasks and it is important to know the reasons. Eagle Agent is designed to 
be intelligent in that it can report the failures together with the analyzed reasons. Error reporting is detailed into 
each method call at each visited agency. This error reporting is very important for analyzing the system behaviors, 
especially for a system in which mobile agents are acting as administrators. 
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TECHNICAL ISSUES 
Among many techniques in Eagle Agent, two technique issues are specifically addressed in this paper. One is about 
the mobility which incurs Java dynamic class loading. This technique is the first step in constructing any mobile 
agent systems, and it must be successfully addressed. Another is about how to facilitate the combination of the 
mobile agent with other applications. Such an issue has become critical for the survival of the mobile agent 
technology. 

How to realize the movement between the hosts is the first key step for a mobile agent package. In Eagle Agent, the 
moving of a mobile agent from a host to another is implemented by sending the mobile agent via TCP socket" stream. 
There are two major techniques involved, object serialization and dynamic class loading. 

Serialization is the process of saving an object's state to a sequence of bytes, as well as the process of reconstructing 
the object from the sequence of bytes. In Eagle Agent, Java default serialization mechanism is used. More 
specifically, at a server, the method writeObject0 of Java class ObjectOutputStream writes a mobile agent object o 
byte stream. Via the uses of Java Socket classes, this byte stream is received by the destined agent server. In Eagle 
Agent, a customized class called YufangObjectlnputStream is developed to overwrite the resolveClass0 method of 
the Java's ObjectlnputStream class and therefore provide the successful reconstruction of the mobile agent object 
from the received bytes. YufangObjectlnputStream class is a subclass of Java ObjectlnputStream class. Unlike 
ObjectlnputStream that loads class via Java's bootstrap class loader, YufangObjectlnputStream first tries to load 
classes via Java's bootstrap class loader. If this step fails, YufangObjectlnputStream begins to load classes via 
MyClassLoader that is again a customized ClassLoader. 

Dynamic class loading is the core technique in mobility realization. By default'Java Virtual Machine (NM) loads 
classes into memory from the physical file system by searching through the CLASSP ATH. When constructing a 
class template, JVM's system class loader (bootstrap class loader) searches through the physical file system via the 
CLASSPATH for the proper class file. A 'class file is generated by compiling the corresponding Java source code 
and stores the Java class information in specific byte codes. Upon finding such a class file, the system class loader 
builds the class template based on the specifications inside the class file (Java byte codes) and store it. Any time 
when an object of this type of class is initialized, auto.matically the system class loader is called for providing the 
class template. However, when a user-defined object is transferred from one station to another station by Java's 
ObjectOutputStream and ObjectlnputStream, the object's class byte codes are not transferred with the object's state. 
Even if the object's class byte codes are transferred explicitly, NM still constructs the template of this class via the 
system class loader which only searches for the class byte codes based on the CLAS SPATH and thus the explicitly 
transferred class byte codes are wasted. Unfortunately, at the destined station, the class file of the user-defined 
class does not exist in the local file system and therefore the class loading fails. How to make the JVM successfully 
reconstruct non-existing user-defined classes becomes the key technique in achieving the mobility of agents. 

The solution in Eagle Agent is to send the bytecodes of user-defined classes before the class objects are sent. 
Hereby, the receiving station can build the class templates based on the bytecodes received. When the user-defined 

· objects' states arrive, their templates are ready for reconstructing the objects. Though this is a simple idea, there are 
several ways to implement it. 

Since Java system class loader by default only constructs class templates by using class files in the local file system 
or from its storage, a reasonable approach is to write the received bytecodes into the local file system so that the 
system class loader can easily find them. This approach has great drawbacks. Firstly, it allows writing to the local 
file system, which may result in security holes for the agents to attack the agency. Secondly, it slows down the class 
loading because ~t involves both writing to and reading from the local file system. Thirdly, it can easily disclose the 
user-defined classes to the local agency. · 

Another approach is relatively easy, which is to modify the Java ClassLoader's source code. The.key method in 
class ClassLoader is "defineClass" which is of type "protected". This method cannot be directly accessed by Eagle 
Agent programs. Thus the received bytecodes can not be used to construct the class templates via the system class . 
loader. However, if the method "defineClass" is modified to be public, then Eagle Agent's agency programs can 
directly execute the "defineClass" method of the system class loader and thus construct and store the class 
templates. The major drawback of this method is that it requires using the modified Java package. 
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Eagle Agent employs another approach. A customized class loader MyClassLoader is developed as a subclass of 
ClassLoader to construct templates for user-defined classes. The find Class() method of Cl_assLoader is overwritten 
·in MyClassLoader to make use of the received bytecodes for class template construction. Also, instead of using 
ObjectlnputStream, we use YufangObjectlnputStream that firstly requests the class templates from the system class 
loader, upon failure it requests again from MyClassLoader. · 

. It is extremely important to allow easy interactions between the mobile agent software with other applications. If a 
mobile agent system can be easily embedded inside user applications, mobile agent can have a better chance to find 
its real application. Based on this concern, Eagle Agent provides a simplified agency called DistrictAgency that has 
the basic agency capabilities (sending and receiving agents). Also Eagle Agent provides an AgentListener that has 
the interface for applications to overwrite. Once the user implements his/her own AgentListener and registers 
his/her AgentListener with the DistrictAgency, the interaction between the user application and the DistrictAgency • , 
is constructed. Whenever· there is an agent coming, the application is notified and any user-spe~ified actions are 
executed. 

DistrictAgency is not powered with many capabilities and the actions on agents are left to user applications. This 
gives the user applications great powers over the~obile agents. There are advantages and disadvantages of doing 
so. One advantage is that the user applications c n better interact with the agents and therefore can better use the 
agents. The disadvantage is that the mobile agen is vulnerable, especially when the user application is hostile. 
However, some security guarding mechanisms ca. be enforced to protect the agents. 

. . I 
CONCLUSION 

Eagle Agent provides users mobile agents that can move among hosts, perform their tasks at those hosts, send email, 
and report errors. When their next destinations are unavailable, mobile agents can queue the destinations like Email 
model and revisit them. Eagle Agent also provides a mechanism that facilitates the interaction between this package 
with other applications like applet. With all these f~atures, Eagle Agent has 24 necessary classes ( excludes the 
exception classes), and overall class size (including exception classes) is 39.2kb. Compared to Grasshopper 2.2.4[6], 
which is 3.1Mb, Eagle Agent can be said compact. 

When we implement the movement of a mobile agent, we first transfer the byte codes of the agent object, then send 
the agent object with current state. We constructed our own class loader called MyClassLoader to construct 
templates for user-defined classes and store these templates, and we constructed YufangObjectlnputStream class to 
recover the mobile agent object. · 

Even though the way that our DistrictAgency interacts with other application is primitive, it does illustrate a simple 
approach to construct mobile agent components to be embedded in other user applications. There are arguments that 
future mobile agent development should base on component structure so that individual component can be 
integrated with user applications separately. These arguments inspired us to design the DistrictAgency. However, 
we have not separated DistrictAgency together with AgentListener into an independent component. We just 
demonstrate a way to achieve that. 

Eagle Agent is very limited right now. There can always be fresh ideas to be added in one package. However, this 
package does leave great spaces for further researches. 
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. MAINTAINING STATE IN AN INTERNET SHOPPING CART USING MOBILE AGENTS 

Arthur Wimberly, John Heath, Dia Ali; and Maria Cobb 
University of Southern Mississippi. 

ABSTRACT 
In an online shopping cart state maintenance must be upheld efficiently to assist customers and yield a profit for 
businesses. The predominant methods of maintaining state are cookies and sessions. The user can disable cookies 
for Web browse~s. Long periods of inactivity over an Internet connection can cause sessions to time out. Both of 
these drawbacks can result in the loss of revenue. We are proposing a solution to maintain state without the use of 
cookies and timed sessions. In our solution, we plan to control, transfer, and embed the state of an online shopping• 
cart within mobile agents. 

INTRODUCTION 
The buying and selling of goods and services (i.e. e-commerce) has grown substantially. According to the Census 
Bureau of the Department of Commerce, online retail sales have increased by 24 percent year over year. In the 
fourth quarter of 1999, preliminary figures showed that e-commerce accounted for a mere 0.7 percent of total retail 
sales resulting in revenues of a little more than $5.3 billion. Over the interval of just four years that percentage has 
increased by 1.2 percent. The preliminary figures revealed that e-commerce accounted for 1.9 percent of total retail 
sales in the fourth quarter of 2003, resulting in revenues of more than $17 .2 billion [ Greenspan 2004]. Businesses 
are recognizing this increase in e-commerce. Many are working towards improving online market appeal. 
Businesses must attract new customers and retain existing ones. Profits rise with extended customer relationships 
[Reicheld and Sasser 1990]. In fact, retaining just 5% more <:ustomers has been shown to increase profits by up to 
100%. The portion of online retail sales will continue to climb. It is expected that by 2008, e-commerce will 
account for 5% of all retail sales. 30% of all offline purchases will result from research done online [Greenspan 
2004]. 

Period Retail Sales E-Commerce E-Commerce's 
Total % of Total 

Q4 1999 $787,362 $5,393 0.7% 
QI 2000 $715,102 $5,772 0.8% 
Q22000 $775,364 $6,250 0.8% 
;Q3 2000 $768,559 $7,079 0.9% 
Q42000 $723,710 $9,248 1.1% 
QI 2001 $801,115 $8,009 1.1% 
Q2 2001 $777,882 $7,904 1.0% 
Q3 2001 . $850,608 $7,894 1.0% 
Q4 2001 $740,020 $10,788 1.3% 
QI 2002 $818,609 $9,470 1.3% 
Q2 2002 ·. $822,125 $9,761 1.2% 
Q3 2002 $864,653 $10,465 . I.3% 
Q4 2002 $772,185 $13,770 1.6% 
QI 2003 $858,793 $11,928 1.5% 
Q2 2003 $872,634 $12,464 1.5% 
Q3 2003 $918,245 $13,284 1.5% 
Q4 2003 $812,667 $17,226 1.9% 

Source: U.S. De artment of Commerce 
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In order for a business to be profitable, quality must be measured [Arlitt, Krishnamurthy, and Rolia 2001]. Based on 
a compilation from 26 researchers in the field of commerce·, store components are categorized into four groups: 
merchandise, service, promotion, and convenience [Lohse and Spiller 1998]. All of these groups must be measured 
for quality. For merchandise, consumers infer about quantity, quality, and variety of products from the brand names 
on reputation of the physical store. Additional store visits and sales are generated by promotion. As for the service 
category, staff responsiveness to customer service link is critical. The customers want careful, continuous, useful 
communication, across geographic barri~rs, 24 hours a day. Store layouts, organization features, ease of use, as well 
as fast checkout are various details that fall into the convenience component [Lohse and Spiller 1998]. 

CONVENIENCE BASED ON ENVIRONMENT 
Our primary focus s in the store component, which we believe may have the most importance; convenience. We 
believe that all the store components are so closely related that ari improvement in one will overlap into improve
ment for the others. Convenience for the user strongly depends on the environment (i.e. physical shopping vs. online 
shopping). For instance, think of a shopper in a grocery store. The shopper walks into the store, first grabbing a 
shopping cart. The consumer could begin browsing or adding items to the cart. If the shopper wanted to know what 
items have been placed in the cart, a simple glance into the cart would suffice. In this scenario, the shopping cart is 
an example of state. The cart provides the shopper with a visual representation of the activity (i.e. items added to 
the cart) that has taken place. In online shopping, state is the record of activity from one Web page to the next. In 
an online environment, the shopping would be handled differently. A shopping Web site would have to have some 
method of adding and removing items from the shopping cart. This means that the Web site would have to track or 
"remember" the state of the user. We all know that the HTTP protocol is a stateless communication protocol. You 
cannot maintain state automatically with HTTP. Every time a user sends or receives information a new connection 
is created [Frey 2004]. In other words, the Internet has no "memory" of its own. In a shopping cart, the ability to 
"remember" is important. To track the state 1n an online environment this process must be implemented by other 
means. Today, the most predominant techniques of maintaining state are cookies and sessions. Query strings and 
hidden form variables are two widely used methods as well. 

METHODS OF STATE MAINTENANCE . 
Each of these methods has advantages and disadvantages. In fact, none of the methods are 100 percent secure. 

· Cookies are pieces of information sent by a Web server to a user's browser. This is information is usually stored in · 
either a client's RAM or on their disk drive for later retrieval [Frey 2004]. Cookies may include information such as 
login or registration identification, user preferences, online "shopping cart" information, etc. The user's browser 
accesses this data and sends it to the Web server whenever the browser visits the Web site. The Web server may use 
the cookie for personalizing pages for the user or to track the pages the user accesses frequently. Cookies make 
maintaining state more elegant and reliable. However, some drawbacks of cookies are: visitor's can configure their 
browser to disallow cookies; if multiple people use the same computer and browser, they can access somebody 
else's cookie information; cookie information is stored in plain text files on the user's computer. 

Sessions are a sequence of request made by a single user during a visit to a site [Arlitt, Krishnamurthy, and Rolia 
2001]. When a user visits a site, a session is taken place. If the user leaves the site, the session ends. One·aspect to 
note is that sessions "time-out". If there is a long period of inactivity, the user will be disconnected. This is done 
for security reasons. If a connection is open for too long a session can be hacked. A hacker could get personal 
information on that user, etc. Timed sessions also can cause the loss of valuable information. Let's say a user is in 
the middle of filling out a form to purchase an item from a site. What if that user receives a phone call? If the user 
takes too long talking on the phone the session may "time out". The user may not go through the trouble of filling 
out the form again. This is a loss in profit. Events similar to this one occur from day to day. Therefore it is safe to 
say that, with tirped sessions, business take a small loss from day to day. 

The use of hidden form variables is a slightly more secure way to maintain state. This met6od relies on the HTML 
forms, and that means that it relies on the client to properly send the form data to the server [Frey 2004]. A session 
ID can be stored in the pages that the user requests, and other variables can also be stored this way. Though it is 
difficult for a user to modify the data in a hidden field, it can be done. In order to change the data in a posted form, 
a user only has to copy the page to his or her local machine, and edit the HTML. Then the page·could be loaded into 
the user's browser and sent to the server. 
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Query ·strings are embedded in the URL to maintain state. This method is particularly used to pass more 
information along the server at once. The length of query strings is usually a problem. Search engines do not prefer 
URL with long query strings. If a person were to use a search engine to find such a site the search would fail. Also, 
query strings were exploited before. For the Microsoft 11S Web server, a h~cker used query strings to attach 
malicious code to the URL. 

USING MOBILE AGENTS 
Our solution to the previous methods is to maintain state through the use of mobile agents. A mobile agent is a 
program that performs some information gathering and is capable of transporting itself from machine to the next. 
As of now, our solution is in the design phase·. The implementation of this is design is quite basic. We propose to 
embed the state within the mobile agent and transport the agent along a closed network. This design uses Java based 
mobile agents and a Java applet for the shopping cart. The items within the applet are stored and passed in vector~. 
This program also utilizes what we have termed as "wrapper" agents. These agents are static or non-mobile. The 
wrapper agents are used to carry out communication and functions for a database. For example, a customer wrapper 
agent might do inserts, updates, and finds on ·a customer's table in the database. In the design, it is possible to have 
a wrapper agent for every table in the database. Furthermore, a mobile agent could use multiple wrapper agents 
simultaneously. 

\ 
MODEL FOR MOBIL AGENT 

i 

The model above is an abstract representation of our mobile agent architecture. The states in the model are the 
~ajor states all agents will cycle through. 

HOME STATE 
When the program starts up the agents are in the "home" state. In this-state nothing is happening. The home state is 
where garbage collection will take place. 

ADD STATE 
In the Add state, the mobile agent is being created and allocated memory. After the agent is added to an agency, the 
agent waits for instructions. · 

INITSTATE 
Upon receiving instructions, the agent is in the Init state. In this state the agent moves to a remote site. The state of 
the agent may be set to an integer value, which will represent a particular state or sub-state (i.e. shopping, browsing, 
or check-out). 

.REMOTE STATE 
In the remote state, the agent may retrieve data from or carry data to this remote .site. Here the state may be changed 
again (i.e. set state to proper integer). Once the agent enters the remote state it is assumed that it has a set of 
instructions. These instructions will determine what the database function the wrapper agent performs. Also in the 
remote state, data items will be stored in a vector. 
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RETURN STATE 
The mobile agent will access a wrapper agent for GUI infonnation. The vector from the remote state will be placed 
in the GUI. Next, the GUI will be repainted within the applet. Now the GUI contains a list of items for the shopper 
to select from. This is where the shopper will browse or select items from the menu. A mobile agent will track the 
state of the user. Simply put, if the user adds or removes an item from the shoppi_ng cart an agent holds this 
information. If the user decides to checkout, the agent will now move to the home state and be removed from the 
agency. 

ADVANTAGES OF THE MOBILE AGENTS 
The method we use is fairly simple to implement. As a mobile agent moves through the agency architecture, it 
encapsulates the state of the user. Traffic to the serve can be greatly reduced as well. Imagine having a shopper in a 
grocery store tell a clerk their every action. Shopping carts that utilize sessions have to access the web server for 
every user requests. If the user adds an item to the cart, the server must be notified. The same process is the case if 

· the user removes an item from the cart. If there are many users shopping on a site, simultaneously, the servers could 
begin to slow down. In our design, the mobile agents act more like a physical shopping cart. The agent completely 
handles the adding or removing of items. The server is not needed while the shopper makes his or her decisions. In 
fact, the server will only be needed for checkout,\item information, and user information. Our design also provides 
security. Every person that uses the shopping c~ will be required to login. All application must be registered as 
~ell. The most important advantage is that our Illethod can decrease profit loss. The connection between our 
shopping cart and the user is not timed. If the us~r gets sidetracked for an hour, a day, or even a week the agent will 
still be wait1ng for instructions. Our connection ~oesn't time out over periods of inactivity. 

- DISADVANTAGES OF THE MOBILE AGENTS 
Mobile agents are larger than packets of just data. The agents here may carry the state, user information, vectors of 
items, etc. Since the agents encapsulate much more data, they travel a little slower. This requires the need for more 
servers. As the number of servers increase, the speed of the agent increases too. Our architecture will have to 
implement a means of horizontal scalability. This means that for every user, there is an agent and a server assigned 
to each user. Another problem occurred with the garbage collector. In our design, the garbage collection was not 
reliable. There were times when it did not de-allocate· memory properly. As a result of this, the closed network we 

· used for testing crashed. · 

CONCLUSION 
Our design is in the early stages of implementation. We propose that once completed it will provide a more efficient 
method of state maintenance. We propose that the use of this design will improve concurrency in shopping carts. 
Many organizations are now planning for significant portions of their total sales via web-based shopping systems. 
Their success relies on the performance of their server systems [Krishnamurthy and Rolia 1998]. The same amount 
of work can be achieved with few visits to the server. The applet utilized in this design provides a very simple user 
interface. 
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THE T AMDAR DECISION SUPPORT SYSTEM 

Erol Ozan and Paul Kauffmann, East Carolina University 
Yesim Sireli, The University of North Carolina at Charlotte 

ABSTRACT 
This research is motivated by the economic optimization of the Troposherical Airborne Meteorological Data 
Reporting (TAMDAR), an aircraft-based meteorological data collection system. In the envisioned TAMDAR 
syste~ meteorological data collected by the onboard sensors of selected aircraft are transmitted to the ground as 
aircraft fly their missi~ns. The data is processed by a national center, which disseminates the data to diverse users 
such as weather forecasters and aviation control centers. Substantial government funding is required for the · • 
implementation and operation of this new data acquisition-system_and data transmission expenditures constitute the 
largest portion of the costs. To achieve economic optimization of the data gathering activities, the T AMDAR system 
requires a multicriteria spatial decision ·support system (MC-SDSS) that facilitates the efficient selection of the most 
desirable data points to collect based on a limited budget. To optimize the data collection each data point must be 
assigned a value by the T AMDAR DSS and a specialized data valuation technique is developed for this purpose. 

INTRODUCTION 
Tropospheric Airborne Meteorological Data Reports (TAMDAR) is a new airborne weather data acquisition system, 
which is currently being studied by National Aeronautics and Space Agency (NASA) and other government · 
agencies. The T AMDAR hardware consists of sensor packages, information processors, and communications 
equipment carried aloft by participating aircraft. As these aircraft complete their missions, the airborne T AMDAR 
system reports weather conditions to ground-based receiving stations that process and distribute this data into a 
national system for dissemination of weather information. The main focus of this research is to develop a 
multicriteria spatial decision support system for the economic optimization of T AMDAR. The difficulties of 
analyzing and optimizing meteorological data gathering systems are caused by many factors such as inherent 
uncertainty of the syste~ integration of required subject-matter knowledge, combining interrelationships of geo
spatial and temporal dimensions, handling concurrent conflicting goals, complexity and inclusion of qualitative 
judgment. As a result, developing such systems constitutes a very complex problem, which is unstructured and has a 
high degree of uncertainty, characteristics often addressed by multicriteria spatial decision support systems. 

This work develops a practical model, which integrates multi-attribute utility, simulation and spatial decision 
-analysis techniques in the optimization of the TAMDAR data collection process. Although the proposed 
methodology is designed for a specific meteorological data acquisition system, it can be adapted to a wide range of 
weather information and data gathering problems. 

TAMDARDATA 
The TAMDAR sensor probe is mounted on either the wing or fuselage and is connected to a signal processing 
module and a communication unit. T AMDAR data covers a variety of meteorological measurements such as 
temperature, wind velocity, turbulence, level of icing, and humidity along with time and location information. A 
complete list of measured parameters and data characteristics are given in Table 1. T AMDAR targets aircraft that fly 
in the mid layers ofthe·troposphere (typically below 25,000 feet) because these altitudes provide high value for 
short-term forecasts. Therefore, turboprops and piston aircraft, which typically fly at these altitudes are the primary 
candidate platforms for this system.. _ _ 

The Federal Aviation Administration (FAA), National Weather Service (NWS), and NASA have concluded that 
TAMDAR systems have potential to enhance the accuracy and completeness of weather data and the resulting 
weather forecasts. Improved aviation safety, along with other benefits for various groups (general society benefits) 
is anticipated as a result of these improved forecasts. 

This research is sponsored by NASA and builds upon recent studies of the T AMDAR business case (Kauffmann and 
Ozan, 2001). It develops a spatial decision support system for TAMDAR. Specifically, it addresses a core problem 
involving selecting the best combination of meteorological data points to assure the data coverage mixture ( spatial 
and temporal) that leads to the highest level of forecast improvement and data utility at the lowest program cost. 
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Table 1 Measured Parameters (ODS, 2002). 
Parameter Range Accuracy Resolution 
Pressure 10 -101 Kp 3 hPa 0.05 hPa 

. Temperature -70 to +65°C ±0.5°C 0.1°c 
Humidity Oto 100%RH Typical±5% 1% 

Typical ± 10% 
Heading 0-360° ±50 

Ice Detection 0.020 inch 
Pressure Altitude 0 - 25,000 ft. ±150 feet 10 feet 
Pressure Altitude 25K -50K ft. ±250 feet 10 feet 
Indicated Airspeed 70-270 knots ±3 knots 1 knot 
True Airspeed 70-450 knots ±4 knots 1 knot 
Turbulence 0-20 Cml/j SeC- l NIA 
Winds Aloft ± 4-6 knots ±5 deg. 1 knot 

I 
THE TAMDAR DECISlON SUPPORT SYSTEM (TAMDAR DSS) 

The T AMPAR DSS envisions a number of rdgional decision centers for controlling data collection throughout the 
continental U.S. This distributed decision malqng is necessary, since different geographical regions present different 
meteorological characteristics. 

Figure 1 describes the system architecture for the decision centers. At the heart of the system is the T AMDAR DSS 
operator, who uses the T AMDAR DSS to compose the list of flight segments in which the T AMDAR sensor will be 
activated. The operator is also responsible for gathering inputs, required for the tool. The T AMDAR DSS may be run 
as frequently as needed from daily to weekly or monthly. 

Input 1 

Forecasters Group 

r----- -----------------, 
: Input 2 
I 
I 

: Flight Schedule of 
: Participating Aircraft. 

Input 3 

Aviation Delay Forecasts 

lnput4 

Automated Significant 
Weather Information 

Priority Ratings of 
different regions for data 

collection 

Operator enters 
necessary 

parameters to 
TAMDARDSS. 

TAMDARDSS 
Ope ator 

visualization 
and analysis 

capabilities. 

TAMDARDSS 

Figure 1. T AMDAR DSS System Architecture 
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The model provides for. four system inputs: forecasters assessments (input 1 ), daily flight schedule (input 2), aviation 
delay forecasts (input 3), and· significant weather information (input 4). Forecasters' assessments (input 1) include the 

· information, which defines the priority regions for data collection. The daily schedule (input 2) contains the timetable 
of the flights that are flown by TAMDAR-equipped aircraft. Airport delay forecasts (input 3) convey expected delays 
in the Nation's airports. Automated significant w~ather forecasts (input 4) contain information about predicted 
significant weather events and their geographical location. 

Only input 1 requires direct human involvement while inputs 2, 3 and 4 are generated and received automatically 
without requiring any human intervention. fu the future, the forecasters' group data (input 1) may also be automated 
since , in many cases, automated weather forecasts can provide most of the required inputs. The forecasters group 
informs the T AMDAR DSS Operator about the priority regions for required data based on different forecasting 
processes such as the current status of the weather and/or climatologic data needs for their forecasts. These 
assessments may be generated seasonally, weekly or daily_ based on the desired level of human intervention in the 
system. This forecaster group is composed of experts who represent the meteorological data needs of different 
forecasting processes. They designate temporal and spatial regions, which have higher priority for data collection. The 
TAMDAR DSS operator then translates these assessments into a format, which can be processed by the TAMDAR 
DSS. . 

The fmal product of the _TAMDAR DSS is the optimum list of flight segments for data collection. The operator 
analyzes this list and makes necessary modifications using the data visualization features of the T AMDAR DSS. After 
composing the fmal list; the operator sends it to the appropriate centers ( e.g. Airline command and control facilities · 
and/or Aircraft comniunication centers), which are capable of activating (or deactivating) TAMDAR sensors on the 
selected flight segments. The activation process may differ from airline to airline and with different aircraft models 
and avionics equipment. · 

This decision support system manages the maJor cost factor of the T AMDAR system, which is the communication 
cost, incurred by the transmission of the weather data to the ground. One can decrease data transmission costs by 
reducing the volume of data being sent to the ground. This can be achieved by switching off the sensors when data . 
acquisition is unnecessary and hence collecting only the desirable data. To implement this selection process, one has 
to decide which data points are more desirable for collection and which ones are less valuable. In other words, there 
should be a mechanism to value data points in order to acquire the best data set with a minimum cost. 

Based on common meteorological practices and information gathered from experts, · four main attributes were 
· selected. The utility of a meteorological data package is related to the following attributes: 

-Spatial Coverage (x1) 

-Temporal Coverage (x2) 

-Altitude Attribute (x3) 

-Priority Attribute ('4) 

The weighted additive multi attribute utility function, u( dp) of a T AMDAR data point p can be expressed as 
u(dp) = w1x1+ w2x2+ W3X3+ W4X4, (1) 

where dp is a vector, which represents the p'th data point and X; is the assessed value (utility) of the ith attribute. w;, 
i=l, .. ,m, are scaling constants o_r weights of attributes (Malakooti,1991). 

Each of these tour attributes (x;) is used to calculate a utility score in the T AMDAR DSS. After building utility scores 
for each attribute, decision makers can determine the weights ( w;) of each layer depending on their judgment. 
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OPTIMIZATION MODEL 
The goal of the optimization engine is to maximize the total utility ofTAMDAR data without exceeding the 
budgetary constraints. We can formulate our optimization model as follows: 

Maximize LL U;,psi,p 

i p 

subject to: 

LL n;,ps i, p < N 
p 

where s i.p is an integer and s i.p = 0 or 1. 

(2) 

(3) 

(4) 

N is the limit for daily total number of data points collected and Ui.p represents the total utility rate calculated for 
segment .P of flight i. If flight i is selected for data collection s i.p equals to 1, meaning the sensor should be activated 
during that flight leg. If it is not selected s i.p equals O meaning the sensor should be switched off during that 
particular.flight segment. The number of data point collected during flight segment i,p is given by ni. The output 
contains all s i.p values and it can be seen as a daily list of sensor status ( on or oft) for all flights. 

Three primary software packages were integrated to implement the TAMDAR-DSS: S-PLUS, Arc View, and Visual 
Basic. S-Plus is statistical analysis software that was utilized in combination with additional modules: S+SpatialStats, 
NuOpt, and S-Plus for Arc View GIS. S+SpatialStats is an add-on module to the S-Plus system for data analysis and 
graphics that provides a comprehensive set of tools designed for the statistical analysis of spatial data. NuOpt is a 
numerical optimization software package and S-Plus for Arc View provides the software link between S-Plus and Arc 
view environments. It facilitates data transfer between the two software environments. Arc View presents extensive 
GIS based analysis capabilities and cartographic data presentation functionality. Finally, Visual Basic is-used for 
developing additional custom functionality such as the flight pattern simulation, the data input/output operations, and 

. user dialog design. 

GIS-BASED DATA VISUALIZATION AND USER INTERFACE MODULE 
The TAMDAR DSS provides extensive data visualization capabilities through embedded GIS components that 
facilitate the spatial-temporal data analysis. There are two types of GIS data visualization tools within the T AMDAR 
DSS: 2-dimensional and 3-dimensional. 2D data visualization is implemented by using the geographical and 
statistical data presentation capabilities, provided by Arc View and S-Plus software packages. With Arc View users 
work with geographic data in interactive maps called views and Arc View's layouts let users create full color maps 
by first arranging the various graphic elements on-screen the way users need them. Layouts have a live link to the 
data they represent. Any changes to the data are automatically included, therefore, everything on the map will be up
to·-date. S-Plus complements Arc View by providing an extensive suite of spatial-temporal data visualization options. 

The TAMDAR DSS also provides 3D data visualization capability, which is implemented by using the Virtual 
Reality_ Modeling Language (VRML ). The VRML technology integrates three dimensional data, text, and 
multimedia outputs into a coherent model (Web 3D Consortium, 2000). Different layers of data can be observed in 
VRML viewers with an enhanced 3D spatial awareness (VRML, 1996). Figure 2 shows a screenshot that illustrates 
a data pattern in a 3D setting. 
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Figure 2 A screens ot showing 3D VRML data visualization. 

ECONOMIC BENEFITS OF THE T AMDAR DSS 
Decision makers need a positive business case in order to implement a system. One should prove that the use of the 
TAMDAR DSS would result in substantial economic benefits. An economic feasibility study, which was done by 
Kauffmann and Ozan (2001) envisions 1,500 TAMDAR-equipped aircraft. According to TAMDAR sensor 
specifications (ODS, 2002), T AMDAR data is generated at ten-second intervals during ascent, three-minute 
intervals while en route, and one-minute intervc:1ls during descent. A survey, which analyzes the regiQnal airlines' 
and package carriers' flight characteristics (Kauffmann and Ozan, 2001 ), concluded that the average cruise altitude 
for TAMDAR-equipped aircraft will be 18,000 feet, and the average flight duration will be 1.2 hours while an 
average TAMDAR-equipped aircraft will fly 7 hours per day. · 

The statistical data given above can be used to calculate the annual TAMDAR data volume without any optimization 
as follows. It takes approximately 18 minutes to climb 18,000 feet since turboprops have an average climb rate of 
1,000 FPM (Xavius Software, 2001). During the ascent phase, an aircraft generates 108 data points. Assuming that 
the descent phase is symmetrical with the ascent phase, it will take 18 minutes to complete, and generate 18 points. 
On average, en route phase lasts 36 minutes (36 min is subtracted from 72 min, which is the total average flight 
time), and produces 12 data points. Therefore, each aircraft would generate 138 data points per flight, 804 data 
points per day and 293,460 points per year. Consequently, 1500 TAMDAR-equipped aircraft would generate 

· · 440,190,000 data points per year. Estimated cost of transmitting a TAMDAR point is $0.024. Therefore, annual data 
transmission costs for the fleet would be $10,564,560. 

If the TAMDAR DSS produces a 40% decrease in the data volume, $4,225,824 would be saved annually. Decision 
makers could target different levels of savings based on the budgetary limitations, the desired data volume, or other 
factors. Jn summary, it is shown in the business case above, that the T AMDAR DS~ can provide substantial 
economic benefits to its users. · 

CONCLUSION 
The TAMDAR DSS model provides a feasible approach for optimizing data acquisition from participating aircraft. 
· The results of the validation processes demonstrated that the developed model can be used in real operational 
environments and can render important economic benefits for its users. It has also been shown through a number of 
test runs that the model meets performance gc:,als. 

The proposed model addressed the most important issues and demonstrated the advantages of using an optimization 
scheme to maximize the benefit of the TAMDAR system. It demonstrates that an efficient economic analysis tool 
for decision makers is feasible and the business case shows that the use of this tool can reduce costs significantly. 
This will allow decision makers to control their data collection process effectively and meet their budgetary 
requirements. In addition, the concept of operations allows the TAMDAR decision makers to interact with the · 
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different elements of the decision process and provides them complete flexibility and freedom for setting their own 
operational goals and evaluating alternatives to meet cost goals. 

Although the T AMDAR Dss· requires only minimal human intervention, decision makers can increase the level of 
human involvement if they think it is necessary. During major storms or other critical situations, the portion of 
manual control can be increased. 
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SYSTEMS ENGINEERING METHODOLOGY FOR E-COMMERCE 
IMPLEMENTATION IN THE MIDDLE EAST 

A. Hameed Al Elaiwi 

Riyadh College of Technology 

ABSTRACT 
E-Commerce is revolutionizing the way in which business is conducted, a revolution that is happening at an 
unprecedented pace. In this paper a new methodology based on sound system engineering principles and 
optimization techniques is developed for implementing E- Commerce in the Middle East in general and in the 
Kingdom of Saudi Arabia (KSA) in particular. The combination .of market size and economic growth makes the 
region a promising place in the world for the interne~ product ~d services. Rapid advances in information 
technology have b_rought the world closer together. In spite of this rapid growth, however, corporations even in 
developed nations including the United States and Europe have not grasped ways and means to perform business · 
reengineering and to inculcate the E-C~mmerce philosophy into the minds of their employees. The Middle East is 
no exception. Dissemination of information in split second via Internet has affected· the world economy. It only · 
behooves for the Middle East nations to respond to the E-Commerce challenges in a proactive fashion before it is 
too late. 

Allocation of resources that · includes technical and management people, software, and hardware to key business 
functions is at the core of the E-Commerce implementation problem. In this paper a systematic 3-step way is 
developed to solve the resource allocation problem. First, the status quo of representative businesses in the public 
and private sectors in KSA is examined. Next, resource needs of businesses are determined. Last, mathematical 
models are developed to optimize needed resources. Throughout the system development process key techniques 
such as Quality Function Deployment (QFD), Analytic Hierarchy Process (AHP) and Optimization are·applied. For . 
example, QFD will be applied to identify resource needs in a team setting. AHP will be useful in prioritizing 
requirements. Optimization techniques such as Goal Programming will be useful for resource allocation. 

BACKGROUND 
The Internet has opened up many exciting possibilities for organizing and running a business. It is transforming 
organizations and the use of information systems (IS) in everyday life. The Internet, the Web, and Intranets are 
helping companies achieve new levels of competitiveness and efficiency. They raise many management challenges 
and create new perspectives. 

Internet computing requires a complete change of mindset. To implement Internet technology for e-commerce and 
e-business successfully, companies need to make organizational changes. They must examine and redesign their 
business processes rather than throw new technologies at existing business practices. Companies must consider 
different organizational structures, changes in organizational culture, different support structures for IS, and 
different procedures of managing employees [l]. · 

Companies are racing to put up Web sites in the hope of increasing earnings through e-commerce. However, many 
e-commerce sites have yet to increase the profit or to make a tangible difference in fi.rm'·s sales and marketing 
efforts. Cost savings or access to new markets promised by the Web may not materialize. Companies need to think 
carefully about whether they can create a genuinely workable business model on the Interne1 and how the Internet 
relates to their overall. business strategy. · 

Many organizations use the Internet, Intranets, and extranets to reduce communications costs when they coordinate 
organizational activities and communicate with employees. The Internet is a quick, low-cost way to gather and 
disperse knowledge. The global connectivity and low cost of the Internet helps organizations lower transaction and 
agency costs, allowing them to link directly to suppliers, customers, and business partners and to coordinate 
activities on a global scale with limited resources~ The Web provides interactive multimedia capabilities that can be 
used to create new products and services and closer relationships with customers. ·Communication can be · 
customized to specific audiences. · 
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The Internet provides a universally available set of technologies for e-commerce that can be used to create new 
channels for marketing, sales, and customer support and to eliminate intermediaries in buy and sell transactions. 
There are many different business models for e-commerce on the Internet, including virtual storefronts, marketplace 
concentrators, information brokers, content providers, digital content delivery, and electronic clearinghouses. 
Interactive capabilities such as the Web, e-mail, video links, and discussion groups can be used to build closer 
relationships with customers in marketing and customer support. 

Intranets and extranets are forming the underpinning of e-business by providing a low-cost technology that can run 
on almost any computing platform [ 1]. Organizations can use Intranets to create collaboration environments for 
coordinating work and information sharing, and they can use Intranets to make information flow between different 
functional areas of the firm. Extranets are used in business-to-business e-commerce, joint development projects 
between organization, and supply chain management. 

E-commerce and e-business applications are growing dramatically. But it is reported that 72% of all online shopping 
are taken place in the USA itself. In the developing countries e-commerce and e-business are facing very serious 
challenges related to the status of available IT infrastructure, local customs, style of life and business regulations. 

E-COMMERCE IMPLICATIONS 
The coming years appear to lead the GCC countries and their business executives into a difficult phase of business 
transition. The World Trade Organization (WTO) rules and regulations may make it mandatory for the developing 
countries to adopt certain stringent measures imposed by the developed countries. Distinction between local and 
foreign firms would not be allowed under a competition agreement and policies granting importing or distribution 
rights to local firms (which include government agencies and enterprises) will be· banned [2]. 

Since a large number of enterprises in the QCC counties are small and medium range businesses, they will find 
themselves unable to compete with diversified, well-established and well-networked firms in the developed 
countries.' Many organizations that will not be able to upgrade their systems could find themselves on the verge of 
bankruptcy. This will definitely lead to a major crisis. The economy of the GCC countries' will be exposed to 
.challenges that could cause a direct threat to the local business sector and the welfare of the locals. 

E~business requires a complete arid fundamental change in your company's culture, processes, practices, and 
technology. There is no time for a slow business evolution- the business revolution has begun. If your business is 
going to survive this revolution you need to move quickly in order to take advantage of new opportunities to stay 
competitive. Thousands of companies are making the transition to e-business and soon everyone will be conducting 
business online. Only as an e-business you can meet market expectations and requirements and compete in this 
demanding, dynamic marketplace. 

As a true e-business you must integrate and streamline your entire operation - from the store to the call center, 
. warehouse and suppliers - so that you can not only provide products and services faster and cheaper than ever 

before, but so that you can gain a full integrated view of your organization and comprehensive view of your 
customers. 

E-business requires more than just purchasing and selling products and services (it is traditionally called e
commerce), and deciding where to start your transformation can be a daunting task. E-business changes to your 
traditional business are fundamental and profound. They go beyond e-commerce, changing the technology, 
processes, structure, and culture of your organization. 

Becoming an e-business is about more than creating a home page or a fancy electronic storefront on the Web. Done 
right, the transformation from business to e-business goes right to the core of your business, making operations 
dramatically more efficient, significantly less expensive, and more quick and flexible than you've·ever imagine. 
That's because the Internet can lower your cost of sales and broaden your market reach by allowing you to 
inexpensively coordinate activities across all your-operational and distribution channels, equipping you to meet, and 
even anticipate, customer demand. 

For an-business, time to market is critical for acquiring and keeping customers. The Internet is the only 
infrastructure you can use to achieve global visibility from one end of the supply chain to the other and collaborate 
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electronically with your suppliers to shorten delivery-cycle times and effectively manage lower inventory levels. 
Internet supply chain management allows you to: 

1. Increase volume discounts. 
2. Reduce purchasing outside negotiated contracts. 
3. Streamline your purchasing process. 

E COMMERCE MAJOR NEEDS IN KSA 
To implement Internet technology for e-c_ommerce successfully, companies in KSA or in any part of the world need 
to make organizational changes. They should design their transactions at the current technological resources. They 
should consider different organizational structures, changes in organizational structure for IS, a~d different 
procedures of managing employees. 

In KSA, couple of resource needs should be identified before the process of transition from regular 
business to e-business. The resource needs can be listed as follows·: 

• Public network infrastructure: This represents the current network infrastructure in 'KSA. 
• Phone Lines: This represents the availability of phone lines to the public and private sectors in the KSA. 
• Transmission Mediums: The type of medium used to transmit data. 
• Hardware: The needed hardware to impltment the transition. Servers and workstations can be example of 

hardware needs. 
• Software: The needed software to imple ent the transition. Software licenses, certificate authority are 

. software examples. I 
• IT professionals: It includes the technical staff needed to implement the transition. Systems Analysts, 

programmers, and systems engineers are 
1

examples of IT professionals. 

METHODOLOGY 
Allocation of resources that includes technical and management people, software, and hardware to key business 
functions is at the core of the E-Commerce implementation problem. Allocation of resources ensures the optimal 
utilization of the organization scarce resources. Generally, the above mentioned resources which are grouped as IT 
factors, can be required through capital investment. 

In this paper a systematic 3-step way is developed to solve the resource allocation problem. First, the status quo of 
representative businesses in the public and private sectors in the KSA is examined. Next, resource needs of 
businesses are determined. Last, mathematical models are developed to optimize needed resources. Throughout the 
system development process key techniques such as Quality Function Deployment (QFD), Analytic Hierarchy 
Process (AHP) and Optimization are applied. For exampie, Q~D will be applied to identify resource needs in a team 
setting. AHP will be useful in prioritizing requirements. Optimization techniques such as Goal Programming will 
be useful for resource allocation. 

The proposed methodology for the third step includes development of hierarchal models at the public and private 
sector level for KSA. 

RESOURCE ALLOCATION USING LINEAR PROGRAMMING (LP) 
All organizations have to make decisions about how to allocate their resources. Usually, organizations operate with 
limited resources; consequ~ntly management must continually allocate scarce resources to achieve the 
organization's goals and objectives_.[2] 

As an example, If Riyadh Bank wants to allocate its funds to achieve the highest possible return, it must operate 
within liquidity liniits set by financial regularity, and it must maintain sufficient flexibility to meet the loan demand 
of its customers. 

In general, organizations attempt to achieve some objectives (maximize rate of return, maximize profit, minimize 
cost of software, etc .. ) under certain constraining factors(deposit, available software or hardware resources, available 
network time, available staff resources). 
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One useful optimizing technique which finds the optimize solution to a resource allocation problem involving an 
objective function and constraints is Linear Programming. The use of LP is proposed in this paper for solving the e
commerce resource allocation problem. 

Major Requirements 
LP requires the following specifications: 
1. The firm must have an objective to achieve. 
2. There must be alternative courses of action, one of which will achieve the objective. 
3. Resources must be in limited supply. 
4. We must be able to express the firm's objective and its limitations as mathematical equations or inequalities, 

and these must be a linear equations or inequalities [3]. 

Hierarchical Model of the KSA Public and Private sectors 
In this section, an overall scheme of resource models and their hierarchy is presented. The KSA hierarchal model 
represents the nation-wide current e-commerce structure. This model has three levels. At the top is the country-wide 
high level module. The e-commerce structure at this level is controlled and organized by the government. This 
includes ensuring the availability of resources as well as passing laws that will expedite the transition towards e-

. commerce. The middle level represents the private and public sectors. Finally, the lower level is divided into the 
type of businesses conducted by both sectors, private and public. Each lower level type of businesses is classified · 
into small, medium, or large according to the size of the business in terms of number employees. 

Resource allocation at the country level is driven by the lower two levels. Therefore, optimizing at the country level 
requires a clear understanding of the resources_ needed by the lower classes. As a· result, the most suitable tool for 
optimizing resources can be through the use of Dynamic Programming. Dynamic Programming is a technique used 
to solve optimization problems[3]. For our model, the optimal solution obtained at lower levels are used to optimize 
the resources at country level. · 

Country wide 

KSA 

Ownership 

Public Sector Private Sector 

Type of business 

Figure- 1 Hierarchical Model, of the KSA public and private sectors; 
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GENERIC RESOURCE ALLOCATION LP MODEL FOR E-COMMERCE TRANSITION IN THE KSA 
The constraints in the model are classified into four groups. First the summation of the utilized resources can not 
exceed a limiting factor. This limiting factor can be the total available budget of the IT development or a total time 
available to become online. The second class of constraints ensures that each resource is utilized but does not exceed 
a certain share of the iimiting factor. In KSA, since e-commerce is at its infaricy, such information can be obtained 
by surveys, analyzing company's data. The third class of constraints is the group class resources. Number of 
resources are combined and assigned a portion of the delimiting factor. T_his reflects the importance of that group of 
resources to the overall group of classes .. Finally, the fourth class of constraint reflects the inter-relation between the 
resource which can be determined by prioritizing of the resources .. The authors suggests a model resource allocation 
of e-commerce in the KSA. However, since e-commerce in KSA is at the infancy stage, data g~thering and 
analyzing is needed through surveys, interviews, and research. A generic model can be described to fit any 
corporation needs in the KSA. 

The Objective Function 
The objective function (Z) is to maximize the profit of implementing an e-commerce site. 

Max.Z = a1X1 + a2X2 + .... + anxn l 
Where X; represents Resource i for e-commerce rnsition. 

Constraints · I 

1-The overall budget constraint. 

n 

Lx;~B 
i=l 

Where B represents the total budget of IT to accomplish the transition. 

2-Individual resource budget 

Where ci represents the individual budget of resource xi. 

3- Multi-resources budget constraint 

a1X1 +~iX2+ .... +anxn ~d 
Where d represents the total budget for resource combination constraint. 

4-Interrelated resources constraints: 

a1X1 + a2X2 + .: .. +anxn ~ b1.X1 + b2X2 + .... + bnxn 

The left and right inequalities represent interrelated constraints between one or more resources in each side. 

Of course, data collection pertaining in coefficients ai, ci, B, and dis a significant effort for any organization. 
However, the LP modeling approach can be applied in phases. Initial phase will include rough-cut data and 
subsequent phases can include refined data. 
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ABSTRACT 
New technology adoption represents a challenge· and an opportunity for organizations. Mobile commerce represents 
the most recent example of new technology that businesses tried to embrace. Technology adoption represents a 
complex process that involves the organizational structure of the firm, its business strategy, organizational culture, . , 
and the environment in which the business operates. The new technology (the change) will im_p~ct the environment, 
will alter, modify or even revolutionize the business strategy, and in time, will change the firm's structure and its 
organizational culture. The adoption of them-commerce by businesses, ·especially small and medium-sized 

· businesses, is dependent upon their business strategy and organizational culture, as well as the business environment. . 
Several hypotheses are formulated. They will help understand the mobile commerce applications adoption process. 
Preliminary testing and several results are presented using a sample of small and medium-sized businesses from the 
state of Kansas. The research and implications of this model are discussed. 

INTRODUCTION 
According to Mobilocity.com (Muller-Veerse, 2000), companies are beginning to consider m-commerce as a high 
priority because they are unwilling to make the same mistakes that led them to underestimate ( or wrongly estimate) 
the potential of the traditional Web. Pressed by this important technological change, companies are in the process of 
initiating, developing, and implementing an effective m-commerce strategy (Mobilocity, 2000). The move is critical 
for future of the firm's performance and growth. As it is evolving, m-commerce has led to important research 
questions related to its progress, growth and development (van der Poel, 2001). Researchers have devoted 
considerable efforts to examine the impact ofmic~o behavioral (i.e., entrepreneurial personality and personal 
profile), as well as contextual variables (i.e., social network, infrastructure, industry and government support, 
environmental conditions) on the growth and financial performance of small and medium-sized enterprises (SMEs). 
Adoption of new technology is critical for the organization's growth and performance (Welsch, Liao, and Stoica, 
2001). However, reviews of this literature on small and medium-sized business performance reveal that no clear or 
consistent conclusion can yet be reached. Fraught with many contingencies, this field of research appears to be more 
divergent than convergent. 

Mobile commerce strategy is not about extending an existing website onto wireless devices (Sharma, 2000). The 
needs of the mobile customer, dependent on location and time, are far different from those of the PC user (at home as 
well as at the office). In addition, external factors, such as rapidly evolving technology, are far more influential in 
the mobile space than in the Web environment (Muller-Veerse, 2000). As stated by Mobilocity.com, companies that 
will view mobile devices merely as additional front-ends for the delivery of W eh-based content and services will find 
it difficult to succeed in the new era of ubiquitous communications and commerce. On the other hand, those 
entrepreneqrs who understand that the mobile Internet is a unique business challenge an4 opportunity - and embrace 
it as such - will build m-conimerce strategies that capture market share ( Greengard, 2001; Morace and Chrometzka, 
2001 ). This research focuses on increasing our understanding regarding the development of a theoretical model and 
a research methodology .that will help comprehend the process of mobile technology adoption by small and medium
sized enterprises (SME) by addressing several important research questions: 

What types of m-commerce applications will most likely be adopted? 

Does adoption of m-commerce increase _business profitability? 

Do the patterns of new technology adoption, in particular m-commerce, in SMEs vary across different 
organizational cultures, structures, and business strategies? 

We believe the patterns of technology adoption and its impact on the business strategy and structure of the firm have 
yet to be explored in SME research. Research in this direction will make a significant contribution in understanding 
the complex relationships involving performance differences across SMEs. · 
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ADOPTION OF MOBILE COMMERCE: ISSUES AND APPLICATIONS 
Wireless technology has recently received much attention from entrepreneurs, executives, investors, and business 
experts. It opens new avenues for businesses. Entrepreneurs will be the first to explore the opportunities offered by 
this new body of knowledge as it was the case with every chance and opening to "do different and better." (Angelos, 
Shaw, Singh, and Springer, 2001; Bhide, 2000, Bolton and Thompson, 2000). Similar to the Internet several years 
ago, wireless technology represents an important new technology that is generating a general fervor. Many assume 
wireless, and therefore mobile commerce (or m-commerce) will change the economic environment to an extent that 
will render "old economic rules obsolete" (van der Poel, 2001). 

Several issues are of interest for entrepreneurs and managers when dealing with the adoption of new technology such 
as wireless: Opportunity recognition (Sahay, Gold and Barwise, 1998): how can opportunities be identified in a 
changing environment and how can the entrepreneur take advantage of the emerging opportunity? (Angelos, Shaw, 
Singh, and Springer, 2001; Blau, 2001); Timing: is the technology mature enough to offer a significant return on 
investment for a company in a given industry? Are there applications that can successfully use the existent 
technology and add enhance (change) the business model? (Cadeaux, 1997; Glazer and Weiss, 1993) Trends: what 

· are the recent developments in the industries related to the new technology and how will they impact the business 
world? Is the technology fragmented? (Harte, Kellog, Dreher, Schaffnit; Campbell, and Gosselin, 1999; Morace and 
Chrometzka, 2001) Killer applications: which are the foreseeable applications that will capture the market and 
p·rovide significant revenue? (Smith, 2000; Wilhelmsson, 2001 ). Several factors helped to make many technological 
oriented entrepreneurs succeed. Success characteristics for technology oriented entrepreneurial businesses cited by 
Roberts (1991) include: technological-based s~rvice firms outperform companies that are primarily selling their 
personal technical capabilities, cofounders _(teams vs. individuals) are more likely to succeed (therefore consider 
partnering) initial marketing orientation help firms succeed. The wireless Internet and its commercial usage, known 
as mobile commerce (m-commerce) represent opportunities as well as challenges for entrepreneurs. Will the findings 
presented above hold for entrepreneurial companies in a mobile commerce environment developed by the use of new 
wireless technologies? 

Offering information, services, providing transactions via devices that allow the user full mobility are elements 
· positioned in the core of mobile commerce. M-commerce is not an extension of e-commerce but represents a 

· different business philosophy which necessitates different business models. It will make the business environment 
more demanding on companies (time and speed, customer location and his/her needs and wants become critical) in 
an m-commerce environment. 

Available Technologies and Applications 
Mobile Commerce applications are evolving with a wide variety of procedures in use. Applications have been 
developed for existing mobile platforms including laptop PCs, PDA's, telephone handsets and specialty pagers. 
Mobile applications have focused on: (a) delivering existing Internet services to the mobile customer; (b) using 
location sensing to deliver location based information, (c) using location sensing for tracking (fleet services, 
automobiles, pets, etc.), (d) using broadband to deliver mobile entertainment content (music, games, etc.). 
Application coverage is not universal and is constrained by the size, location and technology used by the mobile 
infrastructure provider. Low-End Applications (LEA) include email, web browsing and information services. High
End Applications (HEA) include transactions, inventory management, supplier-buyer relationship, interactivity, etc. 
SMEs can choose, and several have already chosen, between adopting LEA and HEA. In time those who adopted 
LEA will move to the more sophisticated and.more profitable HEA. SME's culture, strategy, management structure 
and it's business environment will determine if and what wireless applications should be adopted. In order to 
understand the adoption process we must d~sign a model that enables to identify and understand the relationships 
that govern m-commerce applications adoption. 
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Figure 1 
M-Commerce Applications: Value Creation vs. Complexity 

MODEL DEVELOPMENT AND HYPOTHESES FORMULATION 
By understanding the determinants of business performance firms can better formulate their business models and 
comprehend how a technology, such as the Internet, impacts the firm as well as how companies can exploit new 
technology (Afuah and Tucci, 2001). Afuah and Tucci (2001) developed a model that explains the relationships 
between the variables tQat determine performance. They suggest three major determinants of business performance: 
business models, the environment in which businesses operate and change. Change is represented by the new 
technology, in this case the Internet. 

Gagnon, Sicotte and Posada (2000) analyze technology adoption by using the Stevenson Model. The adoption of 
new technology (change) is investigated along dimensions that include: strategic orientation, opportunity seizing, 
management structure, and control of resources. For Chaston (1997) the interaction between entrepreneurial style 
(and thus firm's culture) and organizational structure is the main determinant of small firm performance. 

Desphande, Farley, and Webster (1993) in their investigation of Japanese-firms found a strong relationship between 
organizational culture and innovativeness. Thus, a new technology ( or its applications) adoption, represents a 
complex process that involves the organizational structure of the firm, its business strategy (Afuah and Tucci, 2001), 
organizational culture (Desphande, Farley, and Webster, 1993), and the environment (Sinkula, 1994) in which the 
business operates. The new technology (the change) will impact the environment, will alter, modify or even 
revolutionize the business strategy, and in time, will change the firms structure and its organizational structure. The 
adoption of a new technology is dependent upon the business strategy and organizational culture, as well as the 
business environment. The inodel is detailed in Figure 2. 
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The Business Environment is turbulent and changing constantly. Glazer and Weiss (1993) and Sinkula (1994) have 
defined turbulence as being characterized by high levels of interperiod change (in magnitude and direction) of key 
environmental variables (such as market size, products, competition, etc.) and by considerable uncertainty as to the 
future values of these variables. A competitive environment with many changes happening in a short period of time 
will determine SMEs to respond accordingly. Strategy development is dependent upon the business environment 
(Williams, 1992). Offensive strategies (market timing, market share control, speed of response) are used in dynamic 
industries (intense rivalry, focus on innovation), while defensive strategies (nurture protected market, isolate firm 
from rivals) will work in relaxed settings (isolated competition according to Williams, 1992.). A turbulent 
environment might affect negatively the firm's profitability (Williams, 1992). Strategically aggressive businesses are 
more likely to adopt advanced m-commerce applications (van Haas, 2001; Weiher and Kollman, 1998). Therefore 
(see Figure 1): 

· HJ: An environment perceived as competitive and turbulent, with multiple changes taken place in a short period 
of time,· will determine SMEs to· adopt competitive offensive strategies incorporating m-commerce. An 
environment perceived as less competitiv,e will determine SMEs to adopt strategieSJthat are less offensive. 

H2: A highly competitive environment in. which· many changes occur (turbulent environment) will determine the 
SMEs to adopt m-commerce HEA. Accordingly, an environment perceived as less turbulent will determine 
companies to act more conservatively and adopt m-commerce LEA or not any m-com~erce applications at 
all. 

H3: A highly competitive environment will have a negative impact on profits. 
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Organizational Culture: One of the key factors that may influence SME' s adoption process is its organizational 
culture and traditions. The field of organizational behavior is rich in theoretical literature on business culture 

· (Deshpande, Farley, and Webster, 1993). Deshpande and Webster (1989) defined organizational culture as the 
pattern of shared values and beliefs that help individuals understand organizcltional functioning; thus providing 
norms for behavior in the organization. Hofstede (1980) defined culture as the interactive aggregate of common 
characteristics that influence a group's response to its environment. 

Two key dimensions were used to classify organizational culture: the continuum from organic to mechanistic 
processes and the relative emphasis on interna\ maintenance versus external positioning (Deshpande, Farley, and 
Webster 1993). The resulting quadrants are called market culture, adhocracy, clan, and hierarchy, which are briefly 
defined as: Adhocracy culture centers around entrepreneurship, creativity and adaptability. Flexibility and tolerance 
are given priority. New markets, new technology, new applications, and new sources of growth are important. Clan• 
vaiues cohesiveness, participation and teamwork highly. Employee commitment is achieved through participation. 
Cohesiveness and personal satisfaction are valued more important tha~ financial goals. Hierarchy stresses order, 
rules, regulations, administrative procedures, accountability and predictability. Tracking and control are 
emphasized. Finally, Market-Driven culture focuses on competitiveness and goal achievement. Emphasis is placed 
on productivity and responsiveness to environmental changes. · 

The four types of culture developed above imply varying degrees of business performance. Indeed, Deshpande, 
Farley, and Webster (1993) found that competing values of the market culture outperform those of the clan culture. 
Those of the adhocracy culture outperformed those of the diagonally opposing hierarchy culture. The number of 
rules and routines ( and therefore the management structure) are dependent upon the type of culture (Deshpande, 
Farley, and Webster, 1993). The speed ofresponse to environmental changes which determine a higher performance 
is thus culturally dependent. It appears that for technology adoption, culture remains a strong determinant. 

Information search and organizational culture are telated (Sinkula, 1994 ). Therefore, the adoption of a new 
technology being based on information search, will also be related to culture. In traditional bureaucracies and 
hierarchical cultures, market information need i~ low. · Learning is based·on institutionalized experience. In this case, 
the SMEs expect to grow and survive, but at a higher level of efficiency and predictability, and continue the same 
behavior that worked in the past .(Sinkula 1994; Menon and V aradarajan, 1992). In other SMEs with a market or ad
hoc type of culture (thus entrepreneurial behavior), the learning emphasis could be focused more on adaptive 
behavior. Moreover, SMEs with market-driven culture may be more systematic in information search and new 
technology adoption than the ones with adhocracy culture. Therefore, we propose: 

H4: An entrepreneurial type of culture (adhocracy) will determine an offensive type of strategy for the SME and 
therefore increase the propensity of m-commerce HEA adoption. 

H5: Overall, the intensity and scope of new technology adoption is greater in SMEs with an adhocracy type of 
culture, sequentially followed by market-driven culture, clan and hierarchy cultures. However, the culture
adop(ion relationship is moderated by the business strategy and management structure of the SME. 

Business.strategy will determine the adoption of a new technology or an application of a new technology. M
commerce falls in this category too (van der Poel, 2001). If adoption fits into the organization's strategy,.ifit was 
predicted or anticipated in the strategic planning process (Gagnon, Sicotte, and Posada, 2000) then the company will 
consider one or more m-commerce· applications (Wilhelmson, 2001). The better the fit the more probable the 
adoption of high-end applications will be (Robert, 1988; Winge, 2001). Robert (1998) How close is the opportunity 
to the current and/or projected strategy? Opportunity search, assessment, development, and pursuit were the 
dimensions used by Robert (1988) in conducting its firms' analysis on innovation and technology adoption. 
Offensive business strategies will suit best new technology adoption. Managerial autonomy will favor innovation and 
new technology adoption. The same conclusion was reached by Sahay, Gould and Barwise (1998) when analyzing 
the experts' perceptions of opportunities and threats of the Internet for existing businesses. Therefore: 
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H6: An offensive business strategy will lead to m-commerce HEA adoption. A defensive business strategy will 
not consider the adoption of m-commerce HEA. At maximum, the firm will adopt a low end application. 

H7: Adoption of m-commerce HEA will lead to an increase_in profitability. However, the increase will happen in 
time after the full implementation of the high-end applications takes place. 

RESEARCH METHODOLOGY AND RESULTS 

Variables and Measures . 

Business Environment was measured using a 14 item scale. Participants were asked to rate the degree of change for 
various characteristics of task environment, such as: technology, competition market/customers, suppliers, 
regulations. The answers were measured on five-point scale, with a rating of 1 indicating the environmental 
characteristic has the least change and a 5 indicating the characteristic is undergoing major changes. The scale was 
originally based on Glazer and Weiss (1993) and Sinkula (1994). Williams cycles and Likert 12 item scale that 
measures how much change \ · 

~rganizatfonal Culture. This study adopted the r easure proposed by Desphande, Farley, and Webster (1993). A 
number of 100 points have to be distributed amo~ the four archetypes of culture depending on how similar the 
description is to the respondent's business along four dimensions: kind of organization (personal place, formalized, 
dynamic, production oriented), leadership (mentor, organizer, entrepreneur, producer), what holds the organization 
together (loyalty, formal rules, innovation, goal accomplishment), and what is important for the employee (stability, 
growth, achievement, human resources). 

Business Strategy was measured along several dimensions. Respondents were asked to rank their strategic priorities 
and were given a number of competltive advantages to select from such as: nurture protected market, isolate firm 
from rivals, extract temporary profits,. achieve a low cost position, build brand loyalty, market timing, economies of 
scale, speed of response (Walker and Ruekert 1987; Prahalad 1995). 

· Business Performance. The literature is rich in methods to measure· the performance of the firm (Dollinger, 1984; 
Kholi, Jaworski, and Kumar, 1992). Sandberg (1986) and Sandberg and Hofer (1987) considered the difficulties of 
measuring performance in a diverse sample of new ventures. They concluded that the best method is to measure 
performance categorically. However, among successful ventures the rate of return on sales was adopted. Other 
studies (Dollinger, 1984; Kholi, Jaworski, and Kumar, 1992) considered profit, growth rate, or return on sales as 
adequate measures. Therefore, this study adopted both return on sales and growth rate as performance measures. 

Sample 
A sru,:iple of businesses from the state of Kansas has been used to test the hypotheses. The sample was bought from 
the Kansas Chamber of Commerce (KCC). It consists of businesses, members of the KCC that accepted to be 
contlcted. A written questionnaire was mailed and a follow-up post card was sent several weeks after the first 
mailing. The respondent had the choice to respond by mailing back the filled questionnaire or use the survey website 
and respond on-line. From 937 KCC members to whom questionnaire have been sent 213 responses have been 
collected and used (response rate of 22. 73 percent). 

Results 
Of the 213 respondents, almost 72 percent do not use any kind of wireless technology in their business or use only 
wireless low end applications. More than 28 percent already use wireless high-end applicat~ons in such areas as 
business operations, or interactive transactions. More than 79 percent of the respondents use cellular phones, 15.9 
percent already use wireless PCs and 16.3 percent more planned to use them in the next 12 months. Wireless 
networks are used by 13.9 percent now and 15.8 percent plan to use them in the next 12 months. PDAs are already 
used by 17 percent and 14.6 plan to use them in the next 12 months. To test the hypotheses ANOVA and regression 
were the main tools used. Results are preliminary. This study had not as its goal to test the overall model and no 

. tests have been performed for inoden~tion or mediation effects. 
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Hypothe.sis 1 stated that if the environment perceived as competitive and turbulent, with multiple changes taken 
place in a short period of time; will determine SMEs to adopt competitive offensive strategies incorporating m
commerce. On the other hand; an environment perceived as less competitive will determine SMEs to adopt strategies 
that are less offensive. Regression showed non-conclusive results and therefore the hypothesis is not supported. 
Hypothesis 2 stated that a highly competitive environment in which many changes occur (turbulent environment) will 
determine the SMEs to adopt m-commerce HEA. An environment perceived as less turbulent will determine SMEs 
to act more conservatively and adopt m-commerce LEA or not any m-commerce applications at all. Again, the 
results are non conclusive and we therefore consider H2 is not supported either. According to Hypothesis 3, a highly 
competitive environment will have a negative impact on profits. The hypothesis is supported. The regression results 
showed a significant coefficient (R2=.174; P=-l.78; p<.05). 

Hypothesis 4 stated that an entrepreneurial type of culture (adhocracy) will determine an offensive type of strategy . , 
for the SME and therefore increase the propensity of m-commerce HEA adoption. The regr~ssion with dummy 
variables used showed significance at a p<.05 level (R2=.21). The hyp~thesis is supported. According to Hypothesis 
5, the intensity and scope of new technology adoption is greater in SMEs with an adhocracy type of culture, 
sequentially followed by market-driven· culture, clan and hierarchy cultures. The tests showed mixed results. We 
found adhocracy ranked, as expected, the highest. However, adhocracy was surprisingly followed by clan and not by 
the market driven type of culture. We found market driven and hierarchical organizational less favoring high-tech 
adoption. We therefore concluded that H5 is partially supported. 

Hypothesis 6 stated that an offensive business strategy will lead to m-commerce HEA adoption. A defensive 
business strategy will not consider the adoption of m-commerce HEA. At maximum, the firm will adopt a low end 
application. The hypothesis is partially supported (R2=.19). According to Hypothesis 7, adoption ofm-commerce 
HEA will lead to an increase in profitability. However, the increase will happen in time after the full implementation 
of the high-end applications takes place. We did not test the last part of the hypothesis since it involves a 
longitudinal study. We conclude that the hypothesis is partially supported (based on return on sales measure of 
performance, R2=.15). The use ofreturn on equity as measure of performance showed no significant result. 

DISCUSSION AND IMPLICATIONS 
Because of the social and economic value of m-commerce, models leading to an improved understanding of the 
wireless applications adoption by SMEs represent significant contributions to the literature (Narduzzi~ 2001; Nelson, 
2001 ). The case .of m-commerce and its adoption by the mass of SMEs represents a potential of empirical research 
(Sharma 2000). In a relatively short period of time almost-all SMEs will adopt some m-commerce applications 
(Angelos, Shaw, and Springer, 2001; Held, 2001; Rendon, 2001). This process will affect their business model, their 
culture, and eventually help them increase profitability (Rendon, 2001; Shih, 1998). 

The model presented in this paper makes a contribution towards a better understanding of the adoption of m
commerce and its applications by SMEs. Firm's culture (van Haas, 2001) and its business environment (Venkatesh 
1998; W~iber and Kollman, 1998) are predictors ofnew technology adoption. The firm's business strategy will have 
the final say every time a mobile commerce technology/application will be adopted (Winge, 2001 ). 

The proposed adoption model consolidates existing findings_ from the literature. It builds on the research done by 
Afuah and Tucci (2001). It can form the basis of empirical studies of what determines small businesses to adopt new 
technology. By identifying the factors that influence the adoption process, this model will help business 
owners/managers understand the changes they have to make, the factors that need most attenfron when deciding the 
future of their firms. Attempts should be rnade to develop multiple indicators for each variable in the model, as that 
would help in improving the construct validity of the measures used. In addition to developing indicators for each 
variable in the model, data related to some contingency variables should be obtained for control purposes. For 
example, data on variables such as size, SIC code or age of the business should be collected. Such data would enable 
testing for any kind of prevalent systemic biases in the data and provide controls needed to ensure that contingencies 
do not bias the testing of the model. Multiple regression, path analysis, and/or structural equation modeling may be 
used to test the model and the hypotheses. While multiple regression and path analytical techniques would help to 
assess the validity of the model and test the hypotheses developed in this article, structural equations modeling 
allows the test of causal relationships as well as other relationships not hypothesized. The preliminary tests 
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performed showed mixed results. However, we did not test for any mediation-moderation effects. More tests are 
necessary, including an overall test of the model. This represents the next step in this research process. 
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TQE WIRELESS COMMUNICATION BOOM AND THE CONSEQUENT EMERGING ISSUES 

Ruben Xing, John Wang and James Yang . 
Montclair State University 

ABSTRACT 
The rapid growth and adoption of wireless communications has revolutionized the traditional infrastructures of 
information technology (IT) and e-business. Meanwhile, it has caused profound shift in numerous aspects of society. 
This article will focus on three aspects: (1) The boom of wireless communications and the transformations from 
e(lectronic )-world to m( obile )-world; (2) The dramatic industrial infrastructure changes and huge business 
opportunities brought on by.wireless technology; (3) The effects of wireless communications on management, 
security and ethical challenges. Consequently, the wireless boom is greatly transforming our daily lives, as well as 
the environment, society, and the ecology. This brief discussion can help technology developers·, business planners 
and educators make the right adjustments to their short or long-term strategies. 

THE ERA OF UNIVERSAL WIRELESS COMMUNICATIONS 
The world is currently experiencing an intense burst of innovation in information technology. Just as personal 
computers in the 1980s completely changed how people work, and the Internet in the 1990s dramatically altered 
how people acquire information, the spread of wireless communications in the 2000s will bring a greater and more 
far-reaching effect. People use cell phones to communicate from any location in the world, and work at airports, 
hotels, or coffee shops with wireless computers. Students carry wireless notebook computers across campus, and use 
them to browse the Internet and do their homework online. Business people receive up-to-the-minute inventory 
figures on the displays of their cell phones. Company executives read and send e-mails on palm-held personal digital 
assistants (PDA) as they move through office buildings. Almost any electronic devices from computers, printers, 
digital cameras, TVs, radios, video or CD players, even dishwashers, refrigerators and laundry machines. will be 
built without wires. Inevitably, wireless technologies will continue revolutionize how people live and work. Three 
primary wireless tech challenges are outlined in the following table: 

Wireless LAN - WLAN Services Ranees Tech Features 
Wireless Fidelity (Wi-Fi) Most mature and widely deployed worldwide. It's Uses DSSS radio 

802-l'lb popular within enterprises and for remote access in transmission with 2.4OHz 
hotspots band, max 11 Mbps 

speed/3 7 5 ft 
802-lla Has existed on paper since 1999. Real products began Uses DSSS radio 

shipping in 2002. Supporting higher end applications transmission with 5OHz 
band, max 54Mbps 

speed/300ft 
802-1 lg Backward-compatibility with 802-11 b and using all the Uses 3 incompatible 

same tech as 802-1 la. Moving forward as a strong modulation tech with 
interim solution 2.4OHz, max 54Mbps 

802-lle To build quality of service for 802-1 lx so that they can Works as 802-1 la, 802-
support voice and video. lib and -llg 

802-lli To further secure and modify 802-11 includes two Modified 802-1 la and 
main developments: Wi-Fi Protected Access (WP A) 802-11 b with more secured 

and Robust Security Network (RSN). features 
802-llh Being developed. A modified version of 802-11 a to Extended 802-11 a 

extend use in Europe 
Bluetooth A wireless personal area network (PAN) transmitting 

. digital voice, data between mobile devices 
Max l ~bps/33 ft 

Mobile WAN · Services Ranees Tech Features 
20 digital cellular Transmitting data, voice using wireless digital cellular Max 14Kbps/ Nationwide 

technology 
2.50 digital cellular With improved speed accessing e-mail and Internet Max 384Kbps/ Nationwide 

using wireless digital cellular technology 
30 digital cellular With improved speed transmitting multimedia data and Max 2Mbps/ Nationwide 

voice using digital cellular technology 
i-Mode Using 'smart' cell-phone to access Web-based services Max 384Kbps/ Nationwide 

with cHTML ( developed bv NTT DoCoMo) 
Wireless Access Protocol Using cell-phone, and other wireless devices to access Max 384Kbps/ Nationwide 

(WAP) Internet with WML and micro-browser 
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Broadband Wireless Access Services Ranges Tech Features 
(BW A, Fixed) 

Fixed broadband Wireless Alternative to wired broadband like DSL, cable Max 1 Gbps/ 35miles 
Web modem, to access the Inte.rnet using wireless 

computing devices 

Table 1: Primary Wireless Tech Landscape 

INDUSTRY & TECHNOLOGY INFRASTRUCTURE RESHAPING 

Impact on the telecom industry 
Figure 1 shows the past and the estimated numbers of worldwide mobile & fixed line telephone service revenue 
within the decade. 
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Figure 1: Worldwide Mobile & Fixed Line Telephone Service Revenue (Source: Financial Times) 

The demand for wireless service has been extraordinary and the wireless boom is just beginning. Wireless will soon 
become the dominant form of communication service in the U.S. The new wireless technology has brought 
enormous challenges and opportunities to almost every part of our lives. Recognizing its great flexibility, efficiency, 
and immeasurable developmental potential, both businesses and individuals have quickly adopted the technology. 

Wireless communications are quickly reshaping the traditional telecom industry. The shift is shaking the 
telecommunications establishment to its foundations. It is a serious issue for the companies without a solid wireless 
position, like Quest Communications which doesn't have its own wireless business. The sales of Lucent 
Technologies, dropped from $27 billion in 1999 to an expected $9 billion this year. During the past few years of the 
mobile service boom, many big local phone companies' revenue, for the first time ever, dropped steadily, and they 
are suffering dangerous erosion in their core businesses. To survive, the traditional telecom companies have to 
migrate their seryice to wireless, which is a huge and complicated transaction. As a result, the telecom equipment 
companies also have severe revenue declines in recent years. 

j 

Mobile computing challenges facing IT infrastructure 
The rapid technology adoption pushes businesses to use a mixture of hardware and software suppliers. IT vendors 
are also being pushed to change their traditional products to meet wireless market needs. The manufacturers' 
revenues from making Wi-Fi-enabled desktops, laptops, NICs, hubs are soaring. The same pressure is felt by 
wireless application developers as well. The new IT infrastructure also incorporates public infrastructures including 
telecom and local phone systems, the Internet providers, satellite or cable-TV companies, and other public network 
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vendors. figure 2 frame shows how a regular lT infrastructure incorporated with new tech requires vendors to 
support an organization's information architecture. 

Hardware 

Organization's 
Information Architecture 

Software Data and 
Storag Tech 

~i------------,...-

Incorporated 
with newly 
developed 
vendors 
(hardware, 
software, and 
applications) 
supporting 
wireless servis;e& 

Public Infrastructure 
(e.g. satellite, telephone 
and cable TV vendors) 
are incorporated with 
wireless and other new 
tech based IT 
Infrastructure 

Figure 2: New IT Infrastructure Supported Information Systems of an Organization 

Business infrastructure transformations: From e-business to m-business 
Mobile communications essentially changed the ~ay to measure business and information technologies' 
productivity. Mobile applications and wireless Internet services have introduced revolutionary changes in the way 
companies conduct business. All c_ommonly used cell phones, PDAs, interactive televisions or pagers are becoming 
Internet-enabled devices. With information more readily available, these new services have allowed for a dramatic 
drop in the cost o_f creating, sending, and storing information, as well as for communication, transaction, and agency 
spending. Uncountable business channels are being created. While e-business focuses on how to bring customers to 
a web site, the strategy ofm-business shifts to finding ways of bringing messages directly to customers everywhere, 
anytime they need them. Businesses will reach customers more easily, and thereby track down transaction status and 
communicate more efficiently. Furthermore, the traditional business value chain and supply chain are being 
reformed and restructured. Pepsi recently launched a new strategy using wireless to reinvent the way soda is sold, 

. altering the nature of work and customer relationships. 

More and more employers are adopting the m-business model because they see the gains in productivity and 
competitiveness that it can deliver. Management has also realized that mobile working has and will continue to have 
profound effect on the way work is done. On the other hand, employees like mobile technology as a way to achieve 
a better work/life balance and use their time more sensibly. Figure 3 shows the dramatically increased figures of -
companies that have enabled wireless applications for their users. 
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Companies that enabled applications 
for wireless .users% 
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Figure 3: Companies that Enabled Applications for Wireless Users (Source: Financial Times) 

WIRELESS LOOMING ISSUES FACING BUSINESSES AND SOCIETY 

Business, security challenges and ethical issues 
Several new management challenges facing new IT infrastructures are briefly summarized below: 

Plannin tion 

Among the challenges, security and performance are the most serious concerns for both organizations and 
individuals. Wireless communications through corporate applications have created several vulnerable areas as 
summarized below: 

Typical security issues Descriptions 
Access problems Because access point beacons have no means of encryption, 

hackers can always find an accessible wireless network within a 
short distance 

Policy abuse problems While wireless .networks are becoming easier to deploy, rough 
settings and operations bring loss of system management 

Performance problems When any wireless user shares the same bandwidth with a single 
access point, if a user consumes a large signal portion, it may 
cause siimificant performance decline for the remaining users 

Authentication problems As the source address of an authorized user can be easily 
obtained, attackers can redirect wireless traffic, and imitate an 

access point to capture authentication credentials. 

Wireless developers have come up with several solutions to prevent security flaws. Some vendors recently 
announced support for a new standard, called Wi-Fi Protected Access (WP A). In this, the flawed WEP is replaced 
with a stronger encryption method. The new WP A identifies a problem differently through a new extensible 
authentication protocol (EAP), which uses secure password-based authentications, so that it provides much securer 
WLAN access: Virtual Private Network (VPN) was designed for accessing wired networks with encrypted user 
passwords and documents. These features now comply with the latest wireless specifications 802. IX, which also 
uses improved WLAN security. · 

166 



Proceedings of the 2004 IEMS Conference 

While cell phone companies are racing to introduce more new features, photo taking and so-called geo-tracking 
capabilities are causing several privacy concerns. Facing these ethical issues, what are the rights of the person being 
photographed, having individual location traced, or private phone calls recorded? Should controls be put into place 
to limit where and how cell phone cameras may be used? Whether the gove~ent or legislators will find right 
answers is still uncertain today. · 

Reformation of society, education and social life 
The way people live and communicate has changed magnificently. With more updated mobile services, people with 
a cell phone now can use it as pocket organizer? retrieve e-mail, send instant messages, surf the Internet, store and 
play music and streaming videos, take pictures; record short movie clips and play games. More profoundly, wireless 
technology has reformed aspects of education. Both teachers and students are freed from being confined to 
classrooms or offices for certain kinds of work. Teachers can communicate with students through wireless emails or , 
a virtual classroom anywhere, anytime. Having wireless access, ·students are able to manageJ h~ir schedules and 
projects with greater flexibility. They can access the school network from any location on campus. In addition, as 
more schools start providing wireless networking services, this translates into cost savings. Traditional classrooms 
are able to function as computer labs and thereby reduce facility cost for schools. On the other hand, the number of 
boarding students and school commuters will dro~ as wireless-based online and distance-learning get more 
commonly developed and adapted. . 

Students .are _among the most progressive ~oups , f people who h~ve realized the applications ?f wire~ess . 
communications. Although non-wage-eammg stu ents cannot typically afford the cost of mobile service, their 
parents are often willing to foot the bill to keep track of their kids, according to a study from Cahners In-Stat Grqup. 
The study also shows that about 43 million young people, especially students ages 10 to 24 will subscribe to 
wireless services in 2004. In light of the great flexibility of wireless online education, some municipal and education 
departments are beginning to consider the possibility of removing some schools from cities to remote sites. The 
emergence of wireless education is strongly shaking the traditional education model. 

Restructuring of urban industries and planning 
Construction, as one of most important urban ind11:stries is commonly believed to be the least IT-dependant industry. 
However, one of most difficult construction management tasks is to deal with idle employees who are on hold 
during the conjunction-gaps for construction projects. In addition, construction workers may often have to travel to 
several different job sites in one day. Wireless technology provides easy solutions for construction management. 
Managers and workers communicate the most resent status or projects, work more efficiently and reduce much 
unnecessary traveling time. Plus, equipment, materials arrangeiµent and delivery are also made more efficient 
through wireless communications. Postal service is another crucial urban industry, United Parcel Service (UPS) 
recently launched wireless systems to improve its productivity and business performance. The strategic wireless 
solutions should allow customers to access shipping information anytime, anywhere. 

· Since the m-business model has evolved, the concept of city also has been redefined. Wireless communications 
dramatically reduced the needs of travel. Business offices are gradually relocated to suburbs to avoid higher rent, 
and also to ease employees' commutes. Meanwhile, with advanced mobile· technologies, people have changed the 
way·they work and commute. So more people, commonly white-collar workers are moving to quiet, clean and 
spacious environments to live and telecommute. A form of "edgeless cities" (Rob Lang, 2000) with sprawling office 
and residential regions is emerging. Clearly, with the wave of popularized wireless and other new technologies, the 
gap between the rural and urban environment has narrowed, and sooner or later, will be eliminated. Both present and 
future plans must consider expansion for the capacity of public transportations, highway extension and new 
construction; instaltingmain trunks for power, phone and TV. Moreover, to meet wireless development agendas, 
redesigning traditional buildings with wireless transmission stations (Hotspots) should also be part of the plan. 

While bigger cities are getting edgeless, municipalities of small cities are waking up to the hard economic truth of 
the wireless and other digital divide (Gerry Bluckwell, 2002). At a United Nations conference in July 2003, the 
secretary general Kofi Annan delivered a message that developing countries also need to include wireless access in 
building an Internet System. "it is precisely in places where no infrastructure exists .that Wi-Fi can be particularly 
effective." Facing the great potentials and opportunities brought by wireless technologies, and the hard fact that the 
telephone and TV cable businesses make little profit in small and remote cities, especially in underdeveloped 
regions, local government and developers of these areas are realizing the truths: Substituting wireless technology for 
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hard-wired communication infrastructures can lead not only to significant financial savings, but also to leapfrog 
telecom generations and empower their people. 

Hotspots and land use issues facing wireless development 
As wireless transmissions are limited within certain ranges, developers have started providing hotspots aggressively 
so that to push up Wi-Fi covers broader areas in cities. Designing and building the necessary number of hotspots 
create a newly formed wireless network infrastructure. To cope with this new infrastructure challenge, both business 
and city administrators have to be well prepared for a series of planning concerns: How to work with landowners for 
the space to build hotspots? How to select the right vendors whose technology and services best meet the specific 
needs in their cities or communities? How can wireless facilities be introduced into local communities in a way that 
reassures their compliance with established safety standards? How can the benefits of wireless communications 
coincide with the local approach to planning and development? (The New Jersey Wireless Carriers Coalition, 2000) 
In addition, wireless industry must consider building additional hotspots for service expansion and redundancy 
plans. As the result of those concerns, budgeting.the costs, permitting land use authority, and selecting the location 
for hotspots are also becoming mandatory planning concerns. 

. ± - . Health risk concerns 
The perceived health risks of wireless signals ha e been identified as a potential public health and safety issue. It has 
been proved and documented that high levels of dio frequency (RF) exposure can produce types of biological 
damages. To-date, no scientific studies have reveJled health problems caused by the absorption of low level of RF 
energy on the human body. Some US cities address the health issue by distinguishing between actual and perceived 
health hazards when performing environmental reviews of proposed facilities. Despite the lack of scientific. 
evidence, it is always wise to ·be aware of concerns about the public safety of wireless facilities and to pay attention 
to ongoing scientific research. According to Critical Friends of Technology, some closer examinations of the 
evidence relevant to effects of wireless devices on other technology and, most importantly, on humans raise several 
issues. Therefore, in today's "technological imperative" society, clear and careful research must be continued. 

Wireless pollution 
. With the rapid and enormous growth of mobile services, a new kind of cell phone pollution was created and is 

. causing many environmental concerns. A study released by the national environmental research organization 
INFORM, reports that cell phones are typically used for only 18 months. There will be approximately 65,000 tons of 
discarded phones annually in the US. About 500 million used phones composed of toxic metals and other health 
hazards will soon be trashed. In addition, the discarded batteries, pagers, PDAs, music players and other wireless 
devices are also polluting the city environment. This "wireless waste" includes arsenic, antimony, beryllium, 
cadmium, copper, lead, nickel, zinc and other harmful materials. These substances leach into soil groundwater from 
landfills and create threats to human health and the environment. As huge amount of toxic garbage are increasing 
every year and everywhere, establishing recovery and recycling to prevent the earth from wireless pollution has 
become an urgent global issue. 

To achieve firm control, some municipalities in the US have developed recycling programs that allow for the return 
of discarded phone sets, batteries, pagers and accessories. To force the wireless industry to comply with recycling 
policies, some states are considering legislation that would make manufacturers pay the cost of managing the 
"wireless waste". Internationally, Australia and the European Union are taking actions to make manufacturers 
responsible for recycling digital products. 

Meanwhile, several companies have developed disposable cell-phones to target customers and provide competitive 
services. In particularly, disposables will be doing well in the developing countries as they bypass a huge 
infrastructure cost for both companies and consumers. 

Waste in the Wireless World recommended series of specific recommendations for minimizing the cell phone waste, 
which are currently under debate for legislations in Washington. They are briefly summarized below: -
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■ The use of toxic substances in cell phones should be reduced; 
■ A single technical standard for all cell phone carriers, along with standardized cell phone 

design elements, should be implemented in the US and worldwide; 
■ Cell phones and their accessories should be designed for disposable. and reuse; 
■ US manufactures should implement effective take-back programs for cell phones, and 

batteries 

CONCLUSIONS 
The technology of wireless communications is one of the dominant influences of this century. It.can be compared to 
the sweeping changes brought about by the industrial revolution. Already, wireless technology is outpacing several 
traditional industrial sectors,. and becoming an indispensable tool for changing future life and developing the glob~l • , 
economy. 

The major impacts of wireless technology challenges that technology, business planners and educators face are 
• multi-dimensioned.Primary areas of coI).cem are: the transformation of e-business tom-business; and the 
transformation of industrial, and technological infrastructures. Furthermore, wireless cpmmunications are triggering 
the reformations of social, educational, environmental and ecological development. Several consequent impacts on 
environment, public health, security, social, and ethical issues are becoming urgent issues for today's world. 
Therefore, in order to meet these profound challenges, readjusting and reestablishing the current and long-term 
strategic plans become mission-critical. 
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ARE MBA PROGRAMS SERVING BUSINESS NEEDS? A PILOT STUDY 

Gordon W. Arbogast and Charlotte Prom 
Jacksonville University 

ABSTRACT 
This is a pilot study of the demand for and utilization of essential management tools and technologies by MBA 
graduates. · A study was conducted in the city of Jacksonville to determine the major technological tools that were 
being used by recent MBA graduates. Those tools being used most after graduation were in the areas of operations, 
statistics, quantitative analysis, as well as in communications areas such as Power Point techniques. Heavy demand 
showed up in project management tools. A lack of integration of MBA courses is having a negative impact. 

INTRODUCTION 
Many corporations make significant investments in their leadership, present and future, through MBA programs. 
MBA programs offered in the northeast Florida area include technological courses, as well as management courses 
that use computer-based tools to maximize management techniques. Over the past 10 years the introduction, 
evolution, and acceptance of technology as a required skill for leadership has influenced investments in training and 
development, as well as significant investments in the technology to enable the application of those skills. 

In 1999, the American Assembly of Collegiate Schools of Business (AACSB) stated their theme as "The 
Technology Revolution in Management Education". By 4000, a study of business deans identified a lack of 
consistency in IT course offerings among universities. Now that business is well into the information age, IT is no 
longer a back office, low-level component. Rather, organizations expect information technology to automate 
standard business functions and transform the business's structure (Stephens & O'Hare, 2001). Many MBA 
programs have recognized this need, Based on a study in 2001, findings indicated that a remarkable consistency 

· exists within of AACSB MBA programs within IT components. Also, a strategic focus of the courses in each 
program exists and is appropriate (Stephens & 0 'Hare, 2001 ). 

Within business, technology has now become a key component within the work environment of employees at all 
levels. Technology skills are a pre-requisite for employment and personal computers are a standard issue tool for all 
office employees. Office tools are a mainstay and e-mail has permeated all of industry as a staple of communication. 
The proliferation of all types of software for all types of work and management activities has provided executives 
with an opportunity for advantage. This ultimately, should provide a firm with an advantage as well. 

Issues concerning the use and abuse of those technologies is a constant topic for IT and business professionals. An 
excellent example is e-mail. In a recent MET A white paper, the growing "E-mail Conundrum" discusses the 
exponential growth of e-mail during the past five years. Concerns about the volume of mail and time spent 
managing in-boxes remain a perennial problem. It was estimated that the averages of 25 messages that are 
received daily today, ifleft unchecked, will double in the next three years (Cain, 2002). But does this same over-use 
problem exist for the key tools being taught by MBA programs? Specifically, does utilization of key management 
tools and technologies by MBA executives validate the significant investments made by companies in both 
education and technology? 

METHODOLOGY 
The purpose of this study was to analyze MBA executives' technological prowess and utilization of essential 
management too~s and technologies. Descriptive research was used to assist stakeholders to understand the current 
state of investments regarding the tools, technologies and techniques that are taught as part of regional MBA 

J programs. , 

In this study, syllabi of courses at the MBA level were evaluated. In addition, key critical data regarding software 
licensure to educational institutions in the northeast Florida area were evaluated. IT and materials or asset 
Management professionals at corporations located in northeast Florida were interviewed regarding software 
budgeting and.application portfolio information. Using the data from those, a survey was developed. The study was 
a useful benchmarking tool for institutions of higher learning as well as the corporations that support their 
enrollment through candidates and funding · 
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Hypothesis 
The utilization of key management tools and technologies by MBA executives justifies the significant investments 
made by companies in both education and technology. 

· Methods 
The content of syllabi from several northeast Florida universities' MBA programs was reviewed and analyzed. A 
review of each of the course materials to determine the technical contents and technical requirements of each course 
was done. This included the use of specific software for applied learning and research, as well as assuming the use 
of word processing and presentation software tools as noted in course assessment methods to include exams, 
computer-based projects, reports and class presentations. 

Telephone and face-to-face interviews were held with IT and materials management professionals at three major 
corporations in the northea~t'Florida area. Discussion topics inch,1ded software application portfolios, and license 
maintenance fees. Questions also included budget around educational investment, specificaHy advanced degrees in 
business. · · , 

· Data collection from various executive placemenifirms ( click and brick) regarding the skill sets of CEO candidates 
was employed. The instrument used was two-wa conversation that utilized a scripted· questionnaire regarding the 
s~ill _sets advertised b~ executive c~didates as in icated fro~ _a sample ?f curricu_lum vitae data of MB~ executives 
within a sample of national executive placement . rms. lnqumes regardmg the pnmary and preferred skills sets 
employers seek in filling executive positions werd posed. 

I 

Findings from the previous data collection methods were used to construct a survey instrument. MBA executives at 
three major corporations in northeast Florida were surveyed through an electronic survey instrument, SumQuest 
survey tool. A separate, informal survey was done at one of the organizations to the executive assistants of company 

· officers to determine the direct use of desktop e-mail capabilities. These questioned the tools available on MBA 
executive desktops as well as their use and application for analysis and business decision-making. NOTE: 
Professional hubris may have affected the ability to gather accurate data from those surveyed from a quality and 
quantity perspective. 

Questions 
The following specific questions were posed in the survey: 
*What MBA courses teach and/or utilize technology as part of its curriculum? 
* What application software systems do MBA professionals/executives currently use and how often? 
* What is the depth of an organization's (corporate and institutional) application portfolio and what is the annual 

budget to support licensure? 
* What strategic advantage (individual and/or corporate) does or does not exist due to a displayed technological 

prowess and proficiency? 

RESULTS 

Key Findings 
. In reviewing the curriculum and catalogs of MBA programs, it was found that minimal tech skills are an assumed 

pre-requisite for ehtryinto programs. In addition, most textbooks accompanied by software and/or websites and 
instructors often provided additional o~ine learning resources as supplemental readings for their students (55%). 
Other areas that used technology inclu<;led actual instruction ( class and distance) and research. Evaluation methods 
that utilized technology in some form or fashion included applied problem solving with technology, presentations, 
research papers, online simulation games, and online testing (75%). All courses utilized online communication 
between student and professor via email, intran~t and instructor specific web pages. About half of the courses 
directly taught a tool as part of its course (55%). Overall only 15% of the courses reviewed did not include use of 
technology whatsoever in their syllabus. 

Course syllabi were reviewed and each was evaluated on its technological content in the following areas: 1) use for 
teaching (CD or website with book) 2) use for evaluation (tests, presentation, etc); and 3) technology specifically 
taught as a tool for application and if so, how or what was taught. · 
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Course CD Eval Annlied How 
FIN 6406 ~ N N 
BUL4906 N y y Lexis/Nexis 
MAN 6204 - org N y ~ Research 
Marketing 6805 ~ y y BB Dist Learning Tool/Lotus Notes 

Marketing 617 5M N y y Lotus Notes Modules 

Marketing 6933 ~ y N 

MAN 6501 y y y LINDO 

ECO 6415 y y y Excel for Stats 

MKT y y N 

ECON y N N 
ORG N N N 
ATG N N 1 N 

MIS N y y Build a web page 

Quant y y y IOM for Windows 

OPSMGT y y I y POM 

FIN y N I N 

INTMKT y y N 

Strat Pol y y y Capstone Simulation 

MGTEcon N y y Excel/Regression 

Ethics N · y N 

Chart 1 Courses Evaluated in M:BA Programs Y=Yes N=No 

. Professional Interviews 
Corporate Professionals 
Telephone and face-to-face interviews held with IT and materials management professionals at three major 
corporations in northeast Florida indicated that large investments are made in desktop software applications. 
Budgets ranged in between 3 and 8 million dollars. In addition, an average of an additional 15-18% of those dollars 
was budgeted for the maintenance of those applications (licensure, support, etc). Software applications portfolios 
for the desktop ranged from 600-800 versions and varieties of software. Educational investments budgets for these 
corporation ranged in the hundreds of thousands of dollars to lower millions with 15-20% of those dollars covering 
advanced degree programs. 

Discussions with IT professionals at educational institutions displayed a different picture. Desktop application 
portfolios were significantly smaller and ranged from 40-200 applications. Information from a budget perspective 
was not available. Upon interview, Microsoft declined to provide information regarding sales and licertsure for 
educational and corporate clients in northeast Florida. Interviews with executive placement firm recruiters and 
placement professionals indicated that technical skills for executives are not the priority. Primary leadership skills 
include: direction setting, alignment, communication, vision and motivation. However, key management skills 
include planning, budgeting, organizing, controlling and problem solving skills these recruiters noted as being 
greatly optimized through expertise in technology and tools to support these functions. 

Quantitative Results 
An electronic survey was e-mailed to MBA executives at three major corporations in northeast Flbrida. Data was 
collected and is reported out below. · 

MBA executives surveyed all used their computers all or most of the day. The primary use was e-mail (41.4%) with 
· project management (22%) next followed by financial tools (14.6%). E-mail was noted as being used 21-40% of the 

time, calendar between 20 and 40%, financial less than 20%, statistics less than 20%, word processing between 20 
and 40%, project management less than ~0%, software development was less than 20%, operations management less 
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than 20%, resource management less than 20%, and presentations less. than 20%. Over 85% responded to manage 
his or her own inbox and calendar with no assistance from administrative staff. Statistical and financial reports were 
cre~ted ~ith technological tools 61 % of the time directly by executives interviewed. Similarly, presentations were 
created directly by executives over 82% of the time. 

' ' . 

Responses indicated that 61 % did attend specific courses as part of their MBA. Most frequently indicated, in order, 
were operations, statistics/quantitative analysis, and Power Point presentations. Thirty-nine percent indicated that 
they do still use those applications in their current position. 

Suggestions for applications were provided by 41 % of respondents and project management tools were most 
frequently recommended. Other tools requested· included Visio and financial modeling and other .enterprise value 
chain delivery syst~ms (Enterprise Resource Planning, Customer Relationship Management, and Supply Chain 
Management). 

CONCLUSIONS AND RECOMMENDATIONS 
This study has been limited to data from northeast Florida. Two major universities in northeast Florida were studied 

. - Jacksonville University and the University of North Florida. In addition, the data from three major corporations in 
north Florida was studied. Due to the lack of a robust sample, this initial study is presented as a pilot study. 
Findings may be of use as a basis for more_in-depth studies by corporations, institutions and individuals who might 
be considering or reconsidering investments in education and technology. 

Chief findings include the proliferation of technology throughout MBA curriculums, while the use of those specific 
technologies post-graduation that taught as course matter is limited on a day-to-day basis. Graduates' feedback 
specifically noted the need for additional training in project management tools due to the prevalence of.project 
management methodologies being used to manage work in the current business environment. In addition, the need 
• for more integration among the various MBA courses was also identified. Professors are not taking adequate 
measures to ensure that the courses taught are better _integrated. Instead, professors are often in their own "stove 
pipe" and are oblivious to the impact of their material on other courses being taught in the overall MBA program. 

The primary findings in regards to the informal survey to executive assistants showed the lack of use of email as 
intended. 100% of those interviewed confirmed the printout of all email messages and the subsequent keying of 
responses back into the system by those assistants. Feedback on this activity noted that executive activities were 
such that time constraints prohibited their ability to directly access email. 
A corollary between the expenditures on software, and the expenditures on educational investments in MBA 
programs was not found. Ultimately, these finding suggest the utilization of key management tools and technologies 
by MBA executives justifies the significant investments made by companies in both education and technology. 
However, based on the feedback of executive placement firms as well as survey comments, that prowess is not a 
fundamental skill required of leadership executives. It is rather, a potential advantage for specific situations 
including, but not limited to the technical industry and/or other "lean" model corporations. In addition, the 
technological landscape of the environment assessed may not be at a maturity level that would provide any 
significant strategic advantage for any company making such investments. -

The following recommendations. could be considered based on the conclusions above: 
• Universities -and HR professionals should work more closely together to align business requirements as 

they .relate to educational investments being made in advanced degrees. 
• HR departments should track technology skills obtained in firm-sponsored education, monitor their use, 

and subsequently influence the makeup of the desktop application portfolio with that information. 
• MBA curriculums should immediately consider the inclusion of formal project management training. In 

addition, more integration of courses in the existing curriculum is needed. 
• Similar to other professionals, CP As, lawyers, board certified physicians - even cosmetologists and realtors 

- MBAs should be required to meet minimum continuing education requirements. Post-graduate training 
should be acknowledged in a manner that would apply consistency and credibility to attendees. This 
alignment would provide additional work on the part of universities, but the additional credibility for the 
MBA credentials. 

• Professors in MBA Programs need to collaborate more closely to eliminate redundancy in their courses and 
to better integrate the material that is included in the various functional courses. 
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• Based on initial research findings, additional detailed research is warranted to support the specific 
recommendations above. 
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HIGHER EDUCATION IN JAPAN 

Dj ehane Hosni 
University of Central Florida 

ABSTRACT 
From the 'Economic Miracle' of the eighties to the economic downturn of the nineties, the focus on Japan has 
drastically changed. Human resources played a key role in its transformation to become a major industrial 
superpower. How is its human capital responding to the changing internal and external environment and the dictates 
for reforms that permeate the Japanese society? · While Japan has established its supremacy in pre--college education, 
tertiary education did not fare well. How can a society with such technological achievements suffer from an 
inadequate higher education.system? We argue that higher education is both the weakest and missing links 
reflective of the majo.r problems facing this country . . This pape_r reviews the characteristics and challenges of that 
system and their implications for Japan's revival in the context of the globalization and in comparison to the United 
States. 

INTRODUCTION 
Japan is an island nation (Shimaguni) whose geography has greatly affected the peoples' mindset. Its inward 
looking and isolationist mentality closed it to foreigners. Its homogeneous population responded to the challenge 
following the war devastation and helped Japan rise from the ashes. Its success is attributed to its highly literate 
and well-educated people whose educational attainment contributed to the quality of its workforce that led it to catch 
up with industrial superpowers. This convergence was accomplished under government leadership in a 40-year time 
period and quadrupled its standard of living in twenty years. 

Japan exported its "Miracle" to Asia where it was dubbed the "Asian Miracle". Countries such as Hong Kong, 
South Korea, Singapore, and Taiwan adopted the Japanese style of development and, in turn, leapfrogged both in 
terms of per capita income and human development. Japan led the "flying geese" formation followed by the Asian 
'Tigers' and 'Cubs'. 

The Japanese economic model became the envy of the world. Much pressure was put on the United States to 
emulate the Japanese model or riskloosing its economic power in the world economy. Arguments pertinent to 
successful policies on -basic education, human resource development, and industrial system were clearly echoed. Its 
industrialization scheme of "just in time" (Kankan) and quality control became central to the debate (Hosni and 
Kabayashi, 1993). 

Background information on Japan and the US is given in Table 1 in terms of basic indicators (World Bank, 2003). 
Japan has half the US population and three-fourths its per capita income (in purchasing power parity dollars). 
Based on the human development index (HDI), the United Nations Development Programme (UNDP) classifies 
them both as having achieved high human development (UNDP, 2003). The advent of the information revolution, 
however, served well the American economy. Despite Japan's giant technological achievements, it still lags behind 
the US in information infrastructure. The US boom in information technology boosted its productivity levels, and 
fueled economic expansion. Firms in Jap~n, despite the country's high mobile phone ownership, are not among the 
top producers in the world matket. In addition, Japan fares low in the acquisition of personal computers (56% the 
US level of computers per 1,000 peop~e) and Internet access, even trailing other Asian countries. Similarly, Japan 
has lagged in scientific output with les~ them one third the US level of scientific articles published. 

Currently, Japan is facing ·many serious conditions that impact its economic growth. It is paradoxical to note that the 
Japanese institutions and practices that were th~ pillars of the miracle became its sources of weaknesses and 
contributed to the country's economic decline throughout the nineties. More specifically, its educational problems 
mirror the structural ones facing the country. The paper is divided into three sections. The changing environment is 
discussed in the next section. The characteristics of the Japanese higher education system are then outlined. The last 
section addresses the challenges facing higher education with a particular emphasis on internationalization. 
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CHANGING ENVIRONMENT 
Japan is facing a new historic turning point. The most serious challenge facing Japan today is its changing 
demographic structure. This is triggered by a plummeting birth rate (Shoshika) and high longevity. With a total 
fertility rate of 1.33 (the lowest level in the world), its population is projected to decline to 101 million in year 2050 
with important implications for its age pyramid and its potential workforce. The shrinking of the college age 
population, although not unique to Japan, is well portrayed in figure 1. Whereas the US will experience a trend 
reversal, Japan will continue on its steep d.ownward trend. By 2010, Japan is projected to loose 32 percent of its 20 
to 24 years old population widening the gap with the US. Japan has achieved the highest life expectancy in the 
world. Consequently, given the fast speed of its aging population (Kooreika), Japan will move to the ranks of the 
oldest industrial countries with its share of people over 65 years reaching 37.5% in 2050. On the other hand, 
according to the United Nations, the US population is expected to double in the next fifty years to become four times 
as large as that of Japan. This notable population growth will contribute to a higher GDP growth. Unlike America, 
Japan does not admit foreigners into the country to bring balance to its demographic decline. The share of 
foreigners in the Japanese population is tiny (1.4%) compared to 12% in the US. 

Economically, Japan has experienced a "lost decade". Its recent economic performance has been the worst among 
industrial countries. After a decade of economic stagnation, the world lost faith in Japan's economic revival. 

- Problems pertinent to the financial sector, corporate governance, industrial overcapacity and labor redundancy have 
pointed to the need for sweeping reforms. Since the burst of the bubble in early nineties, the unemployment rate has 
steadily increased from 2 to 3 percent level to reach the American rate ( over 5 percent in 2002 as portrayed in figure 
2). Structural changes in terms of a more service-oriented economy have impacted Japan's labor market. Industry 
shifts are reflected in the need for technical and managerial people as opposed to production workers. Under global 
competitive pressures, the employment system can no longer rely on the traditional "lifetime" employment (Shushin 
Koyo) and seniority wages (Nenko ). It became very costly to guarantee job security in order to ensure low turnover 
and loyalty and to reward workers based on seniority. To reduce costs, employers now rely more on part-time or 
temporary workers. They are also seeking a new type of workers with emphasis on high creativity and autonomy 
(Doyon, 2001). The acceleration of labor mobility with mid-career moves, and meritocratic compensation requires 
new skill development (Doyon, 2001 ); 

Politically, Japan has been a one-party state for over half a decade. The Liberal Democratic Party (LDP) has ruled 
· since 1945. During the high-growth era, LDP served the national interest but then gradually succumbed to the 
demands of the special interest groups. The outcome was a dualistic structure of the Japanese economy: a 
successful export sector side by side with inefficient and protected domestic industries. High growth masked those 
inefficiencies, but with the economic slowdown, the high costs of the subsidized sector negatively impacted the 
exporting industries and prompted them to move offshore, or "hollowing out". In 2001, Prime Minister Koizumi 
was elected on a platform to introduce political changes: "Change LDP, change Japan". Although facing 
formidable economic and political challenges, he has vowed to promote structural reforms and the abolition of the 

. LDP factions. 

Culturally, Japan is facing drastic changes in attitudes as a reaction to the uniform lifestyle and consensus pattern 
that dominated the miracle years. The virtue of personal sacrifice that prevailed among the war generation is 
replaced by the affluent youth's (Shinjinrui) "freeter" mentality (Toyoda, 2002). This refers to graduates who do 
not care to pursue full-time careers or graduate education with parental dependence beyond college years. Another 
complication is brought about by the refusal of young females to marry and "breed" (parasite singles). They are -
displaying a new sense of independence and extravaganza to spend their money on luxury products. Brand name 
companies have greatly benefited from this shopping spree and recorded a high share of world sales in Japan at a 
time when the economic outlook of the country is feeble. 

Internationally, Japan's integration in the global economy is exclusionary and lop-sided. Although it is famous for 
its auto and consumer electronics exports, it is an under-importer as measured by both the share ofimports in GDP 
and the share of manufactured imports in manufacturing consumption (Katz, 2003). By the same token, inward 
foreign direct investment (FDI) has been insignificant by international standards and represented only 16 percent of 
its outward FDI (Katz, 2003). Most recently, however, there has been an increase in imports and-a surge in inward · 
FDI signaling positive adjustments to globalization. 
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. CHARACTERISTICS OF THE JAPANESE HIGHER EDUCATION SYSTEM 
During the high-growth era; Japari focused on pre-college education. It achieved top rankings in math (#1) and 
science (#2) literacy and was so much praised for producing a highly literate workforce. Its higher education 
system, however, has been debated for thirty years pointing to the need for reform, but without any notable 
·difference.Actually, Japanese higher education has been characterized as 'myth' (McVeigh, 2002). The 
characteristics of the system, like the country's institutions, are unique to Japanese society. Although it remains the 
weakest link of the miracle, we argue that reforming higher education should be considered the driving force to the 
revival of the economy and the enhancement of its international competitiveness. This 'missing' link will rejuvenate 
the role of human resources for a second take-off. 

Several observations can be made about the defining characteristics of tertiary education. 
1. Pyramid structure of higher education 
2. Universal tertiary education 
3. Under-funded higher education system 
4. Examination hell and credentialism 
5. Low graduate enrollment 

First, a three-tier ranking of national, public, and~rivate institutions,.universities are arranged in a pyramid shape · 
structure. National universities stand at the top 'th the University of Tokyo (described as the Harvard ofJapan) at 
the apex. A few private universities are also int .e top tier. Private universities, however, form the base of the 
pyramid and are considered oflower quality. Japitn has one of the largest private education (75%) systems in the 
world (Japan Statistical Yearbook, 2004). 

Second, Japan has achieved one of the highest tertiary participation among industrial countries. Based on Trow 
classification, given an enrollment ratio of over 50 percent, Japan has universalized, as opposed to popularized (15-
.50%), higher education (Arima, 2003). The increase in the demand for higher education is expected with the 
concomitant jump in per capita income and the aspirations of the parents to secure good careers for their children. 
Supply expansion was the natural response to such high demand. The number of universities doubled over the last 
four decades as enrollment more than quadrupled (Japan Statistical Yearbook, 2004). The share of female tertiary 
enrollment has expanded since the mid-1980s to reach, in 2002, 38 percent of total university enrollment. Those 
university educated young women represent a vital asset to employers as they face a serious labor shortage. 

Third, Japanese higher education is under-funded relative to other industrial countries. With public expenditures on 
education at 3.5 percent of GDP compared to 4.9 percent for. the US, the higher education share is less than one 
percent and is quite below the developed countries' range of 1.5 to 2.5 percent (Arima, 2003). Consequently, annual 
expenditures per university student are half the American figure. 

Fourth, fierce competition among students to join a university is characterized by examination hell. Parents devote 
significant resources (time and money) to ensure that their kids go to prestigious schools and secure good careers. 
Students attend cram schools (Juku) on a regular basis. Mothers are very devoted to their children's study needs 
earning the title of"education·mama". This eagerness to acquire degrees is described as 'education credentialism' 
( Gakureki) (Ila10, 2003). Paradoxically, although it is so difficult to enter a university, it is so easy to graduate. As 

. such universities have been described as leisure land (Doyon, 2001). This characterization parallels· the dualistic 
nature of the economy. Students' class attendance is poor and instructors cancel classes too.· Yet, passing rates are 
high. Basically, transformation at the l;llliversity level, in terms of added knowledge and learning, is not sought. 
That's because companies focus on where students graduated from rather than on ~kill acquisition. Employers hire 
graduates, provide internal training to.mold.th~m for the company (Shafu). Incidentally, Japanese workers also 
identify themselves by referencing the companies they are affiliated with as opposed to their specialization: Honda 
employee instead of engineer. · 

Fifth, given the lack of a well-developed higher education system, graduate education is not popular. Graduate 
enrollment is quite low (8%) and represents about one-third the US level. Typically, students will not seek graduate 
studies when they know that employers will not hire doctoral graduates and opt to develop researchers internally. 
Moreover~ companies do not report differences in salaries by degrees. It follows that Japanese universities are not, 
like their US counterparts, the source of basic research. The importance of science and technology for the 
knowledge-based economy requires the developments of such intellectual capital to harness its technical 

177 



Proceedings of the 2004 IEMS Conference 

innovations. Japan has produced only 12 Nobel Prize winners (US 271) over 1901-2002 (Japan 2003). The decline 
of the younger population threatens its potential to create knowledge. Although Japan's undergraduate engineering 
enrollment is four times the US, its science enrollment is insignificant (Arima, 2003). Also, competition from China 
cannot be ignored ranking fifth in the world in doctoral S&Edegrees (NSF, 2002). Yet, Japan has one of the highest 
R&D spending as a share of GDP (3%) among industrial countries. Science and technology education is crucial to 
the economic revival of Japan. What are the challenges facing Japan's higher education in the light of the outlined 
characteristics? · 

HIGHER EDUCATION CHALLENGES 
The higher education system needs to adjust to the changing conditions facing the country as outlined in section two 

. of this paper. In the high growth era, the higher education agents were the family unit and youth, the State, and the 
employers who hire the university output. As such, the higher education institutions served the supportive role of 
employment agencies for screening and allocating students to the job market. The differing circumstances of the 
1990s have, however, added new perspectives (d~mographic, economic, and global) that impact the sustainability of 
the system and necessitate the redefinition of the role of higher education in society as the primary locomotive of 
change._ Although youth/family and State remai~ critical inputs into the system through financial support and 
educational poliGy, the needs of the employers, a the receiving end, are being reshaped by Japan's changing 

. environment generating a more interactive higher education system. The outcome requires a different breed of 
~versity graduates (Doyon, 2001 ). 

I 
To achieve this goal, higher education institutions ,face two important challenges: improving quality and increasing 
diversity or internationalization. The first challenge is an internal one and, although common to all universities, is 
of particular significance to Japan with its weak higher education link. Instead, it needs to respond to the changing 
corporate governance and to produce highly qualified graduates to support a knowledge-based economy. In essence, 
the calls for deregulation and liberalization are also extended to the universities (Murasawa, 2002). The need to 
overcome the 'university crisis' is clear to all parties affected (Ikuo, 2003). In this context, reform plans have been 
developed to consolidate institutions· and promote their autonomy (Independent Administrative Institution System or 
Ws) (Murasawa, 2002). External evaluation should be applied to assess program and faculty weaknesses and 
provide a corrective plan of action. The tenure process should be adopted. In addition, they should be enc·ouraged 
to recruit more female instructors. Currently, female represent only 14 percent of the total faculty and are 

· marginalized in university govemance. Their effective participation would lead to increased women's enrollment. 

The second challenge is an external one and ties with the Japanese insular mentality that remains at odds with 
globalization. Internationalization (Kokusaika) is defined as openness to any country and ethnic group (Hori, 
2002). Japanese student exchange programs mirror the country's unbalanced export and import patterns. Japan, 
although one of the largest sender of overseas students (76,464), accepts fewer international student relative to other 
industrial countries. In 1983, the government set a target to achieve 100,000 students by year 2000 under the 
Nakasone Plan (NSF Tokyo, 2003). After years of slow expansion, the number of international students passed the 
mark, in May 2003 (figure 3). Japan has a long way to achieve the US level of nearly 600,000 students in 2002. It 
is interesting to note that Japan's educational system is not open to ethnic minorities in the country and directly 
contradicts the plan to increase the number of international students (Hori, 2002). Openness to foreign students will, 
like imports and inward foreign investment, change through competitive pressures, Japan's inefficient sectors. 

The large µiajority of the foreign students (71%) attend private schools with about half as undergraduates and twenty 
percent as graduates (NSF Tokyo, 2003). In the US the proportion of international graduate students is 50 percent. 
The dominance of Asian students (93%) attests to the importance of Japan to the region. It is interesting to note that 
foreign students favor fields such as social sciences (33%) and human literature (25%) with engineering's share at 
only 13 percent (NSF Tokyo, 2003). This is in direct contrast with the US popular fields in business (20%) and 
engineering ( 17% ). ' 

Finally, Japan can no longer afford to ignore its higher education system. The country's changing environment 
flagged its weaknesses. In addition to instructional, administrative, and governance reforms, universities need to 
promote collaboration with industry, educational exchanges with the US and other industrial co~tries, and 
internationalization of curricula, faculty and students. The State should commit to safeguard the country's human 
capital by formulating specific human resource goals (HRG) to be closely monitored through a set of indicators over 
a given time frame. In conclusion, Japan did it before and can do it again. 
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Table 1. Statistical Profile: Japan and the US 

Japan 

Population (m) 
Foreign Population(%) 
Fertility Rate 
Per Capita Income (PPP$) 
HDI 
Personal Computers/I 000 people 
Scientific Journal Articles Published 

127 
1.4 
1.3 

25,550 
0.932 
349 

47,826 

Sources: World Bank, World Development Indicators, 2003. 
UNDP, Human Development Report, 2003. 

us 

285 
12 
2.1 

34,280 
0.937 
625 

163,926 

Figure 1. Population 20-24 years old: Japan and the US 
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Figure 2. Unemployment Rate: Japan and the US 
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Figure 3. International Students in Japan 
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USING ERP AS AN INTEGRATING TOOL IN A BUSINESS SCHOOL CURRICULUM 

Ralph E. Janaro and Michael R. W. Bommer 
Clarkson University 

ABSTRACT 
In the fall of 2000, the school of business faculty at Clarkson University decided to restructure the curriculum by 
moving away from traditional business school programs and creating multidisciplinary majors. Further, the faculty 
identified three core courses that were required of all business school students as candidates for some degree of 
integration. ERP, using SAP, was chosen as the integrating tool in these core courses. In this paper we describe the 
structure of the multidisciplinary majors and the integrated core courses. We then focus on the SAP content in the 
core courses, with particular attention to the project used in the Operations/Production Management course. It is 
our contention that the new curriculum, while a work in process, provides our students with a multidisciplinary 
background that will allow them to view a business as a system, rather than as a loosely structured set of functional 
areas, apd better prepare them for a career in business. 

INTRODUCTION 
Working in concert with the business school (CUSB) advisory council, alumni, and company recruiters, the faculty 
decided to moved away from their traditional majors (marketing, finance, accounting, operations management, etc.) 
and create multi-disciplinary majors (Bommer and Janaro, 2003). The process of creating the majors began in the 
2000 fall semester. The end result was four majors: B.S. in E-Business, B.S. in Financial Information and Analysis, 
B.S. in Information Systems and Business Processes, and 13.S. in Business and Technology Management. These 
were approved by the state of New York at the· end of the 2001 fall semester and students began enrolling ·in them at 
the start of the 2002 spring semester. 

The faculty also wanted to integrate some of the core courses by using a common thread. ERP, using SAP, was 
chosen as the common thread in three of the core courses: Introduction to Marketing (MKT), Human Resource 
Management (HRM), and Operations/Production Management (OPM). These courses were chosen because of the 
applicability to SAP. 

In this paper we describe the general structure of the multidisciplinary majors, the use of SAP in the MKT and HRM 
courses, and the case study used in conjunction with SAP in the OPM course. We begin with the description of the 
majors and provide an illustration of the course requirements for one of them. Then, we discuss the nature of the 
SAP and general computing training given to the students to prepare them for their courses. The SAP 
implementation projects for the MKT and HRM courses are then described. Lastly, we describe the case study that 
was developed for the OPM course, and discuss its use. 

GENERAL STRUCTURE OF THE MAJORS 
To put the curriculum in perspective, it is helpfu~ to understand the general structure of the CUSB majors. All 
students take thirty-seven hours of university level required courses. The SAP computer course fulfills three hours 
of that requirement. All students also take thirty-nine hours of CUSB required (core) courses. The capstone course 
in policy and strategy is included here. Students then take their major required courses. The number of credit hours 
varies from twenty-four to thirty-three, depending on the major. The remainder of the 121 hours (students receive 
one credit hour for passing a computer literacy test) consists of electives chosen by the students in consultation with 
their advisor. As an illustration, Figure 1 shows the breakdown of courses and credit hours for the Supply Chain 
Management Concentration in the B.S. in E-Business major. The multidisciplinary nature of the major can be seen 
in the courses listed as major electives in Figure 1. This concentration requires courses from the operations 
management, information systems, marketing, and,economics areas in addition to the CUSW general business 
requirements. 

SAP TRAINING 
In order to prepare students for the SAP component, it was decided to rewrite the introductory COJllputer course to 
focus on SAP. The accounting module of SAP was chosen to demonstrate how the system operates. This meant 
moving the computer course from the freshman year to the sophomore year and requiring the students to take the 
introductory accounting course as a prerequisite. 
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Figure 1 Requirements for Supply Chain Management. 

University Credit CUSB Credit Major Credit Elective Credit 
Requirements Hours · Requirements Hours Requirements Hours Courses Hours 

· Humanities & Entrepreneurship 3 Database Concepts 3 Selected 18 
Social Science · 18 Team Building 3 E-Business & IS 3 by each 

Computer Economics 6 SC Systems 3 student 
Fundamentals 1 Accounting 3 Modeling individually 

SAP Tools 3 Law & Society 3 Negotiations 3 
Engineering 3 Econometrics 3 SC Environmental 3 
Math 3 Corporate Finance 3 Management 
Math/Statistics 3 Ops/Prod Mgt 3 Quality Systems 3 
Science 6 Org Behavior 3 Management 

· Marketing 3 SC Channels 3 
HR Management 3 Game Theory 3 ~--
Policy & Strategy , 3 Professional Ele.ctive 3 

Total 37 -Total 39 Total 27 Total 18 

To make sure that stud.ents entering the business ~chool had sufficient computer skills to meet the requirements of 
their classes and the SAP course, they were requi~ed to pass a one-credit module during their freshman year. To 

. receive credit for the module, all incoming students were tested on their ability to use MS Office (Word, Excel, and 
PowerPoint). Those who failed the test were giveµ remedial work and retested until they demonstrated proficiency. 

THE INTEGRATED CORE 
The integrated core consists of the MKT, HRM and 0PM. Below, we present an overview of how SAP is used in 
these core courses. In the following section the case study that is being used ( and further developed) for the _ SAP 
application in the OPM course is described. 

HRM 
There are three exercises used in the HRM course to help teach students how SAP is used to help human resource 
managers make decisions. The first exercise is a scavenger hunt designed to have students collect various materials 
from different industries related to huinan resource issues such as job applications, job advertisements, company 
training programs, student employment programs, working abroad, etc. Most of the scavenger hunt requires 
students to use outside sources, only a small portion of this assignment utilizes SAP 

The second exercise focuses on concepts related to job analysis, job descriptions and job qualifications. It 
culminates with students creating three job positions in a bicycle company that is part of the SAP database. The 
third exercise is used to help students become more familiar with reporting functions of SAP and to use data from 
SAP to·make HR decisions consistent with the "business partner" role of HR. In this exercise, students obtain data 
on various HR processes ( e.g., recruitment, performance evaluation), evaluate the data, and make recommendations. 
The data are accessed from the bicycle company database included in SAP. · 

MKT 
The marketing course endeavors _to provide students with a conceptual understanding of ERP and the roll it plays in 
integrating marketing with the other functional areas of the business. The sales cycle is used to apply SAP. 
Students are required to complete eight exercises designed to bring the sales cycle to life. These exercises deal with 
tracking an order for baseballs from providing a_ quotation for the order through to receiving payment for the order. 
The activities performeaby the students in SAP include: 

1. creating a customer quotation, 
2. creating a sales order referencing the quotation, 
3. checking -the stock status, 
4. creating the delivery for the sales order, 
5. picking materials for delivery, 
6. posting a goods issue to indicate a change in ownership, 
7. billing the customer, and 
8. receiving payment for the order. 
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These exercises form the basis of understanding ERP's ability to track customers, inventory and accounts receivable. 
This also shows marketing's interaction with materials management and accounting in the process of fulfilling a 
sales order. 

OPM 
This course currently uses an SAP exercise that is designed to illustrate make-to-order manufacturing. Specifically, 
it uses what is referred to in SAP as Strat~gy 82, or assembly processing. In this strategy, orders are placed for 
customized products that are assembled from finished parts already stored in inventory. The SAP exercise requires 
students to create files for the end product and each of the parts required to build it. After creating the bill of 
materials (BOM) and a master production schedule, they execute the BOM. They are also required to explode the 
BOM by hand. Finally, they answer questions regarding their results (hand calculations versus SAP results). 

The case summary that follows describes a kitchen cabinet manufacturing company that uses a push-pull system. 
Finished parts for cabinets are produced in batch~s and stored in inventory. This is the push or make-to-stock part of 
manufacturing. As customer orders are received, the appropriate parts are pulled from inventory, assembled, 
finished and shipped. This is the pull, or make-t~ order part of manufacturing. Upon completion of the exercise, 
students should have an appreciation for the acti ities required to turn a_ customer order into a finished product, as 
well as an understanding of how this is handled · an ERP system. 

NORTH COUNTRY CABINETS CORP. - A CASE STUDY USING SAP 
A case study has been developed (actually, it's a work in process) to use in the OPM course. The company, North 
Country Cabinets Corp. (NCCC), is a manufacturer of kitchen cabinets that serves local builders and home centers, 
as well as a chain of building -supply stores. NCCC manufactures five lines of wall and base cabinets for kitchens. 
At this time, the case focuses only on the wall ·unit for their Country Kitchen line of cabinets. The plans for the 
Country Kitchen Cabinets come from the PBS series The New Yankee Workshop, which has given the authors 
permission to use them as well as the accompanying video for this case· and course. 

The case describes the product, manufacturing processes, plant layout and production strategies. There are five 
departments involved in production: milling, routing, sanding, assembly and finishing. Components for the 
·cabinets (sides, top, bottom, shelves, etc.), the face frame for the cabinets and the doorframes are manufactured and 

· then stored in parts inventory. This part. of the operation follows a make-to-stock (MTS) strategy. When an order 
comes in for cabinets, the parts are pulled from inventory, assembled, finished (sanded, primed and painted), and 
sent to the packaging and shipping department. In packaging and shipping they are placed in protective cardboard 
boxes, labeled and shipped. This part of the operation follows a make-to-order (MTO) strategy. A routing diagram 
for the wall cabinets is shown in Figure 2. 

In addition to a description of the various departments, their work centers (equipment), and the routing, the case 
provides a complete raw material list and bill of materials for the cabinets. Further, setup times and run times are 
given_for each work center based on a lot size of25 cabinets for the MTS portion of the operation. 

All of these data reside in a SAP database that is used in conjunction with an exercise that has been developed, and 
will be fine-tuned in the future. This exercise, and future exercises, will focus on various aspects of production 
management from inventory management to MRP to IlT. It also forms·the platform on which other products in the 
cabinet line can be created in the database and used for more extensive projects. It is hoped that in the future, the 
database can be expanded such that it is shared by the other two integrated core courses. 
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Figure 2 Wall Cabinet Routing Diagram. 
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DISCUSSION 
Implementing the new majors and the integrated core has been a major undertaking for the faculty and staff. While 
the resulting programs appear to be more in line with industry needs, the process has not been without challenges. 

The new majors required a radical revision of various promotional materials. For example the university catalog, 
student recruiting materials, advising handbook and advising forms all had to be completely rewritten. In addition, 
the new majors required approval at a number oflevels in the university, as well as by the NYS Education 
Department. · 
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Implementation has also required educating a number of stakeholders. For example, admissions personnel had to be 
educated so that they could "sell" the programs at various high schools. We should note that we are encountering 
some adverse reaction from high school students and counselors who do not understand interdisciplinary business 
majors. They are used to searching for the more traditional majors of marketing, accounting, human resources, 
finance, etc. 

Since faculty at Clarkson perform both car_eer and course advising for students, they all had to learn the requirements 
of the new programs and where graduates might look for employment. Placement personnel also were brought into 
the loop so they could talk to perspective industry recruiters about the various programs. Since we are just 
beginning to graduate students with these majors, we are still not sure as to their success. 

Finally, current students who came in under the old majors were given the opportunity to switch to the new majors. 
This required a number of meetings to explain the new majors and their requirements to them. It also meant that 
faculty had to spend additional time restructuring their advisees' course schedules. 

The integrated core requires that the faculty teaching the foundation courses in marketing, operations management 
and human resource management become proficient with SAP R/3. These faculty members are also tasked with 

· developing learning modules on SAP for these courses as well as appropriate cases and exercises. This has placed a 
huge demand on the valuable time of faculty. This type of commitment is highlighted by the case that we have 
developed and presented here. 

In order to prepare to teach the integrated core, faculty had. to learn the SAP system. To facilitate learning, a 
consultant was brought in to teach a 2-day module to acquaint the faculty with SAP. This required faculty time as 
well as an additional financial commitment on.the part of the business school. 

According to Murphy's Law, anything that can go wrong will go wrong! During the preparation of the database for 
the case study, many hurdles were encountered. Not all of them were successfully cleared! Exercises that were 
borrowed 1 and modified were used for the initial SAP application in the core courses. This situation will change in 
~e near future as we are finally clearing the last one or two hurdles. · 

· In retrospect, and from a resource.point of view, it might have been more efficient to offer a single advanced course 
for students that is dedicated to applying SAP to the marketing, operations management, human resource 
management areas. Of course doing so would have reduced the number of electives in each student's program. On 
the other hand, it might have been difficult to find a doctoral-qualified individual who is proficient in these diverse 
areas and willing to learn SAP in order to teach such a course. The most important point is that we have pursued 
this endeavor under the guiding hand of continuous improvement and fully realize that change is the status quo. 

The development of these new majors and the inclusion and integration of SAP across the curricula have required a 
significant investment of faculty resources. The next step in our process is to perform an evaluation of the merit of 
these new initiatives to determine if this investment was worthwhile. There are two target markets which we hope 
to assess. One is to determine if these new initiatives are deemed "student winners" by members of the prospective 
student pool in electing to enroll in the CUSB. That is to say, were they significant or critical to a prospective 
student in deciding to choose CUSB rather than another academic institution? The other is to assess the value added 
by these new initiatives with regard to student placement. In this case we propose to query industry recruiters to 
solicit their assessment as to the value added by these initiatives for our new graduates. We believe both of these 
can be accomplished by the development and application of appropriate survey instruments. 
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ENHANCING ORGANIZATION AND EMPLOYEE PRODUCTIVITY: 
AN INDUSTRY EXPERIENCE IN LEADERSHIP TRAINING AND DEVELOPMENT 

L.B. Mapa and R. Ocon, Purdue University . 
Jane Sullivan, Hadady Corporation · 

ABSTRACT 
Establishing partnerships with industry and univers_ities has been encouraged by industrialists and academics alike. 
One example of such a collaborative effort was undertaken by the Hadady Corporation and the METS Department 
of Purdue University Calumet, both located in Northwest Indiana. This paper discusses the leadership training 
program which was developed to deliver "best practices" to enhance the productivity and growth of small to 
medium size companies. · 

INTRODUCTION 
For almost a century, the United States has been increasing productivity at an average of 2.5% per year. However, 
since the 1970s the productivity has averaged less than 1 % per year [ 1] with very few exceptions in certain 
manufacturing sectors. Productivity is a significa1't issue in every economic discussion.related to manufacturing with 
numerous factors being stated as affecting produdivity; methods, quality, technology, capital and management. A 
manufacturing organization can take a number of t ey steps towards improving productivity: 

• Developing productivity measures i 
• Identifying critical operations 
• New methods · 
• Measurement of improvements 
• Organizing teams and resolving conflicts 
• Safety issues 

A collaborative effort was initiated by several faculty members in the Manufacturing Engineering Technologies and 
Supervision (METS) department of Purdue University Calumet (PUC) with a local manufacturing organization, 
Hadady Corporation located in Dyer, Indiana and South Holland, Illinois. PUC is one of the regional campuses of 
the world renowned Purdue University System located in Northwest Indiana with close proximity to Chicago. PUC 
subscribes to the university-wide principles of serving a culturally and diverse citizenry engaging in outreach 
activities with local businesses and industries ranging from specialized training to professional assistance from 
faculty, staff and students. Hadady Corporation which celebrated their 30th anniversary in 2003, is a manufacturer 
of exhaust manifolds for marine diesel engines, diesel engine accessories and locomotive replacement parts. Hadady 
Corp. advertises its strengths as specialists in 'problem solving anq the translation of ideas into practical products 
that increase quality and improve performance and are delivered on-time with the best overall value' [2]. The 
corporation is QS 9000 certified which is a measuring stick on quality management and quality assurance. 

TRAINING PROGRAM 
The training program described in this paper was designed and developed to address the productivity issues with a 
focus on developing leadership amongst the supervisors and managers. The content was delivered over a 20 week 
period, two hour sessions with attendance limited to 15 persons to increase interaction amongst participants and the 
-instructor. The objective is to provide new skills and fresh insight into becoming the very best Hadady can be. The 
goals of the enhancement progr_am are: · 

TABLE f Management and Supervision Training Modules 
Module ·. Focus 

1. Leadership Develop leadership skills 
2. Teambuilding Dynamic teambuilding 
3. Motivat10n Motivation techniques 
4. Time Time management 
5. Stress Stress management 
6. Communication Communication skills 
7. Discipline Discipline administration 
8. Diversity Multiculturalism 
9. Law Legal compliance 
10. Safety Working environment 
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Supervisors are constantly dealing with a changing work environment that requires them to be able to recognize the 
intricacies of situations and adjust their leadership style accordingly [3a]. In addition to dealing with routine and 
novel job situations, leaders need to be positive influences on the behavior and performance of employees. 
Content: · 

• Transition to leader 
• Survey of leadership theories 
• Leadership styles 
• Developing leadership skills 

· Teambuilding Module 
The complex and dynamic nature of work highlights the importance of teamwork to achieve organizational goals 
[3b]. It is essential for employees, work groups and departments to cooperate and work together if the organization 
is going to be successful. Because most work in , rganizations in done in teams, employees need to develop new 
_skills and assume more responsibility for achievi g production goals. . 
Content: · 

• Imp~rtance of team training 1 
• Leading a new team versus an experienced team 
• Components ofteambuilding 

1 

• How to develop high .performance teams 

Motivation Module 
High performing organizations are those that have highly motivated and therefore, productive employees [3c ]. 
Because motivation impacts employee behavior and performance, supervisors must learn the motivation techniques 
that have been proven to be successful with today's employees. Supervisors need to become motivational 
practitioners in order to develop self motivated employees. · 
Content: 

• The supervisor as a motiyator 
• Motivational process 
• Motivation theories 
• Behavior modification 

Time Management Module 
Supervision requires that supervisors be able to handle many different responsibilities and assignments 
simultaneously. Multitasking has become an indispensable and regular part of the supervisor's job. Often, the 
difference between effective supervisors and those that are not, is how well they are able to perform and accomplish 
the variety of tasks before them. 
Content: 

• What is meant by time management 
• Advantages of long term goals 
• Overcoming procrastination 
• Short term time management strategies 

Stress Management Module 
Supervisors and employees are constantly exposed to stressful situations. Research has shown that too much stress 
can have a negative effect on performance and job satisfaction [3d]. 
Content: 

• What is stress 
• The effects of stress on behavior and performance 
• Sources of stress 
• Stress management techniques 
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Communication Module 
Most problems in organizations are associated with poor communication, either the inability or unwillingness to 
communicate. Effective supervision requires effective communication since virtually everything a supervisor does 
involves some type of communication. As a result, the average supervisor spends over 80% of his working hours 
communicating in one form or another [3e]. . 
Content: 

• Organization communication 
• How to deal with informal groups and the grapevine 
• Becoming an effective listener · 
• Understanding communicative styles 

Discipline Administration Module 
Understanding the role disciplinary action can have on employee behavior and performance, and how to effectively 
administer it is one of the most difficult roles for superv-isors to perform . . Although disciplinary~or corrective action 
has been traditionally associated with punishment, research has concluded that other essential elements are 
necessary in order to achieve positive results. 
Content: 

· • The role of the supervisor as a disciplinarian 
• . Disadvantages of negative discipline 
• Using discipline to improve behavior and performance 
• How to administer disciplinary action 

Diversity Management Module 
In the 1990s, over 85 percent of new job entrants into the American labor force were composed of women, 
minorities and immigrants [6] [7]. The global economy and the diversity of the American workforce have forced 
American employers to develop multicultural leaders to deal with a changing reality. Mulficultural leadership skills 
are essential for understanding and managing a diverse workforce. 
Content: 

• Demographics of the American workforce 
• Reducing prejudice, stereotyping and discrimination 
• Contemporary diversity issues 
• Managing diversity 

Laws Module 
In the last 30 years, the American workforce has become more diverse [6]. The diversity of the workforce has 
resulted in more complaints of harassment and discrimination being filed with governmental enforcement agencies 
and the courts [7]. Because of the complexity of many laws, supervisors need legal training in order to make these 
laws ''legal friendly." 
Content: 

• What is employment discrimination 
• Understanding federal antidiscrimination laws 
• Understanding sexual harassment 
• How to avoid complaints and lawsuits of discrimination 

Safety Module 
Workplace injuries are ~ major concern for employers, employees and governmental regulatory agencies. An 

· important role of supervisors is to monitor the workplace to prevent injuries and ensure compliance with federal and 
state safety laws 
Content: 

• History surrounding the OSHA Act 
• Understanding the rights and responsibilities of the OSHA Act 
• Steps in the safety inspection process 
• . Providing a safe and healthful workplace 
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TABLE 2 Manufacturing and Technology Training Modules 
Module Focus 

1. Statistics Thinking statistically 
2. Methods Methods/motion study 
3. Planning & scheduling Improve operations and workload allocation 
4. Accounting Budgets & capital 
5. Just-in-time Reducing waste 
6. Continuous improvement Methods, tools and implementation 
7. Plant layout Cost reduction 

RATIONALE AND CONTENT 
Statistics Module 
Use of statistical techniques in manufacturing is still considered beyond the capabilities ·of the shop floor personnel. 
Selective use of statistical techniques can be effective in problem solving and communication. 
Content: 

• Capability of the process 
• · Reliability of equipment 
• Quality of shipments 
• Statistical Process Control 

Methods Module 
Analysis of an operation so as to increase the productivity to reduce unit cost and to eliminate ineffective motions 
are addressed in this module~ · 
Content: 

• Developing operation process chart 
• Use of flow process charts . 
• -Worker-machine interaction 
• Ergonomics 

Planning and Scheduling Module 
Poor efficiency on manufacturing environments is a result of poor planning & scheduling. Basic understanding of 
forecasts, capacity utilization, master production plan and materials requirements planning (MRP) are needed to 
make certain shop floor decisions. 
Content: 

• Estimating demand 
• MRP 
• Inventory control & management 

Accounting Module 
Understanding accounting concepts for those who are not in the financial area is a necessary training objective. 
Established procedures in progress measurement are still based on the budget considerations. 
Content: 

• Budget control & responsibility centers 
• Reading a budget 
• Product costing 
• Economic analysis 

Just-in-Time Module (JIT) 
Use of IlT on the shop floor requires little use of computers and allows more control at 'local' leyel for solving 
ownership issues. It affects areas such as quality, continuous improvement and cost issues. 
Content: 

• Elements of JIT 
• Reducing set-up time .& lot size 
• IlT and maintenance 
• Measuring performance 
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Continuous Improvement 
Every organization constantiy needs to seek ways for continuous improvement to regain and maintain a competitive 
edge. Emphasis is placed on improving of all factors related to the conversion of inputs into outputs on a continual 
basis: 
Content: 

• Continuous improvement tools 
• Reducing waste 
• Defect reduction 
• Ideas for improvement 

Plant Layout 
A good manufacturing plant layout can streamline materials handling and correct operational difficulties. Moreover , · 
there are layout implications anytime a product is introduced or changed 
Content: 

• Identifying a poor layout 
• Material flow· analysis 
• Relationship diagrams 
• Introducing layout changes to reduce costs 

CONCLUSION 
The 'best practices approach' to providing supervisory training has been successfully used in academia and industry. 
It is effective because it uses the modem learning method of being learner focused and allows flexibility in 
presenting complex management and technology principles. Also, it provides the leadership skills necessary for 
effective supervision. 
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CREATING SECURE EVERY-EXAM-DIFFERENT QUANTITATIVE EXAMS 

Kenneth Morrison and Charles W. White 
Kettering University 

ABSTRACT 
In the one-room school schoolhouse environment (which is easily extended to most universities today), it is easy to 
give exams, if you don't use computers for the exams. You give each student the same exam, and then police them 
to keep them from copying answers from other students. The paper discusses the details of various approaches to 
honest assessment of quantitative courses where the exams are on computers with email enabled. 
Caution: This paper is written from the Professor's point of view. Non-Professors can proceed at their own 
risk. 

Generally, the typical university Professor gains greatly by using computers to prepare exams. A large percentage 
of textbooks provide test banks of questions for the textbook. The questions can be randomly selected, every exam 
might be different, and the exam is often graded automatically. If you are giving non-quantitative exams, or else the 
test bank is good enough for your use, then this paper will not be of much interest to you- until the day you give a 
quantitative exam covering material not in the test bank. A further advantage of the test bank exam is that each 
exam will be graded automatically. 

There is of course the risk that a student can complain that his/her exam had all the tough questions. 
Suppose a quantitative exam with 10 questions is to be given to 20 students, and the Professor is using BlackBoard 
to give the exam. BlackBoa;d accommodates 2 tactics readily, namely · 

• Several versions of each question, and 
• Random ordering of the questions. 

To create 3 versions of each questio·n, the Professor would likely use Microsoft Word or an equivalent, and create 30 
questions in BlackBoard, where each. question has the question and possible answers, with the correct answer 
identified. Then each of the 20 exams would be individually prepared by choosing the 10 questions from the pool of 

· 30 questions. 

Measured in Professor Time, this would be a day's work in preparation. However, that day might range from 3 to 
10 hours. The work is tedious, but each exam would be unique. The Professor would say to himself/herself that 
though the work is tedious, he/she can rest assured that the result is an honest assessment of student knowledge. 
Now the exam is given, where the students have access to email. Using email, the students can figure out which 
students have which version of each question, and decoding the randomizing of the 10 questions is ·no particular 
challenge. 

The Professor is not assessing knowledge, but the student's use of technology and guile. 
So that question is this: 

• How can a Professor prepare a 10 unique quantitative question exam with a preparation time of 
less than 6 hours such that the students' advantage of email is negated? 

This paper presents an answer to this question, where "better" means 
• Reduction of Professor exam preparation time 
• Better assessment of student knowledge, and 
• Reduction of Professor grading time. 

To explain this U;topian optimum solution, a quick explanation of an intermediate exam system is useful. 
The challenge then is that the system to prepare unique quantitative exams should fulfill the following requirements: 

1) Every exam should have different numerical values. ; 
2) Exam preparation time should not be excessive. 
3) Exam correction time should not be excessive. 
4) There should be a direct correlation between homework assignments and the exam. 
5) Students should be encouraged to create EXCEL programs to prepare for the exam, ahd 

coincidently-use the same programs to solve the homework problems. 
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Furthermore, as a convenience 
6) Answers to the exam questions should be available to the students very soon after the answer is 

given. 
The explanation of the interim paper-based EXCEL exam system is taken from _the area of Production and 
Operations Management. 

Suppose we are trying to assess the students' understanding of calculating the takt time for a given situation. The 
calculation is: 
Minutes/part = A/B 
Where A is the time to make the parts and B is the number of parts to be made. 
So A = (Minutes per_ shift - minutes relief) * efficiency 

B = production required per shift 
So the traditional procedure to assess the student's understanding of this concept would be to 
Assign values such as ~-· 

Minutes per shift= 480 (i.e., 8 hours of 60 minutes each) 
Relief per shift = 20 minutes 
Efficiency of operation = 80% 
Required production per shift= 5000 

The calculation is 
Takt time= ((480- 20) * 0.8) / 5000 = 0.0736 minutes. 

Conceptual breakthrough number 1: 
• Microsoft Work is good for English Literature, but EXCEL is used for numerical calculations. 

An EXCEL-based paper exam system was developed during a couple terms of teaching this subject. With this 
system, each exam question is created from randomly generated values. By way of comparison to the easy way to 
assess the students on his/her understanding of this c()ncept, Figure 1 shows the question that the student would see 
if the problem used the values used on page 1 of this paper. 
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Figure 1. Traditional Exam Question 

Using email, if every student got a copy of this question, almost all the students would know the·answer to this 
question (the exception to this would be an independent-thinking student, not privy to the "system", who is on 
his/her own, at peril) within 5 minutes. 

On the other hand, the EXCEL-based paper system created an exam question based on the same question as 
presented to the student in the form of Figure 2. 
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Figure 2. Randomly Selected Exam Question 

This question is a page that the student sees and is created by a second page of the EXCEL sheet. Figure 3 shows 
the page that randomly created the numbers for the question shown in Figure 2. It also shows the answer to the 
question. 

.,,, ... •ww,\•·' ,· ··, ·· ,. ..... ,.,.;; ' . _,. .. , ;{.: ... ..; ............ :r:c,. ·.···,--:-1:·· 
>o• .. > "~; .,_..· ........... ;; RtutdomNo: i.. . £8~:· ..... -----'---

., ,.,. ¾'.,:,. · ,: ,{.,.. ,,, : ii:~~14:d + . ,.,. l i~- : 
'•" 'Y.,AY .. •'t' ,, _, •-,. l• ·•, .,• , .. ·~ •_,,~·•v ,,. •• .,,., ··-•1~~~-')j.Ji~:,v~•~7•v "'• ·:• .. ,.,_54:v • .,. .,, • • ~-• 

: .. ~. ••· --~- ···•···· ~:. ~-~-: .. E ... , ·• •c-:;;;J~~:I~:~ ..... ,o.L 
. ... . . .. .. . . . -·· . '. .. . .. . ...... ...., ..... ,,.. __ ,....., ""''•-··:: ....... ,,-,,:.• .. ,. ;T~tH.ni.k.) ... P.:~ '. r.tl~-ptfr'.~it . . . . ~-

Figure 3. Random Numbers and Answer for Exam Question 

This leads to 
Conceptual breakthrough number 2: 

Like successful lawyers, the question is not developed until the answer is known. Figure 3 shows the 
calculations that lead to the question shown in Figure 2. 

The EXCEL-based paper system also had some other objectives, namely 
• Each exam has problems printed, with separate cover sheets, demonstrating individualism and uniqueness, 

since every exam has all unique questions 
• A copy of the problem answers is given to each student as he/she leaves the exam room 
• The exam is graded quickly, but not automatically by computer, demonstrating Professor personal 

commitment. 
Suppose we use this system to prepare a 3 question exam. Figure 4 shows how the 2 sheets for each question 
provides a sheet each for the question (i.e., the sheet given to the student) and for the answer (i.e., the document 
given to the student at the conclusion of the exam). 
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Q3 A3 

Q2 A2 

Q1 A1 
__; 

-

Figure 4. The question and answer sheets for the 3 questions 

Figure 5 shows how the 6 pages are separated into 2 stacks, where the first stack is the e?{-am document, and the 
second stack is the answers document. This could in fact finish the exam creation procedure, save for the "Archive 
document". 

Q3- Q3 A3 A3 
, .... 

Q2 Q2 A2 A2 
~ ... 

Q1 - Q1 A1 - A1 -
- - -

~ ~ 

Exam 3 Proble·ms Answers 
Figure S. Creating the Exam Answer and Question Documents 

The Archive document is insurance that there is a record of the exam after the corrected exams have been returned 
to the students. For each student's exam, the question, the question, and the answer are given. Figure 6 shows the 
distribution of 2 copies of each exam into a) student's exam, b) answers document, and c) archives document. 
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A3 
Q3 

Q2 
3 

Q1 

Exam 

Archives 

Q1 A1 
A3 

A2 
3 .Problems ·A1 

Answers 
Figure 6. Distribution of Duplicate Copies 

Note: Current thinking is that' the Archive copy will disappear. 
The paper EXCEL version of the exams works like this. The text of the problem appears in text boxes with blank 
spaces for numbers. Random numbers are used to generate numeric values for the inserted numbers. 

The easiest use of the random values is a pure number from a range of values (i.e., from 100 to 150 as =110 
+INT(RAND()*50), 300 to 370 as =300+INT(RAND()*70), or 1000 to 1400 as =1000+INT(RAND()*400)). 
Actually, when using EXCEL to generate exam questions, exam generation is fun, due to decisions made to make 
the values not exceed a randomly selected total. The key to the preparation is the use ofIF statements in EXCEL. 
Additionally, the EXCEL Solver can solve an impressive number of problems. Another paper presented at this 
conference uses the EXCEL Solver for solution of supply chain management problems. In perspective, several 
parameters for a transportation problem, transshipment problem, data problem involving curves or barcharts, etc. 
can be created using EXCEL, and the answers piped through pages to the Professor's question/answer sheet and, oh 
yes, the question for the student, with a known answer available to the Professor for the exam. 

The bane of randomly-created questions has been the range of possible answers when using multiple-choice 
answers. Either the range of answers is so large as to preclude assessment, or else the answers must be individually 
tailored to the question, making exam preparation tedious. A much better solution is to have the answer returned as 
an essay or short answer. This leads to the third ~onceptual breakthrough. 1 

Conceptual breakthrough number 3: 
Essay and short answers to quantitative questions permits a student to enter his/her answer, together with a 
brief explanation of assumptions and calculations. When the problem answer is automatically returned to 
the student at the conclusion of the exam, the correct answer, with rationale, is returned to the student. 

BlackBoard permits JPEG or GIF additions to exam questions and answers. This sometimes leads to using . 
PowerPoint as an intermediate step to preparing the exam, using the "Save As" capability. Again, this makes exam 
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preparation tedious and slower. A better solution (not yet attempted) is to use Object Linking and Embedding (i.e. , 
OLE) to pipe questions and answers randomly created from Excel to PowerPoint, automatically into the BlackBoard 
question and answer. 

In summary, the use of Excel to randomly create exams very much improves the preparation of quantitative exams. 
This paper is one start at developing the useful techniq~es, which will soon be available as an on-line document. 
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MANAGING DIVERSITY AND THE LAW: 
DIVERSITY TRAINING REQUIRES TRAINING IN HUMAN RESOURCE LAWS 

R. Ocon 
Purdue University Calumet 

ABSTRACT 
The global economy and employee diversity have emphasized the need for education and training in the 
management of diversity, This paper identifies the need for management students and supervisors in industry to have 
an awareness and basic understanding of the pertinent laws related to the management of a diverse workforce. 

RATIONAL FOR LEGAL TRAINING 
The legal liability associated with managing employees has grown in recent years, not only because there is more 
diversity in the workforce, but because there are more laws and regulations 
governing the employment relationship. Table I lists the percentages of diversity in the labor force. 

TABLEI 

U.S. Labor Force 

1995 2005 2020 

Whites, Non 76% 73% 68% 
Hispanic 

Women 46% 48% 50% 

Hispanic 9% 11% 14% 

African 11% 11% 11% 
American 

Asian 4% 5% 6% 
American 

Source: Workforce 2020, Hudson Institute 

The increased diversity of the American workforce and the laws and regulations affecting employer and employee 
relationships have influenced the way organizations manage their human resources. Based on my research and 
experience as a teacher, Affirmative Action Officer, and industry consultant and trainer, I have identified what I 
believe to be the principal legal training students and supervisors need to effectively manage a diverse workforce. 
The type of legal training identified in this paper should be an essential component of every diversity management 
course arid industry training program. 

CUSTOMER ORIENTED APPROACH 
Today, academia must take a customer oriented approach to ensure that students receive the appropriate legal 
training to effectively manage diversity. Not only does a customer oriented approach require that the appropriate 
legal training be provided, but the training should also be "legal friendly," so that legal concepts _are understood, 
remembered and applied. Although legal compliance is playing an increasing role in the management of human 
resources, [2] many academic programs have been slow to utilize a customer oriented approach in diversity legal 
training. 

For years, the Organizational Leadership and Supervision (OLS) program, at Purdue University Calumet, has been 
employing a customer oriented approach in its curriculum. The OLS program is one of the oldest and most 
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respected academic programs at Purdue University Calumet, located in Hammond, Indiana. One example of the 
customer oriented approach is Personnel Law, OLS 468, which is providing students with the appropriate legal 
training to manage a diverse workforce. OLS 468 was developed as a proactive initiative for diversity management. 

ORIGIN OF THE DIVERSITY LAW COURSE 
Based on my experience, the legal training and education received by most students and supervisors for managing a 
diverse workforce has either been overlooked or not adequately covered in most supervisory training programs, 
business law courses and therefore, most management curriculum. · 

The need for training in diversity law became . 
vividly apparent to me while I was the Affirmative Action Officer for the university. As the university Affirmative Action 
Officer, I investigate·d over one hundred complaints involving various allegations of harassment and discrimination filt;~ 
with my office. Over time, I began identifying recurring legal issues and determined that the majority of complaints, at 
least 90%, could have been avoided had the supervisor in charge had some training and unders 'anding of diversity law. 

Therefore, I began om~ring training workshops on diversity law for the university to create awareness and 
understanding of the legal issues and the consequences involved when dealing with div~rsity. Examples of these 
workshops include: 

• Preventing harassment and discrimination 
• Recruiting for diversity 
• Understanding affirmative action and equal employment opportunity 

As a consultant and trainer for industry, I trained thousands of employees in diversity law. These workshops 
emphasized the laws discussed in this paper. Table II lists some of the local companies and organizations that 
received training in diversity law. 

TABLE II 

Selected companies receiving training in diversity law, 1990-2002. 

Hadady Corporation, Dyer, IN 
Majestic Star Casino, Gary, IN 

Ispat Inland, Inc., East Chicago, IN 
Methodist Hospital, Gary, IN 

Dawn Foods Corporation, Crown Point, IN 
Keymarkets, Hammond, IN 

White Lodging Services Corporation, Merrillville, IN 
Lever Bros. Corporation, Hammond, IN 

Bullen MidW est Corporation, Chicago, IL 
Meade Industrial Company, Hammond, iN 
Inland Steel Company, East Chicago, IN 

· Hammond Clinic, Munster, IN 
Hammond School System, Hammond, IN 
AmeriContainer Company, Hammond, IN 

Crown Point Community Library, Crown Point, IN 

THE THREE PRINCIPAL LAWS THAT GOVERN DIVERSITY 
There are legal components and consequences associated with virtually every employment decision, especially when 
diversity related concerns or issues are involved. Therefore, understanding the relevant laws that govern the 
employment relationship is critical for effectively managing a diverse workforce. Managing diversity can be 
particularly difficult when management decisions or actions involve employees who are members of protected 
groups. 
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Protected groups refer to employees who possess certain characteristics or traits that the law has determined should 
be given a protected legal status. At the federal level, these legally protected characteristics or traits are gender, 
race, color, national origin, religion, age and disability. · 
Greater care must be taken when dealing with employees who belong to these protected groups because a specific 
set of employment laws, the antidiscrimination laws, create the potential for additional liability if complaints and 
lawsuits ofdiscrimination are filed. Table III lists monetary awards and complaints filed with the EEOC. 

TABLE III 

Number of complaints and money awarded to victims of discrimination in 1993 & 2003. 

For Fiscal Year 2003: 
Employers paid the EEOC $385 million in awards for victims of discrimination 

81,293 total charges filed with the EEOC 

For Fiscal Year 1993: 
Employers paid the EEOC $161 Million in awards of discrimination 

88,000 total charges filed with the EEOC 

Source: Equal Employment Opportunity Commission 

Diversity law refers to the fo~lowing three principal federal antidiscrimination laws: 

1. Title VII of the 1964 Civil Rights Act (Title VII), prohibits employment discrimination based on race, color, 
religion, national origin and gender. [la] . 

2. Age Discrimination in Employment Act of 1967 (ADEA), prohibits employment discrimination based on age 
when applicants or employees are 40"years old and over. [lb] · 

3. Americans with Disabilities Act of 1990 (ADA), prohibits employment discrimination against qualified applicants 
or employees with protected disabilities. [ 1 c] 

These three laws are sometimes referred to as diversity law or equal employment opportunity and are designed to 
protect women, minorities, people 40 or over in age and those who have disabilities from employment 
discrimination. Table N lists discrimination complaints in 1993 and 2003. 

TABLE IV 

Discrimination complaints in 1993 & 2003. 

Type of 
Discrimination 1993 2003 

Race 36.1% 35% 
Gender 27.2% 30.3% 
Age 22.6% 23.6% 
Disability 17.4% 19% 
National Origin 8.5% 10.4% 
Religion 1.6% 3.5% 

Source: Equal Employment Opportunity Commission 
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It is important for employers and supervisors to understand their legal re~ponsibilities and obligations imposed by 
these laws in order to recognize the legal issues and potential consequences involved when making decisions or 

. taking actions. 

TEACHING DIVERSITY LAW 
Based on my experience, students can readily understand diversity law without difficulty or confusion, rather than 
being required to learn the vast array of laws encountered in most business lij.w courses. Teaching the legal concepts 
of diversity law does not require instructors to be lawyers or possess extensive legal expertise. Both experienced 
and less experienced instructors of diversity management can effectively present the legal concepts underlying these 
laws. Explaining the purpose and history oftheselaws can promote interest and understanding. 

OLS 468 is taught with the belief that diversity law should be "legal friendly" to ensure an understanding of the 
legal concepts involved when managing diversity. The course is being successfully taught in trM~~itional live classes 
and web based distance learning courses. 

BENEFITS OF DIVERSITY LAW TRAINING 
By understanding diversity law, students and supervisors can gain enough knowledge and expertise to avoid most 
legal problems when managing diversity. For example, supervisors can avoid legal problems with the following 
diversity issues: 

Affirmative action: Because this is a controversial and emotional issue, it has the potential for misunderstanding 
and lawsuits. For those organizations that have affirmative action plans, Title VII requires that these plans follow 
specific legal requirements in order to avoid lawsuits by non-minority males for reverse discrimination. 

_ Prejudice and stereotyping: Despite the progress that has been made in educating supervisors and employees about 
the benefits of a diverse workforce, prejudice and stereotyping still exist. Understanding Title VII can motivate 
supervisors and employees to analyze and change their thinking and attitudes about diverse employees and thereby 
avoid discriminatory behavior. 

Women in the workplace: Women comprise over 47 percent of the U.S. workforce, [3] therefore employers and 
supervisors need to be aware of the legal issues related to the management of women employees. Liability resulting 
from complaints of sexual harassment and sex discrimination can be avoided if employers and supervisors have a 
general understanding of Title VII. 

Cultural values: Different cultural values create the potential for misunderstanding and complaints. Understanding 
Title VII can reduce liability resulting from complaints of race, national origin and religion discrimination. 

Language: Over 26 percent of the labor force consists of minorities and immigrants, many of who speak English as 
a second language. (3] Therefore; to avoid complaints and lawsuits based on national origin discrimination, 
employers and supervisors need to be aware of Title VII. 

Disabilities: There are over 54 [3] million people in the U.S. who have protected disabilities. To avoid liability for 
discrimination based on disabjliJies, employers and supervisors need to have an awareness·ofthe ADA. 

Hiring and promotion: Filling job vac~ncies can create the potential for complaints and lawsuit~ by both job 
applicants and current employees. Awareness of the legal requirements imposed on employer and supervisors by 
Title VII, the ADA and'the .ADEA can avoid liability when recruiting, hiring and promoting employees. 

Conflict resolution: Often, resolving workplace conflicts can be an emotional experience with the potential for 
legal consequences. Many diversity related disputes result in complaints of discrimination based on Title VII, the 
ADA and the ADEA if there is the perception that unfair treatment has occurred during the employment relationship 
or resolution process. 

Different generations: Today's workforce consists of employees from different generations, Baby Boomers, 
Generations X and Y. To avoid age discrimination complaints, employers and supervisors need to understand the 
ADEA. 
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ASSESSMENT 

Over time, I have assessed the relevancy and effectiveness of diversity law training using several assessment tools, 
including: 

1. Course evaluations. Table V lists selected items from student evaluations for OLS 468. 

2. Feedback from diversity training workshops conducted for the University and local companies. 

TABLEV 

Median rating of selected items from student evaluations of OLS 468. 

1. Students are free to express their own views in class. 
2. Assignments are relevant, interesting and well integrated. 
3. Overall, the student learned a great deal in this course. 

Year 2000 2001 2002 -2003 
(Spring Semesters) 

Students 16 14 19 17 

1. 4.8 4.8 4.9 4.8 
2. 4.8 4.5 · 4.9 4.8 
3. 4.9 4.9 4.9 4.8 

(5) Strongly Agree (4) Agree (3) Undecided 
(2) Disagree (1) Strongly Disagree 

CONCLUSION 
· Managing diversity does not have to be a litigious and expensive concern. Appropriate legal training is a proactive 

initiative supervisors can take to .avoid liability when managing diversity and making employment decisions. At the 
same time, students and supervisors do not need to become lawyers to deal with most of the legal issues encountered 
when managing diversity. By understanding diversity law, supervisors will have the required expertise to avoid 
most legal problems encountered when managing a diverse workforce. 
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T.HE IMPACT OF DYNAMIC OR STATIC MODELS IN STRATEGY DEVELOPMENT 

Aysar Philip Sussan 
University of Central Florida 

ABSTRACT 
The international reach of business created new areas of uncertainty and problems that for the most part had been 
left unanswered by much of the existing research. This paper attempts to identify existing models that provide a 
generalized explanation of international business, and developing a new model that could be considered to address 
the broader business problems. · 

INTRODUCTION 
As a result of past research, today's business practitioner is faced with a plethora of models and foo-ls, much of it 
suited to a narrow focus and specific problems. Most of these specialized models and tools for decision-making and 
problem solving cannot.be used in isolation to address the broader business problems presented to the international 
business researcher or practitioner. 

This paper identifies five broad forces as relevant for International Business (IB) model generalization, which also 
have been the focus of specific and generalized research areas and appear to capture the ideas essential for continued 
discussion and further generalized model development applicable to m. The synopses of the presented models 
emphasize the identification of the factors that could be considered as generalized forces, not the attempt to fully 
explain the models. 

MODELS AND IT'S IMPACT ON BUSINESS 

Comparative Cost Model 
The early economists like Smith and Ricardo promoted the idea of specialization, which lead to the concept of 
comparative advantage. Among the endeavors of researchers along with the description of economic activity is to 
determine if that activity is successful or efficient. Both success and efficiency are terms related to the creation of 
wealth. Specialized and focused development of wealth measurement within economic, accounting, and finance 
disciplines was designed to evaluate the specific success of a particular business. These developments in financial 
reporting created the data necessary to develop generalized business models to identify the connections between 
conducting certain activities in specific ways and to measure the re_sulting wealth creation, or stated another way, to 
determine comparative advantage. Raymond Vernon observes "under the calculus of least cost, production need not 
automatically take place at a location close to the market, unless the product can be produced and delivered from 
that location at lowest cost". (Vernon, 1966) The determining factor in international location decisions was resource 
cost minimization. 

Transactional Models 
The models of foreign direct investments (FDI) are premised on the idea of transaction costs or market failures 
(Zaheer, 2001) as in the internationalization models. · 

Raymond Vernon (1966) suggested "one cannot be exposed to the main currents of international trade for very long 
without feeling that any theory which neglected the roles of innovation, scale, ignorance and uncertainty would be 
incomplete". Vernon took a fresh look at existing assumptions and proposed the International Product Life Cycle as 
a more complete explanation. · 

Vernon discards the notion that knowledge is a universal free good, and as such uses innovation as an independent 
variable that categorizes countries into "advanced" or. "less developed". However, Vernon's description of 
innovation could, through the lens of current times, be easily identified today for its relevance in the dynamic 
technology environment. 

In a globalization model of standardized products, the constraint for a plentiful supply of external markets may not 
hold. Another underlying assumption and constraint of the model was the limited experience in international trade 
by the typical commercial endeavor. The current environmental changes in technology, international market 
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knowledge, and communication change the usefulness of this model today. However, many of the core concepts 
are still relevant. The contribution of the IPLC Model that carries into the present is the incorporation of resource 
considerations with the changing product stages over time. (Zaheer, 2001) 

Internationalization Process Model 
Johanson and Vahlne (1977) b~lieve that language and culture· are obstacles to obtaining knowledge necessary for 
international operations. Further, they believe that these obstacles to knowledge are the main factor that 
characterizes an international operation from a domestic operation. (Johnanson, 1977) 

The model explores entry mode using the firm and industry level factors including the discussion of experience, but 
it does not consider country level factors. (Kogut, 1988) 

Unifying MNE Model 
Firm-level and Industry-level structure has been the subject of considerable research. The various types of 
governance structure, from the arms length transaction to wholly owned enterprises, were identified by the 
international and transaction cost models. Specialized research was conducted to identify prevalent and determine 
optimal structures for specific industries and markets. Each of these areas of research has added a considerable 
understanding of multinational enterprise structures. Stopford and Wells (1972) investigating multinationals using 
the Harvard Multinational Enterprise Database, found that firms with products central to the core of the business and 
with more experience in the country, the less likely joint venture structure would be chosen. (Kogut, 1988). 

Cultural Dimensions Models 
Culture has increasingly become evident in international business research as an important variable. (Shenkar, 2001; 
Anakwe et al, 2000) Research during the twentieth century to the present has attempted to classify and define 
specific cultures, explore the differences and similarities between cultures, and discover culture's relationship to 
international business activity. (Gupta, et~' 2002; Shenkar, 2001; Thomas, et al, 2000; Anakwe, et al, 2000; 
Hofstede, 1998b) The disciplines of sociology, anthropology, and other social sciences conducted the earliest 
comparative culture research focusing on universal and general culture (nomothetic/etic) and specific and unique 
culture, (idiographic / emic) or adopted a position somewhere between the two approaches. (Hofstede, 1998b) 

Hofstede Model 
Hofstede's Model identified the following dimensions, Power Distance, Individualism vs. Collectivism, Masculinity 
vs. Femininity, and Uncertainty Avoidance. There were challenges and criticisms ofHofstede's findings. (Hofstede, 
1998a) Among the criticisms was the concern that the study had a western bias. 

Culture can be measured and classified at the level of many different units such as subculture, nation, or 
organization. However, all unit cultural classifications are not considered equal by researchers. Hofstede 
acknowledges that most anthropologists do not use nations as units for study as nations can host many cultures, as 
well as transce~d national borders. (Hofstede, 1998b) Lenatowicz et al, cite Clarke's observation that culture is 
border free and that the nation has been used as a proxy because it is easy to define and delimit 

Porter Model 
The Porter Model, known by various names including the Five Forces Model and the Porter Diamond, simplifies 
industry structure into five dimensions of competition (buyers, rivals, suppliers, substitutes, and barriers to entry). 
Essential ·to the Porter Model is an understanding of the industry value chain and the specific activities provided by 
the firm. "Remote electronic access (REA) opens the possibilities of pieces of the value chain being disaggregated 
and relocated in the lowest real cost platform for that activity". (Zaheer, 2001) "Most strategy tools of today, 
including Porter's Five Forces, cost curves; and structure-conduct-performance (SCP), are based on Marshallian 
equilibrium models that assume that the industry structure is known, that diminishing returns apply, and that all 
firms are perfectly rational." (Wymbs, 2000) " In fact, few if any of the traditional equilibrium a~sumptions hold in 
today's dynamic, technology-orientated service economy". (Wymbs, 2000) 

Institutional Entry Mode Choice Model 
Research by Brouthers and Brouthers (2000), and Kogut and Singh (1988) support the inclusion of institutional and 
cultural contexts to the transaction model's ability to explain entry mode choice. (Brouthers, 2002) Brouthers' 
(2002) model incorporating institutional, cultural, and transaction costs in performance measurement of large 
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European Union firms "suggests that mode selection appears to be driven by a combination of general transactions 
cost characteristics, institutio.nal (legal restrictions), and cultural context (investment risk) variables. The Brouthers' 
study "provides support for those scholars (Brouthers and Brouthers, 2000; Delios and Beamish, 1999; North, 1990; 
Kogut and Singh, 1988) who suggested that the explanatory power of transaction cost mode choice could be 
improved by including aspects of both the institutional and cultural context." (Brouthers, 2002) Entry mode= f 
(transaction costs, institutional context, cultural context) 

Sussan Competitive Model 
Sussan (2003) offered a modified Porter Model to incorporate the dynamic implications of the driving forces of 
globalization, technological change, and socio-economic factors to the way international service businesses are 
currently conducted. The model melds the Porter Industry components as static forces with dynamic components of 
Alliances, Global, Technology and Governmental forces. "The dynamic factors exist as another level, circling 
around the static factors to represent their impact on the multiple static factors". (Sussan, 2003} . 
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As noted by Ghoshal and Bartlett ( 1990), a "macro structural analysis alone may not be enough and may need to be 
complemented with micro structural analyses of these internal differences so as to build a more nearly complete 
theoretical understanding of the ways in which an MNC functions." (Ghoshal, 1990) The Sussan Model presented 
as Figure 4 is a adaptation to reflect the Cultural and Societal, Experiential Knowledge, Resource, Technology and 
Structure Value Chain (CERTS) factors identified as relevant from historical models thus far discussed. 

Discussion of Factors Relevant to Generalized International Business Models 
Ghoshal and Bartlett (1990) obs~rve that numerous authors suggest "MNCs are physically dispersed in 
environmental settings that represent very ~fferent economic, social, and cultural milieus; are internally 
differentiated in complex ways to respond to both environmental and organizational differences in different 
businesses, functions, and geographic locations". 
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Factors Cultural Experience Resource Technology Structure 
Models 
Comparative Cost no no Ives no no 
lnternat'I Product Life no yes yes yes no 
Cycle 
Uppsala - yes some yes no no 
lnternationalizati on 
Transaction Costs no some yes Ives some 
Hofstede 1yes no no no no 
Porter no yes :yes no yes 
Kogut/ Singh Ives lyes some no yes 
Hill & Chan no Ives yes yes yes 
Brouthers yes Ives yes yes yes 
Sussan no some ,yes yes yes 

Table 1 The impact of models using CERTS 

Cultural and Societal Factor: embedded group values collectively affecting markets and business activity_. 

Experiential Knowledge Factor: the manifestation of the combination of an understanding of market trends and 
assessments of geopolitical influences as they relate to business activity. 

Resource Factor: patterns in committing, allocation, and repatriation of resources. 

Technology Factor: the ability to incorporate scientific knowledge to augment business goods and services 
development, as well as into ongoing activity. 

Structure Value Chain Factor: the existing industrial and organizational level struc-tures. 

· Proposed CERTS Model 
Many of the traditional models will continue to be beneficial in static situations. (Sussan, 2003). But when Cultural, 
Experience, Resources, Technology, or Structural forces are identified that are dynamic or non-linear in their 
implications, the traditional established model's shortcomings are not able to capture the changing environment. 

The Experience Knowledge Factor would absorb the trend to working women and the potential markets created by 
the demand for products to fit their new lifestyles and new industries like child-care were created. Had the door-to
door industries like the cosmetic firms used an equilibrium model like the Porter Model, the customer would still be 
a small bargaining force but that suddenly 'no one was home' would not be taken into account. Many firms missed 
the resulting re-location of its customer base and its new market needs. The Resource Factor also experienced 
chartge with the influx of women into the labor pool. (Sussan, 2003) 

The CERTS model suggests using Key Success Factor (KSF) analysis after identifying a dynamic environment. As 
noted in~ study by Eid et al (2002) KSF are defined as "areas or funct1ons where things must go right to ensure 
successful competitive performance of an organization" Additional these factors are linked to the organization's 
mission. Where the organization is static the traditional models, like Porter's would be appropriate for the 
organization. (Edi, 2002). 

CONCLUSION ; · 
The proposed CERTS model has been suggested 'as a starting point for future research in model development and as 
an aid for the practitioner to identify whether they are operating in a dynamic or static environment prior to selecting 
a model for implementation. However, the model has several limitations. Amongst those are its development based 
on historical models and their respective data versus current empirical data. Secondly, delineation of the factors 
would benefit from further fleshing out and as such requires greater detail to be utilized as a standard for researcher 
needs. Finally, the proposed CERTS Model requires testing with existing organizations from practitioners. 
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Further research should benefit from the review of the historic models do~e in this paper as support for additional 
research in the area of Dynam:ic International Business Model development,- delineating of factors, and the 
. identification of a lack of an appropriate model to capture the business environment in changing times. 
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HUMAN FACTORS IN MEDICAL INFORMATICS 

Kumara Retnasami, Deborah S. Carstens, Judith Barlow, Florida Institute of Technology 
Walter Lawrence, Holmes Regional Medical Center 

ABSTRACT 
The goals of the research were to incorporate human factors design concepts into the development of a database to 

enable the proper assessment of survey data and to obtain a greater understanding of errors with medical equipment. 
The survey data was collected as part of an effort to enhance patient safety through analyzing past and potential 
human errors affiliated with different medical equipment and systems. Patient safety literature is primarily 
discussed to demonstrate the need for more exploration of errors in medical equipment. 

THE IMPORTANCE OF HUMAN FACTORS ENGINEERING 
Design-induced errors in the use of medical devices can lead to patient injuries and deaths. The Institute of 
medicine (IOM) of the National Academies published "To Err Is Human" Report addresses the importance of 
reducing medical errors in a rigorous effort to significantly increase patient safety (IOM, 1999). The 1999 
government report from the National IOM sparked a lot of this activity to improve patient safety when it estimated 
that preventable medical errors kill between 44,000 and 98,000 people in U.S. hospitals each year. Even using the 
lower estimate, more people die from medical mistakes each year than from highway accidents, breast cancer, or 
AIDS (IOM~ 2001). The Joint Commission on Accreditation of Healthcare Organizations (JCAHO) has published 
patient safety standards further emphasizing the importance of patient safety. A user's behavior is directly 
influenced by user interfaces _that may result in design induced errors if not properly designed (Sawyer, 1996). 
Literature on errors affiliated with medical equipment that support the need for better medical device designs that 
accommodate the necessary range of user capabilities is discussed. The graphical user interface developed as part of 
a system to hold survey data that was collected as part of an effort to enhance patient safety through analyzing past 
and potential human errors affiliated with different medical equipment and systems is also displayed. 

THE INTERACTION OF USERS, DESIGN, AND OPERATING ENVIRONMENT 
· Medical devices can be rather hazardous in a complex environment (Sawyer, 1996). Therefore, individuals with a 
stressful workload coupled with an intense work environment can have an adverse effect in using medical devices. 
Medical should be used in low stress work environments due to the potential for error (U.S. Department of Health 
and Human Services, 2000). To have a really good understanding of the human factors capabilities, we will look at 
different human characteristics. 

Physical and Sensory Characteristics 
"A person's most basic physical and sensory capacities include vision, hearing, manual dexterity, strength, and 

reach" (Sawyer, 1996). Therefore, our physical and sensory aspects should complement the devices that people use. 
Furthermore, designers must ensure that these human aspects are greatly considered in the design of medical 
devices. 

Perceptual and Cognitive Abilities 
The user's perception and experience in the perceptual, physical, and cognitive issues of medical device usability 
helps medical equipment manufacturers make products designed bettef. (Preece, Roger, Sharp, Benyon, Holland, & 
Carey, 1994 ). The evaluation of medical information systems necessitates review from a number of fields such as 
usability engineering and particularly the cognitive task analysis. Cognitive task analysis characterizes decision 
making and reasoning skills of individuals performing complex processing activities. 

Expectancies ; 
Expectancies is an important aspect for consideration in medical informatics because people have the tendency to 
reach to certain actions due to their familiarity from past experiences. One example would be the no enter sign 
where people are aware that they can't go in a room with this sign (Sawyer, 1996). This brings us to the importance 
of consistency in design because too often new designs are implemented that could lead to new potential errors that 
could be critical in some cases. 
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Mental Models 
Sawyer (1996) states that "based on experience, people form abstract concepts about how complex phenomena 
actually work. For example, anesthesiologists, form mental representations of patient status based on information 
about respiration, ·heart rate, oxygen levels, and other bodily processes." It is important to perform testing to 
understand user's mental models in operating medical devices. Once this is achieved, the design can be developed 
to be a better match of an individual's mental model. 

Home-Use 
"Lay people increasingly use medical devices. Because of illness, poor reading ability, inadequate facilities, 
insufficient assistance, and inexperience, this population often represents a special challenge to designers" states 
Sawyer (1996). The older an individual is, aspects such as, eyesight, hearing, memory loss and strengths begin to 
fade. Therefore, designers should design in features to adapt to the elderly that make up part of the user population 
for medical devices. 

Design Implications . 
Designing out all problems associated with -human limitations are impossible (Sawyer, 1996). User errors due to 
design issues can have severe consequences. The Institute for Healthcare Improvement (2003) discusses how our 
care systems have built-in defect rates that are too high and how most medical errors have less to do with 
carelessness or neglect than with failures of systems. The Institute further discusses that errors can be decreased 

. through the redesign of systems that introduce the hazards in the first place. The term systems can be used to 
describe processes, procedures, medical informatics, etc. The National Database of Nursing Quality Indicators 
(NDNQI) is a project of the American Nurses Association's (ANA) Safety & Quality Initiative that addresses the 
patient safety and quality of care issues arising from changes in health care delivery. NDNQI (2003) advances this 
Initiative through the development of an information resource that will be used to quantify the relationship between 
nursing and patient outcomes. The Leapfrog Group (2003) composed of more than 140 public and private 
organizations that provide health care benefits also acknowledges the need to identify problems and propose 
solutions that it believes will improve hospital systems that could break down and harm patients. 

"Designing the interface with the user in mind usually will result in a device that: 

• accommodates a,wide range of users working under variable, often stressful conditions; 
• is less prone to user error; and 
• requires less user training." (Sawyer, 1996) 

THE USER INTERFACE 
Medical technology is rapidly increasing which is good in terms of new ways to treat patients. However, an increase 
in the technical complexity contributes to accidental injuries to patients. These injuries have been associated with 
medication and surgical errors or techni.cal malfunctions. Data indicates that 60% to 80% of injuries have been 
attributed to human error. According to Erik Liljegren (2004), "Studies have shown that medical equipment exhibits 
some classic human-machine interaction deficiencies which increase the riskof human error. To improve the design 
of medical equipment, the capabilities and limitations of human information processing need to be taken into 
account, i.e. the equipment needs to be designed using a human factors approach." 

Following are some rules of thumb dev~loped by Sawyer (1996) for designing the user interface: 

• "Make all facets of design a~ consistent with user expectations as possible. Both the user's prior 
experience with medical devices and well-established conventions are important considerations. 
• Design workstations, controls, and displays around the basic capabilities of the user, such as strength, 
dexterity, memory, reach, vision, and hearing. 
• Design well-organized and uncluttered control and display arrangements. 
Ensure that the association between controls and displays is obvious. This facilitates proper identification 
and reduces the user's memory load. 
• Ensure that the intensity and pitch of auditory signals allow them to be heard. easily by device users. 

· Consider the effects of ambient noise. 
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• Ensure that the brightness of visual signals is sufficient to be perceived by users working under various 
conditions of ambient illumination. Also, brightnes_s contrast and color contrast can help to optimize 
legibility. 
• Make labels and displays so that they can be easily read from typical viewing angles and distances. 
Symbol size, contrast, color, and display depth are i~portant considerations. 
• Ensure that the abbreviations, symbols, text, and acronyms placed on, or displayed by, the device are also 
used consistently in the instructional manual. 
They also should correspond to standard nomenclature, if possible. 
• Design control knobs and switches so that they correspond to the conventions of the user population (as 
determined by user studies and existing medical device standards). 
• Arrange and design knobs, switches, and keys in a way that reduces the likelihood of inadvertent 
activation. 
• Use color and shape coding, where appropriate, to facilitate the rapid identification of controls and 
displays. Colors and codes should not conflict with universal industry conventions. 
• Space keys, switches, and control knobs sufficiently apart for easy manipulation. This will also reduce the . 
likelihood of inadvertent activation. 
• Make sure that controls provide tactile feedback". 

HUMAN FACTORS DESIGN IN DATABASE DEVELOPMENT 
There are many different human factors design considerations that should be reviewed prior to developing a 
graphical user interface. Some examples of human factors design consideration are page layout, ease of use, and 
color. The database developed as part of this research effort that holds the data collected on human error in medical 
equipment is shown in Fig~e 1. · 

SUMMARY 
In summary, the layout and design of controls and displays may greatly affect user's abilities to successfully 
perform functions and extract information during operation of a device, especially during critical events. The field 
of Human Factors strongly emphasizes the interfaces between workers, tasks and processes, and hardware or 
software systems in a specific work environment. The complete "system" illustrated in Figure 2 can signify any 
operation such as medical practitioners interaction with medical equipment. It is important to fit the task to the 
human rather than fitting a human to the task. (Kroemer and Grandjean, 2001). Unfortunately, many system and 
task designers often emphasize hardware and software design without adequate consideration of workers, work 
processes, and work environments. Future research in designing medical equipment to better suite the human is 
needed to enhance patient safety. 
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Figure 1: Graphical User Interface Design 

Figure 2: Human Factors are Important in Any System 
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CRUTCH MODIFACTION FOR COMFORT AND FUNCTIONALITY 

Ingrid Johnson, Reguillio Zorg and Michael E. Opar 
St. Ambrose University 

ABSTRACT 
Using crutches is an unpleasant experience. The objective ofthis innovation is to decrease the amount of underarm 
discomfort by employing more shock-absorption to a standard pair of crutches. In redefining this pair of crutches, 

. primary customer needs such as durability, portability, adjustability, and affordability are accommodated. · 

INTRODUCTION AND BACKGROUND 
Possible improvements for the design of standard adjustable aluminum crutches were identified ~ h~n fellow 
students complained about the discomfort they experienced while using crutches. People injure themselves and are 
required to use crutches for a limited period of time. The crutches used are ·often inexpensive, generic and come 
with minimal instruction for use .. A healthcare worker will adjust the crutches to accommodate the patient's height 
and body proportion then send him or her off. These patients, who may not be accustomed to using crutches, may 
use them improperly putting unnatural stress on the forearm and underarm. The discomfort, which follows, may 
lead to inconsistent crutch use or the patient may discontinue crutch use prematurely. The objective of this project 
was to develop a comfortable crutch, which addresses the common flaws in traditional design, primarily portability 

· and shock absorption. The resulting design also needed to be cost effective; as the users would be unlikely to pay a 
high price for a crutch used only a number of weeks. 

After we developed our initial concepts to address existing crutch shortcomings, we began fabrication with a pair of 
inexpensive, generic, adjustable crutches. We identified springs with the desired balance of cushion and stiffness 
that could be used for shock-absorption, as well as cost effectiveness. We then constructed the prototype by· 
modifying the existing crutches with springs near the point of impact to the ground and separating the upper portion 
of the crutches for portability. 

The resulting crutch provides users with a more comfortable alternative, while addressing all the customer needs 
such as durability, adjustability and affordability met by traditional crutches. Preliminary, anecdotal studies indicate 
this crutch may be successful in addressing these needs. 

There are many types of crutches on the market. Few of those· crutGhes provide affordable shock absorption as they 
are meant for indefinite use rather than the short term use resulting from foot, ankle, knee, and leg injuries. Two 
examples include the Strutter Mobility System and the Keen Navigator Crutch. The Strutter Mobility is 
manufactured by Orthotic Mobility has a retail price of $475 [1] The Keen Navigator Crutch is manufactured by 
Keen Mobility and has a retail price of $299.95 [2]; neither can be disassembled easily for transportation. 

SHOULDER, UNDERARM AND WRIST DISCOMFORT 
Axillary (underarm) crutches are used for a variety of circumstances. The length of time spent on crutches depends 
on the severity of the injury or disability. The use of crutches can misplace significant force on the shoulders, 
underarms and wrists. · 

When using crutches, weight should be placed on the arms and hands, not the underarms. If weight is misplaced on 
the underarms, pain, fatiiue, numbness, or nerve damage may result [3]. One example is bilateral brachia! plexus 
compressive neuropathy ("crutch palsy"), a condition which results when weight is rested on the underarm pads, 

· placing pressure on the nerve and blood vessels of the underarm. (The symptoms are temporary, severe hand and 
arm numbness). Long-term users may experience tendonitis or osteoarthritis [4]. 

We believe that providing additional shock absorption will reduce pressure on the wrist. The median nerve travels 
through the carpal tunnel in the wrist. The ligaments run perpendicular across the nerve are not very flexible. If 
swelling develops within the wrist, excessive pressure can be put on the blood vessels and the median nerve; this 
excessive pressure can constrict blood flow arid cause nerve damage. The symptoms from the compression cause 
pain, loss of sensation, and decreased function in the hand [ 4]. 

213 · 



Figure 1. Shoulder anatomy [5] 
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Figure 2. Wrist anatomy [6] 

COST ESTIMATE 

Proceedings of the 2004 IEMS Conference 

Median nerve 

J 

The materials needed to make the modifications to this pair of crutches are listed below. All materials are 
inexpensive and readily available at hardware (Milan Surplus, Milan, Illinois; B&B Do It Best Hardware, Milan) 
and healthcare supply stores. The cost of tools (Ryobi C356 saw, drill, pipe cutter, bench grinder, and Mapp torch) 
is not included in the estimate. 
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Standard pair of aluminum push-button crutches 
Cost: $26-$29/pair) 

Aluminum rod (AISI 6061-T6511, ASTM B221) 
25 inches long, 0.75 inch diameter 
Cost: $1.14/foot Total: $2.38 

Aluminum plate (AISI 6061-T6511, ASTM B221) 
6.5 inches long, 1.5 inches wide, 0.25 inch thick · 
Cost: $0.92/foot Total: $0.50 

Springs·(4) 
Cost: $0.25 each Total: $1.00 
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Coil bracelet key chains (2) 
Cost: $1.49 each Total: $3.98 · 

Aluminum ferrules and stops 1/8" ( 4 packs, 2 pairs 
each) 
Cost: $0.99/pack Total: $3.96 

Negligible costs: 
Brazing rod (1) 
Bolts (2) 
Screws (2) 
Nuts (2) 
Snap pins (2) 
Silicone sealant 

Estimated total cost of materials = $3 8-41 

MODIFICATION PROCEDURE 
. The first step is to identify standard adjustable aluminum crutches suitable for our modification, similar to the one 

pictured below. This particular pair is made for taller patients, accommodating heights from 52 to 60 inches (5'10"-
6'6"), though any size crutch may be modified. 

Figure 3. A standard adjustable aluminum crutch [7] 

An aluminum plate (0.25" x 1.5" x 2') is used to make four washers (Figure 1), two for each crutch. The washer 
dimensions are 1.5 cubic inches in with a 0. 75 inch diameter hole. The cuts are made with a Ryobi C356 saw. 
After the washers are separated, a grinding wheel (General Hardware Co., Inc., 114A Bench Grinder, Model . 
EG700) smoothes the comers. 

Figure 4. A sample of washers cut from the aluminum plate. 

The aluminum height adjustment tube (with a wall thickness of 1/16 inch) is removed from each crutch. In order to 
braze without melting a white plastic end cap at the base of this tube, the end cap first needs to be removed. Using a 
tube cutter, a separation is made in the tube 1.5 inches from the bottom of the end cap (1.25 inches from the bottom 
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of the aluminum tube). The end cap is removed from the tube by drilling out the dimples on the outer surface of the 
tube that hold the end cap into place. In preparation for brazing, a stainless steel brush is used to remove oxide 
from the exterior of the aluminum tube sections and washers. 

Figure 5. The separation of the plastic end cap from the aluminum tube. 

A section of solid aluminum rod (2.5 feet in length, 0.75 inch diameter) is cut into two equal pieces (1.25 feet), one 
for each crutch. For each crutch, the rod is then inserted into the aluminum tube which once contained the stopper 
until •it is flush with the end of the aluminum tube. Then a blow torch and EZ Fluxless Brazing Rods (18 inches in 
length) is used to braze the bottoms of the tubes and rod together. Excess rod material is removed using the bench 
grinder. Chamfers are created with a file on the opposite end of the rod to make it easier for the crutch to be 

· reassembled during transportation. 

One washer slides onto the rod and rests on the brim of the tube. Once secure in the vice, the top surface of the 
washer is brazed to the rod._ The bench grinder is used to remove excess spatt~r. 

The second washer is brazed to the base of the section of the height adjustment tube that contained the push pin. 

Once the brazes are complete, the aluminum rod insert is trimmed to a length of 12.5 inches (initial length of 15 
inches). 

Brazing of aluminum 
rod to tube. 

Figure 6. The two foot brazes. 

A hole is drilled roughly 11.5 inches from the top of the tube with the push pin. 

Brazing of washer to 
aluminum rod. 

Two springs and the tube slide onto the rod. Then the spring is compressed between the washers until the spring 
length is 2.75 inches. The compression keeps the springs from sliding out of position since there is a significant 
difference between the inside diameter of the spring and the outside diameter of the rod. The two springs are also 
brazed together end to end for this purpose. 

J 

Figure 7. A spring used for shock absorption. 
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Then a hole is drilled through the tube and rod to give the maximum height of the slot. The diameter of the hole is 
slightly over 0.25 inch. Simila"r holes were drilled down 1.5 inches to finish the slot. This slot compresses the 
springs for added shock absorption. · 

A screw (size 10) is inserted into the slot. This screw slides up and down the slot enabling the compression. The 
screw is tightened with a self-locking nut. · 

Figure 8. The modified crutch foot: 

Since rod, washers, and springs have been added to the height adjustment tube, the total crutch length (measured 
from bottom of rubber underarm pad) increases from 50.75 inches to 54.5 inches. To compensate for the change in 
length, the excess height (3.75 inches) needs to be removed from the upper portion of the crutch . 

. A cut is made 26.75 inches below the bottom of the underarm pad. 3.75 inches are cut off from the end of the tubes 
to retain the original crutch length of 50'. 7 5 inches. 

Four sections of0.625 inch diameter aluminum rod are cut four inches in length. A hole is drilled one inch from one 
of the ends. The opposite end is chamfered 0.375 inch. 

Two 0.25 inch diameter bolt holes are drilled, one on each side, 1.0 inch from the bottom of the top half of the 
crutch. One bolt on each side secures the inner aluminum rod to the aluminum tube of the top section of the crutch. 
These bolts do not need to be removed for disassembly. 

Two 0.15 inch diameter holes are drilled, one on each side, 1.0 inch from the top of the bottom halfofthe crutch. 
Snap pins are inserted into these holes to secure the top and bottom sections of the crutch. The snap pins can be 
removed, enabling easy disassembly for transportation. Four inches below those holes, 0.25 inch diameter holes are 
drilled, and sheet metal screws inserted. These bolts are attached to segments of a coil keychain that attach to the 
snap pins. This prevents loss of the snap pins during transportation .. 

Figure 10. A close-up of 
the bolts, screws, coil 
keychain, and snap pins. 

Figure 9. The fully modified 
and assembled crutch. 
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CONCLUSION 
A pilot study conducted by a St. Ambrose University physical trainer yields that the crutch proves to be sufficient in 
shock absorption and relieves pressure and tension in the underarm area [8]. The cost of these modified crutches is 
higher than unmodified, but far below the cost of current alternative, shock absorbing crutches. We plan to refine 
our design based on the pilot study and complete a formal, controlled experiment. We expect to find a significant 
improvement in patient comfort and other qualitative measures. Additionally, we. plan to measure actual stress using 
Electromyography (EMG) to quantify improvements and possible identify specific body areas, which benefit from 
this design. 
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WHERE DOES THE "RUBBER MEET THE ROAD"? 
A MULTIDISCIPLINARY APPROACH TO TEACHING ERGONOMICS 

Les Keffel 
Colorado Technical University 

ABSTRACT 
A multidisciplinary approach to teaching ergonomics is presented which creates interest, develops an ergonomics 
imagination, and fosters an unrestricted venue for personal debates on the value of learning ergonomics within the 
technical university environment. · 

THE CHALLENGE 
''Dr. Keffel," the e-mail begins, "just a quick note to say thanks a lot for your ergonomics class as you almost got me 
fired. I thought you'd like to know that I went to my supervisor and told her that you said I should get a new chair 
because of my backaches. Well, I didn't g~t a new chair. But I almost ended up having to get a new job." 
Conversely, another one reads, "Hi Dr. K', I did what we talked about in class and figure4 out how to adjust my 
chair and now my neck doesn't bother me anymore. Thanks again for a great class!" And so it goes. Though the 
message_s are diametrically opposed, the course outcomes were the same for both of these students--albeit for better 
or worse. This is interesting feedback, especially on a course that is more often then not initially considered 

· unnecessary and a waste of time. 

But, it also then begs the question: what caused these students, and others like them, to not only listen, but to put 
into practice what had been discussed for eleven weeks? Perhaps the answer can be found not so much in the course 
content, but in the delivery. To that end, this paper offers an introspective look at one way to set the hook during the 
first class of an introductory ( and only offering) course on ergonomics through the blending together of human 
nature, politics, business, history and literature. . 

THE PROCESS-: SETTING THE HOOK 
Students often meander into the classroom the first night with the same alley-cat wariness and ho-hum deportment 
as do the students in the op~ning class. of Western Civilization or U.S. History. And much like Benjamin Franklin's 
two certainties in life, the two opening-class certainties are, "Why are we taking this class?" followed almost 
immediately by "Are you going to let us out early?" And, the responses are just as certain and inevitable, "You'll 
see" and ''No." After the grumbling murmur drifts away, and the usual administrative duties are completed, the 
course casually begins to unfold. · 

The first step in facilitating a course such as this is making the link between textbook and reality at the very outset. I 
liken it-a great deal to teaching history were the students will be much more inclined to stay interested in a course 
and learn something if you offer them a better understanding of "why" they are taking a class such as W estem 
Civilization if, for instance, you take the time to use various episodes from the Iliad as metaphors for modem day 
management practices. The same holds true for ergonomics. So, rather than spending 90 minutes of class time 
explaining, in pain-staking and incomprehensible detail, the theoretical foundations of the entire science of · 
ergonomics, we instead look, listen to each other, participate and, together, begin to learn what ergonomics does and 
how it affects our daily lives. T6 that end, I present the students with a sobering observation by T.A. King, a 
speech-language pathologist, on the field of human factors in assistive technology (AT), "Most often we have to 
learn about their [human factors] existence arid importance through clinical experience, some of which has been 
bitter, and much of which has probably included too many failures of our AT intervention attempts that were 
otherwise well devised and well intended. To confound the problem, some professionals or others still may be 

· unaware of the existence or role of human factors: They may even consider human factors in assistive technology to 
be trivial or merely in the realm of common sense-to _be such basic, intuitively apparent considerations that these 
are obvious to any educated professional, and not worthy of our professional consideration" (T.A. King, Assistive 
Technology: Essential Human Factors, p 3, 1999). Clear, concise, to the point. The response from the students is 
generally a murmured acknowledgement that perhaps there is something to this "ergo stuff' after all. · 

The best way to bring us back, and lighten up the room again, is to begin by sharing a cartoon from Wile's ''Non 
Sequitur" which features a typically Non-Sequiturian type of character dozing comfortably in his favorite easy chair, 

219 



Proceedings of the 2004 IEMS Conference 

along with a cat and dog that are fast asleep in his lap. The caption reads, "The most ergonomic laptop for stress 
reduction ... " (Non-Sequitur, Gazette Telegraph, 10-14-03). This simple example not only goes a long way toward 
taking the mystery and chill out of the course, but it also heips demonstrate the meaning behind our text's title, 
Ergonomics: Ho·w to Design for Ease and Efficiency (Kroemer et al, 2nd ed. 2001 ), the content and style of which 
requires discussion during the introductory and administrativ~ portion of the class. 

HUMAN NATURE, OR WHY DO WE INSIST ON WHAT'S 'BAD' FOR US 
AND. CAN I USE IT TO MAKE MONEY? 

With the seemingly endless array of notions and nostrums available to help get us through yet another day, the 
question I often pose to the students goes something like this: 'Is healthy really that good?' In other words, with all 
that's out there to fix us, why bother staying fit? Or, in the immortal words of Alfred E. Newman, "What, me 
worry?" Moving on with what sorrie would consider a fairly non-politically correct look at human nature, we 
discuss the inherent rub of trying to introduce something new into an established environment. This offers the 
students the opportunity to talk about a subject they are already familiar with. And by doing so, another learning 
block slips quietly and unnoticed into place. 

Since· Wile has a clever way of showing us the foibles of human nature, I once more use an episode from Non 
Sequitur which illustrates what happens when new ideas are set against the same-old-way. In this case, Wile 
presents us with a group, dressed as cavemen, gleefully surrounding a square stone wheel while a lone coworker 
· stands befuddled behind his round stone wheel. The caption reads: "We loved your original concept, but to be on 
the safe side, we ran it past a focus group ... " (Non-Sequitur, Gazette Telegraph, 7-1-03). This provides a natural 
catalyst to spontaneous student lead discussion on the issue of change and how they have dealt with experiences in 
their own particular cases. ~ut how do we niake it 'real'.? 

Advertisements and feature stories found in our daily local newspaper make available good examples of ergonomics 
being tangible and 'real' and is something we come into contact with daily, both figuratively and literally. There are 
many examples on a wide range of subjects, from "Still aching from the accident?" to: "$3,772: Cost of an 
ergonomic injury ... $0, Cost of developing a safety plan ... call Pinnacol today!" to: "Carpal Tunnel? Free report 
reveals breakthrough treatment that .hand surgeons dpn't want you to know! Don't let another day go by ~ecause 
this condition gets worse: a lot worse. To get this exciting information call the Toll-Free 24 hour recorded 

· message ... " There is even an ad for a new mattress that informs us that we get those bags under our eyes because of 
the overnight fluid build up in our bodies caused by not sleeping on their remarkable new mattress. Feature articles 
are also scrutinized and subjected to discussion and analysis. One such article is on a company in town that 
discusses how "Consultants find income in government regulations" (Gazette Telegraph, February 25 th

, 2002). By 
preparing the real time foundation, we can then begin to look at the issue of how we got to this point in the first 
place. 

CAN WE LEGISLATE HEALTH AND WHAT HAPPENS WHEN WE TRY TO 
Politics is not always what it seems. To best understand this, we must look back at the waning days of the Clinton 
administration. Discussion focuses on the storm that erupted between the government and labor when the new 
workplace rules were announced by the Labor Department's Occupational Safety and Health Administration on 
November 22, 1999. All the information used for this portion of the presentation comes from the Abstracts of GAO 
Reports and Testimony. 1997 published as HEHS-97-163. 

The point to this is to clearly show the students that ergonomics is not a local issue or something merely designed as 
an annoying requirement for graduation. There is method to the madness and the interest level, at least for the last 
administration, was extremely high and the ramifications of this legislation are still with us today, to varying 
degrees. 

J 
The straw man for the political discussion revolves around the notion that no one seemed to be arguing for the idea 
that workplace safety is essential for continued productivity and survivability in the marketplace. In fact, just the 
opposite was happening. The argument appeared centered on the costs of implementing such legislation and the 
resultant upheaval within the workforce, including job restructuring and job losses while, at the same time, meeting 
the needs of an ever more disgruntled workforce within the confines of relentless competition: 
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The OSHA-perspective is laid out first to offer the students some sort of a· point of reference from which to form 
their own opinions. The OSHA data, showing the number of injuries that occur every year due to poorly designed 
work factors as well as the associated costs for treatment and worker's compensation, are offered for discussion. 

_ Quotes chosen for presentation and discussion are carefully and deliberately sele~ted. The rationale for this 
approach is twofold. First, it shows the students that the interest level in ergonomics is truly real and goes well 
beyond the walls of our school. And second, the purpose for selecting quotes that are quite strong in nature is to 
provoke class discussion. 

The opening round goes to Alexis Herman, former Secretary of Labor, and her notion of ergonomics and economics. 
This is followed by C.N. Jeffress, then Assistant Labor Secretary for Occupational Safety and Health, and his 
emotional appeal that ~ction be taken to help protect employees from unsafe workplaces. · 

Using some political cartoons; we also delve into the very sensitive subject of government mandated ergonomic 
standards for those folks who work out of the home. This approach has t4e usual effect of drawing numerous and 
boisterous guffaws from the students and evokes some lively discussion on the pros and cons of working from home 
and who pays the doctor _bills. Throwing in a red herring dealing with the issue of liability in the event that someone 
trips over the sleeping cat, while on the way to getting a soda, while working on a project,. evokes even more 
discussion ranging from stupidity to the notion of getting rid of the cat. Once the clamor has subsided, we then 
move into the realm of the opposition. 

BUSINESS: IS HEALTH 'COST EFFECTIVE'? 
Dan Macleod offers us an entire section titled "Saving And Earning Money" and tells us that "Ergonomics can save 
business money ... Moreover, ergonomics can earn money" (Dan LacLeod, The Ergonomics Edge: Improving Safety, 
Quality, and Productivity 1995, p 3). "If this is so", the students are asked, "then why was there such an uproar from 
the corporate world when the proposed ergo standards were first introduced?" Again, quotes are introduced for 
discussion. They are selected to demonstrate the level of intensity of the objections, as well as the various official 
levels of those making the protests. Comments offered· come from a wide variety of organizations such as the U.S. 
Chamber of Commerce; the Food Distributors Incorporated, sic: the Teamsters; and the National Association of 
Manufacturers. 

Another question presentedJo the students deals with a basic question of money and safety priorities, which is more 
important? Examples are offered showing what various corporations are already doing to help educate their 
employees on work place safety. This is followed by case study examples of companies that .had serious problems, 
but through good implementation, turned financial and persomiel lo~ses into profits. 

OK, SO WHAT IS THING WE CALL 'ERGONOMICS'? 
When completed, the discussion moves into the area of how ergonomics got its name and offers an overview of 
what ergonomics is all about, starting with its formal inauguration as a science in 1950. Recall that this is all 
happening the first night of class and the students have not yet opened the text. Therefore, a deliberate attempt is 
made to not inundate them with incomprehensible information and data that will only confuse and, ultimately, lose 
them. This is done by design because even though the Kroemer text is an excellent piece of work, it is also tough · 
r~ading, overflowing with charts, graphs, data and information that can easily overawe and overwhelm the students. 

Since the purpose of ergonomics; according to Kroemer et al (2001) is ease and efficacy, a conceptual model has 
been created based on Maslow's Hierarchy of Needs (A.H. Maslow, "A Theory of Human Motivation," 
Psychological Review, vol. 50, 1943 pp. 394.:3950. Coined the 'Ergo Pyramid' (Keffel, 2000), it offers the students 
an opportunity to discuss- a four-tiered, bottom-tip approach to system design, beginning with what they consider an 

. (1) intolerable, (2) tolerable, (3) acceptable and then (4) optimal work environment. Various professions are 
discussed and, interestingly, coal mining always takes the lead as the most intolerable. This may be due, in part, to 

· · my sharing with them a very vivid description of descending into a mine by William Manchester in his book, The 
Arms of Krupp (1968). 

. . 

This brings the discussion to the various stages in the design process, from identifying the initial need to the finished 
product. We do a collective process exercise by discussing what went into the design of a commonly used system 
such as a table saw. Finally, as a design challenge, I offer them, in lieu of the usual final course project, the 
opportunity to design an ergonomically correct chair for an individual whose knees bend the other way. 
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History: Looking At Yesterday To Understand Today 

"It could be said that human factors started when early humans first fashioned simple tools and utensils" (Sanders 
and McCormick, Human Factors in Engineering and Design, p 6, 1993) Just as Sanders and McCormick note, our 
historical perspective too begins in the stone-age. Only we start with another Non Sequitur example, this one 
happens to be of a caveman who is finishing up some cave art and is in the process of drawing a wheel on a horse 
drawn cart. The caption, as said by the sarcastic cavewoman reads, "When are you going to stop wasting your time 
with science fiction nonsense and start dealing with reality?!" (Gazette Telegraph, 3/06/01). 

In keeping with the primordial idea, we begin a hypothetical discussion of how prehistoric humankind may have 
practiced ergonomics. It is important to note that a disclaimer is made at this point emphasizing that this is merely a 
hypothetical exercise and is based neither in creation or evolution. The class is shown a whimsical image of a 
caveman (Gronk) squatting before a large, primordial snail. They are then given the task of brainstorming a way for 
Gronk to turn this shell encased delicacy into primeval escargot. There are three predefined steps which the students 
must follow: 1) Determine the need, which in this case is to eat. 2) Determine the requirement, must open up the 
snail shell without destroying the content. 3) Establish the process for creating the right 'system' with which to 
open ·the shell. Depending on class size, this exercise is either done· in groups with each group then presenting its 
solution, or collectively. The point to the exercise is that the students .must work through what is essentially a design 
problem and come up with a 'system' that satisfies the need to eat, is the right weight and shape to comfortably fit 

· the hand, will allow the opening of the snail shell without injury to the user or excessive damage to the escargot and 
can be used over and over again without breaking. 

Once the students have worked their way through this hypothetical exercise, we begin a journey upwards through 
time, stopping along the way to look at the Swiss "Ice Man", an ancient Roman Legionnaire, a knight in shining 
armor, a group of Civil War era soldiers, an American doughboy, and an astronaut. The stops along the way allow 
us to discuss the various positive and negative attributes of the various system designs, how they worked, how they 
didn't worked, and the impacts these designs have left on us today. The students appear to really enjoy anecdotes 
about the ancient Greeks and Egyptians, especially when we discuss body image and the perception of beauty 
further along in the course. In addition, the origins of certain terms such as narcissism, holds a particular_ fascination 
for them. 

As an aside, I have discovered 'that using literary examples also goes a long way toward helping the students 
understand various aspects of ergonomics. For example, when discussing the section on job demand, capacity, and 
performance (Kraemer, p 146) it helps to lay out the text material in terms readily understood by the students. In 
this particular case it makes much more sense to the students to lay it out in terms of: do what you're good at, do 
what you like doing, and don't do too much of it. And, the best way to explain this is to use the story of Willy 
Loman in Arthur Miller's Death of a Salesman (1949) as an example of what happens when these fundamental rules 
are ignored. 

SO DOES THE "RUBBER MEET THE ROAD"? 
The process discussed, with all of its accompanying in-class accoutrements, works well most of the time. There are 
always those students who either cannot, or will not, make the effort to take this course in the spirit in which it is 
presented. This is unfortunate, as the course is unique within the curriculum of the school in which it is being 
offered. 

This method is by no means the alpha and omega of teaching ergonomics. And, done right, it can be quite 
challenging and very demanding on the instructor's time and energies which, due to the nature of our academic 
programs and the fact that we all have a '-'multidisciplinary" teaching schedule, are extremely limited. But it is an 
approach that seems to work and is, at the same time, exciting and enervating as it deals o/ith a subject that is ever
changing and constantly evolving based on emerging technologies and new demands on and by the human user. As 
such, the course must change for each offering, based not only on the external environment, but also on the varying 
nature and personality of each new incoming class of students. As in all my courses, it is one subject that is never 
taught the same way twice and probably never will be. 
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ABSTRACT 
Increasingly, companie~ and organizations are involving users in their web development projects to help get a better 
understanding of the content and usability needs of the users. This paper reviews the methods for user involvement, 
and describes how population definition and task pre-definition influence the methods used for u~~r involvement 
through the Task-Time-Population (TTP) Model ofUser ·Involvement. Survey data was collected, relating to the 
methods for user involvement in 149 web development projects. The challenge of cost-justifying user involvement 
in web development projects is discussed, and suggestions are made for quantifying the value of user involvement. 

INTRODUCTION 
It is well-accepted that it is important to include end users in the development process when building information 
systems [6]. User involvement ensures that the information system being built will actually meet the needs of the 
·end users. However, frequently, users are not involved in the development of web-based systems. This can lead to 
numerous problems, such as web Sites that do not offer content that the users are interested in, or a web site that is 
difficult to use. 

There are many approaches to user involvement in the development process. In addition, no two web sites are the 
same. Rather, web sites have different missions, user populations, task goals, and levels of complexity. Choosing an 
appropriate strategy for user involvement can be a challenge. Another challenge can be to cost-justify the involve
ment of users in the development process. The free-wheeling dot-com market of the late 1990s is no more; rather, 
budgets are tight and carefully monitored. Those in charge of web development projects (with titles such as project 
managers, user interaction managers, and information architects) must frequently justify the cost of getting users 
involved in web development. The purpose of this paper is to introduce the various methods of user involvement, 
and how they can be implemented in different types of web sites. A survey was developed to determine which 
methods for user involvement are most popular and the results of that survey are presented in this paper. Cost-
justification models will also be presented. · 

GETTING USERS INVOLVED IN WEB SITE DEVELOPMENT 
There are many different lifecycles for developing informational systems. For instance, the Systems Development 
Lifecycle (SDLC) is the most traditional model [6,22]. In this model, users are involved at various stages of the 
systems development. This model usually refers to information systems that are being developed for a well-defined 
set of users within an organization. Other informational systems being built are designed for larger market appeal, 
and the goal is to make a software product that large quantities of consumers :will purchase. For instance, 
Microsoft™ regularly involves users in developing products such as Windows XP™ and the new XBOX™ game 
system. Web sites come in various forms, with different audiences. and target user populations. Only a portion of 
web sites are built for traditional, mtemal org1:1nizational user populations. In addition, web sites are rarely "sold" as 
products, and only a very small percentage of web sites (such as the Wall Street Journal) collect feei:; for simply 
accessing the site. Population definition can be an important factor in determining user involvement. 

User Population Not Well-Defined 
The approach to involving users in web site development may differ based on what type of web site is being built or 
redesigned. It is important to determine the targeted user population of a web site. Some web sites, such as news 
sites (Washingtonpost.com, cnn.com), search engines ( al ta vista.com, google.com) and e-commerce sites 
(amazon.com, ebay.com) are targeted towards the entire population of web users. The users of these sites do not fit 
a single profile, rather these users are as diverse as all the users of the WWW. 

The level of user involvement needed in the development process corresponds to the pre-definition of user tasks. For 
instance, the user tasks for an e~commerce site or a search engine are relatively clear. In an e-commerce site, the 
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users want to find out information about products, and then possibly purchase those products. For news web sites, 
such as the Washington Post, the majority of tasks are related to news stories, which in many cases are based on the . 
paper version in the newspaper. The goal and task of a newspaper has a well-defined tradition, although some 
additional tools, such as chat rooms, might be added. W eh search tools are designed to search large information 
spaces, however, the methods of searching are generally well-known from years ofresearch in library science [12]. 
In these types of web sites, the tasks tend to be well-defined, and the user population tends to be broad. 

User Population Somewhat Well-Defined 
Outside of very popular websites that are geared towards the entire population of web users, for many other web 
sites, the targeted population of users narrows. As the target population narrows, the required tasks are more 
specific, but it may not be totally clear without user involvement what those tasks are. For instance, it's relatively 
clear (based on 20 years of research on user searching behavior) what users want from a search engine. It becomes 
less clear what users want from a web site for, say, undergraduate students who are Mathematics majors. These 
types of web sites, with a more narrowly defined user population, tend to be informational or community-based. In 
these types of sites, it becomes not only important to build a site that is easy to use, but also, you first must do 
requirements gathering, to determine what tasks users would want in a site [8]. The site might be easy to use, but the 
tasks ·that the users want to perform ( e.g. retrieving certain types of information) might not be clear beforehand. On 
the other hand, requirements gathering tends to be a bit easier, since the user population is more well-defined. The 
targeted users are usually people within a certain profession, or people that have a specific interest, membership, or 

· affiliation. Therefore, it is usually easier to access users for requirements gathering. An example follows, of where 
the user population is somewhat well-defined, but the tasks requested by the users are not pre-defined. 

Example: _ 
The College of Science and Mathematics (CSM) is one of six colleges at Towson University. A re-design for the 
CSM web site was planned for Fall 2001. Surveys were created and distributed among the faculty, staff, and 
students in the college, to help determine , the task needs of the users. What are the user tasks of a college-wide web 
site? The tasks are not well-defined, before user involvement. A representative sample of surveys were collected 
(>70), with most respondents indicating that they did not visit the CSM web site _on a regular basis. When asked 
what content they were interested in, most of the responses were asking for content that was not currently-on the 
web site. For instance, survey respondents were most interested in lists of college-wide committees, and minutes of 

• · previous college council meetings. Neither of these resources had been previously available on the CSM web site. 
Redesigning for improved usab1lity would not have drawn more people to the web site, because even if it was 100% 
usable, the information that was there was not what people wanted. It was critical to consult the users to determine 
their task needs. 

User Population Very Well-Defined 
There are some circumstances where the user population is very well-defined. For most internal, organizational 
informational systems, the user population is well-defined, because only certain users (or user groups) can have 
access to organizational data. In addition, software is also built for workgroups that must access shared data across 
different organizations (extranets). Some of these corporate applications are actually delivered through web 
browsers. For instance, corporate intranets or workgroup software can be accessed via a web browser [7]. To access 
the information, users must have a valid password. This is a well-defined population, where the borders are clear 
between users and non-users. Identifying users to be involved in the development process is not hard, since all users 
will need to be assigned usemames and passwords. While this is a well-defined population, this can be anything 
from a population of IO users to a million authorized users. Even if we know who the users are, there can be 
multiple user groups, and a diverse set of needs. The challenge in this case is not defining who the users are, but 
rather, what tasks need to be performed by the users. For real-time work, there are a muhitude of tasks that the users 
may need: searching databases, chat rooms, shared whiteboards, schedules, shared data stores, etc. For an 
intranet/extranet to be successful, these user tasks must be determined. Therefore, an organizational information 
system delivered via a web browser has a very ~ell-defined user population, but the tasks are not well-defined in 
advance of site development. This is the exact opposite of a web site such as a search engine. 
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USER TIME INVOLVEMENT 
Theoretically, it would be ideal to have users involved with every moment ofsystems development. In this model of 
u_ser participation, called participatory design, users are involved, as members of the design team [17]. Realistically, 
users are busy people, who don't have much time to give, and the costs of user involvement can be prohibitive. 
Therefore, users may be most willing to give their time for systems development when they feel that it will benefit 
them the most. Users will receive the most benefit of being involved with development when they are using a web 
site/system frequently, either for long periods of time, or for many short periods of time. The types of web sites 
where users tend to spend the longest amounts of time include web-based applications, organizational intranets, and 
extranets. These are the web development projects in which users will be likely to receive the most benefit from 
being involved in the development process. 

TASK DEFINITION 
Task analysis is an important first step in determining what level of user involvement in appropri~te for a web site. It 
should be analyzed to determine what is known about the· tasks that users want to complete before development ( or 
re-development) of web sites. The tasks that users engage in, tend to be predefined for web sites that appeal to large 
audiences. For instance, it is well-defmed, in advance, what tasks users want out of a search engine, news site, or e
commerce site. In contrast, understanding the tasks users will engage in requires greater analysis when web sites 
target a more focused audience. It is not pre-determined what tasks the users want for, say, a web site for 
anesthesiologists or a distributed work team. 

Web sites that appeal to the largest user groups (such as e-commerce sites, search engines) tend to have the 
most pre-defmed tasks. The goal of a user, when interacting with a search engine, is to find information on a specific 
topic. The goal of a user when interacting with an e-commerce site is to browse for, and possibly purchase a product 
(assuming that the e-commerce site has a product that the user wants, at a price that the user is willing to pay) 
[10',20].On the other hand, the web-based sites that have a very narrowly-defined user population also tend to have 
the least pre-defmed task definition. What tasks on a corporate intranet are the users in need of performing? There 
could be tens, or hundreds, of tasks that the users want to successfully complete on an intranet. This illustrates the 
need for even more user involvement. 

SPECTRUM OF USER INVOLVEMENT · 
There are many different ways to get users involved in a development process. Users can be involved in 
requirements gathering, using techniques such as surveys (paper, electronic, or phone), focus groups, interviews, or 
card sorting. Users can be involved with testing, through some sort of usability testing, based on completed 
interfaces, prototypes, or even paper prototypes. At the other end is participatory design, where users become 
members of the design team, being involved with every stage of development. 

The amount of user involvement that is appropriate, is presented in the task-time-population model of user 
involvement. Figure 1 presents the task-time-population model of user involvement. The idea of the model is that 
there is a relationship between the pre-determined task structure, the population defmition, the user involvement 
needed, and the amount of time that the users will give to the development proJect. The more clearly defmed the 
user population, the more time that the users spend on the site per day, and the less pre-defined the task structure, the 
more user involvement is needed for successful web development. Users will likely be willing to spend more time 
on web development projects that benefit them more (such as Intranets), and these are the projects with the least pre
defined task structure, where user input is needed the most. Web development projects where the user population is 
broad and not well-defined (such as search_ engines and newspaper web sites) also tend to be the site_s where the task 
structure is well-defmed and clear, and u~er involvement is not needed as much. This model can help those involved 
in managing web developinent projects with determining what level of user involvement is appropriate. 
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Figure 1. Task-Time-Population (TTP) Model of User Involvement 
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RESEARCH METHODOLOGY 
To learn more about which user involvement methods are most popular, a survey was developed, asking people who 
have led recent web development projects about which user involvement methods were utilized. The survey was 
developed by the researchers to be used for both new web site development and sites that were re-designed. The 
survey asked about all known methods for user involvement in project development, both direct and indirect 
methods. The survey was first distributed at the ACM Conference on Human Factors in Computing Systems (CHI) 
conference in April 2002. At the CHI conference, 22 surveys were collected. The same survey was then placed on 
the web ,and surveys were collected over the next few months. Utilizing both paper and web-based versions of a _ 
survey is a proven method for increasing survey responses while improving the overall validity of the response [11]. 
Responses from those responsible for web site development were requested via listservers representing a number of 
different communities: human-computer interaction, computer science, information systems, library science, and 
software engineering. A total of 149 surveys were collected. 

RESULTS 
Due to page limitations, a copy of the survey could not be included in this paper. Ple1ase e-mail jlazar@towson.edu 
for a copy of the survey instrument. The first survey question related to the job responsibility (or responsibilities) of 
those responding to the survey. The survey responses came from: Information Architect (84), Usability Consultant 
(78), Interaction Designer (61), Project Manager (58), Researcher (52), Web Programmer (36), Educator (27), User 
Services (12). Other respondents indicated that their job responsibilities included librarians, user-centered design 
specialis_ts, and technical writers. In addition to the nature of the job responsibilities, respondents were also asked 
about the nature of the web development project. The web development projects represent all types of possible 
projects: Informational sites (84), educational-related sites (41), E-commerce sites (37), Organizational intranets 
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(34), community-based sites (34), organizational extranets (16), and entertainment-related sites (12). Based on the 
data from these two questions, it is certain that the survey responses represent the many possible job responsibilities 
and many possible types of web development projects. Please note that all questions were listed as "check as many 
that apply," so numbers ofresponses per question may add up to more than 149. 

Question 2-asked about the specific methods used for user involvement in web development projects. The results are 
in table 1. The most frequently cited methods of user involvement were usability testing (94), interviews (72), 
surveys (electronic, paper, and phone, 65), and informal feedback via e-mail (56). Participatory design is also 
starting to be used frequently for designing web sites (42). 

Table 1. Methods of User Involvement 

!NumbetjUs~~):;~~.; ~ment.Method . ·· ,st~g~_pf~ 
lor · I . !Development 
~~ I 
~4 r sability Tes~ing: Usa~ility testing is a method by _which users of a product arelLate~stage 
l iasked to perform tasks m an effort to measure and improve the product's ease- -~ 

~of-use. 
l72 
I 
56 

'65 

~2 

j34 . 

I 
133 
l 121 
! 

15 

11 

i3 
L 

!Interviews: Interviews are formal events ~ her~ ~~~rs are ~slced a structured arly-stage 
'series of questions. 

eedback via E-Mail Late-stage . 

iJ>articipatory Design: Participatory design is when users actually become a p ~ I-stage 
lof the desiS!! team, and take part in all decisions relating to the desigr.i process. I 
iFocus Groups: During a focus group session, the facilit~tor may ask"'q~ -e-st-io_n_s-<!'-IE-a_rl_y--s-t-ag_e __ ---1 

labout how users do things, what they have done in the past, and what they ~ 
lthink the would do in certain situations. 1 
1Card Sorting: Card sorting is a categorization method where users organize iLate-stage 
' i ;index cards, depicting various web content, into categories. This helps guide ! 
hhe organization of content Qn a we.~ site'. ....... .. _ .. .. . . . ... . . . . . _ . . . J 

_ J~lectronic Surveys: Surveys distributed via we~ p~ge.s or e-mail . !~ arly:-~~ge. _ 
IEthnography: Ethnography is when users are observed in their work settings, !Early-stage 
1 o hel determine their usabilit requirem~nts. _ . ~ 

_ : aper Surveys: Surveys are a list of questions, where users record their ~ arly-stage 
ifesponses. The questions can be closed-ended or open-ended. :i 

1 aturalistic Inquiry/ Contextual Inquiry: Contextual inquiry is a structured ~Early-stage 
jfield interviewing method, with the goal of understanding the context in which ~ 
b sers will use an informational system. i 
, hone Surveys: Phone surveys are ad hoc interviews with users over the IEarly-stage 
! hone, where a set list of questions is asked and the users' responses recorded. 1 

!Phone Usability: Phone usability is a remote data collection method in a 30- ~-Lat.e-:stage 
~ nute phone intervi_ew while looking ~t a P.r<lto~ ,,_e_ on_ th_e_I .... n_te_rn ___ et_. ___ ......_ ___ """'""'_--'-'~ 

The next survey question deals with methods for indirectly incorporating the user into the development process. 
Table 2 reports the results of 9th~r indirect methods of user involvement in web development projects. Heuristic 
review, where an expert reviews an interface using a short set of usability heuristics [15], was the most frequently 
cited indirect method of incorporating user needs (78 respondents reported using it in projects). In addition, 73 
respondents reported using user profiles. The heuristic review was cited more often then other types of expert 
reviews, including the consistency review (51) and the guidelines review (44), most likely because a heuristic 
review consists of only a short set of rules or guidelines, and therefore is relatively quick and inexpensive to 
perform. Automated usability software tools (such as Lift, PageScreamer, and InFocus), which examine a user 
interface looking for usability problems, were only cited as being used in 21 projects. This might be due to the fact 
that many tools are expensive, flawed, and report incorrect findings [9]. 
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Table 2. Indirect methods for incorporating user needs into the development process 

!Number ~Indirect Involvement Method 
k>f ~ 

Stage of 
'Development 

]Projects i! 

rs 
l 

i51 
; 
i 
l 
! 

~4 

j21 
j. 

i 
1 

~ euristic Review: A heuristic review is when a group of experts examine · '. Late-stage 
I.an interface and ev~luate each element of the interface against a list of 
icommonly accepted principles--heuristics. 
ilJser profiles: A user profile is a collection of data about the users and their ,Late-stage 
~demographics, used to help understand the needs of the users, and build ; 
~interfaces based on those needs. 
;consistency Review: Consistency reviews are when usability experts , Late-stage 
~examine a series of interfaces to check that they all have common layouts, 
~colors, and terminology. 

jGuidelines Review: A guidelines review is similar to a heuristic review, ,Late-stage 
~except that a heuristic review uses a short set of heuristics, whereas a 
~guidelines review uses a much larger set of guidelines ( e.g. 20-200 
~guidelines). 
~Automated Usability Testing: An automated usability test is when :Late-stage 
linterfaces are checked against a set of usability guidelines by a software 
~application (such as LIFT, WebSAT: Bobby, or InFocus). 

Based on the data collected, the instances of user involvement were organized into the stage of development that it 
took place. The results are in figure 2, which shows the instances of user involvement, organized by the stage of 
development. Based on the figure, it' is clear that there is much more involvement in late-stages of web development 
(454 instances ofuser involvement) than in earlier stages (210 instances of user involvement. The task-time
population model of user involvement predicts higher levels of user involve.ment in later phases of development. 
These results therefore provide some preliminary support for the model. 

600 

~ fl 400 
a, C 
.0 s 
§ ~ 200 
z ·-

0 

User Involvement in Web 
Development Projects 

I • Late-stage ■ Ear1y-stage □ All-stage j 

Figure 2. Instances of user involvement organized by stage of web development 

COST-JUSTIFICATION OF USER INVOLVEMENT 
Relating to the last question on the survey, only 14/149 respondents reported that they incorporate return on 
investment metrics related to user involvement in their web development projects (the terms cost-just1fication and 
return on investment are used by different populations, but convey the same concept). In an ideal world, money 
would be available to complete any project that seems interesting. In the real world, it is frequently necessary to 
provide justification for funding specific projects. However, only approximately 10% ofrespondents reported cost
justifying the user involvement. This is an interesting paradox, because most types of projects, including information 
systems projects, require a cost-benefit analysis. An information system will not be built unless there is some 
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. expected benefit for the company. At the end of an information systems project, there is a completed product- a 
· piece of software; a local area network, or a web site. When additional funds are spent on user involvement, there is 
no additional product built. The costs of the user involvement instead are reflected in a better system. This can be 
hard to quantify, and therefore, it can frequently be hard to convince people -of the benefit of user involvement 
[3,21]. Those who want to see more user involvement must be prepared to explain to others why user involvement is 
important, to quantify how user involvement can help, and to prepare a cost-benefit analysis of the user 
involvement. 

The costs for focusing on user involvement and usability are relatively easy to measure. For instance, for 
requirements gathering, there is the cost of preparing and copying surveys, postage costs for mailing the paper 
surveys, paying users to take part in interviews or focus groups, and the time of employees who will manage all of 
these activities. These activities might be carried out by internal employees, or by an external consulting firtu that 
specializes in user-centered activities. The same holds true for usability testing activities, in which the costs are to 
purchase, rent, or use usability equipment, to pay the users to_ take part in the usability testing, and the cost of 
employee time to manage these activities [15]. 

The benefits of user involvement in a project are much harder to measure. User involvement usually ensures a better 
interface, which allows users to complete more tasks in a shorter amount of time, with a higher level of satisfaction 
[2,3]. These can be hard to measure. In addition, there can be other benefits, such as word of mouth advertising, 
higher numbers of page visits, and repeat visits by the same users. All of these are hard to measure, and especially 
hard to link to the increased user involvement. Furthermore, it may be possible to measure these benefits after a 
system has been implemented, however, the challenge to the interaction designer is to estimate the benefit of user 
involvement before it ever takes place. Estimating is used in a classic cost-justification model for usability [3]. In 
this model, the justification for usability testing is made on the fact that, say, a certain screen was viewed over 2,000 
times a day by various employees in the organization. An estimate is made that, say, usability testing would improve 
the user task processing time of each screen by 1 second. The 1 second savings is then multiplied by the number of 
screen that a user views per day, multiplied by the number of users, multiplied by the number of business days in a 
year. It is possible that a 1 second savings in one screen would actually save over 300 hours a year. The actual 
formula follows: 

The number of _seconds saved per screen * number of screens per day * number of users * number of days per year 

COST-JUSTIFICATION OF USER INVOLVEMENT IN WEB SITES 
In this usability cost-justification model, the assumption is that an application is being built for a well-defined set of 
users within an organization. This type of cost-justification model can still apply to the organizational information 
systems that happen to be deployed through a web browser, such as an intranet. However, it becomes harder to 
measure the benefits of usability when the information system is a public web site and therefore fits a number of 
characteristics [ 14]: · 

• The web site is being built for a distributed population 
• The web site is not an application that is used the entire day 
• The web site is not being built for the internal users of an organization, but rather users outside the 

organization 

In responses to this survey, affirmative answers to the question "Did you incorporate usability return on investment 
(ROI) metrics in the analysis of this project?" were few. Only approximately 10 % ans_wered yes, and the reasons 
given for not using cost-justification metrics confirmed that tracking and measuring success is both time-consuming · 
and costly. S-ome ofthese reasons reported by respondents, for not using cost-justification metrics, follow: 

• Formula not watertight. 
• These are tough to identify. 

· • Wasn't tracked. 
• In progress. 
• Tried to, but concrete ROI data for IT projects, particularly web and IA related projects, is virtually non

existent 
• Not authorized by client (management) to spend much time on this effort, which is on hold now for. 

"political" and budgetary reasons. 
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• In all future sites internally we will include the numbers for ROI 

When respondents were asked to "describe the type of metric tracked for this project," the easiest metrics to track 
were listed: · 

• User Log (7) Traffic, time spent on site, page views per session, number of new users, system usage 
(number of files shared, number of files created, etc.) · 

• Cost and Time ( 4) Revenues 
• Task completion. (7) · 
• None (6) 
• User-acceptance (3) 
• Number of successful search requests. (2) 
• Dollars forgone - cost of poor design 
• All work to date has been entirely qualitative for this project with focus on ease of use 
• Lots of quantitative & qualitative data 

· The most common sentiment is that the development team intends to track the ROI, but runs out of time or funds 
and the priority moves lower in the project plan. Although proving the ROI of involving users is important to 
development teams, it is rarely budgeted. Even for discount usability efforts like phone usability testing with results 
in 16 hours [16], there is often an inability to add time to compare data from a previous round of user testing. There 
are extra steps to cost-justify a usability engineering plan to show ROI and it is crucial that both staff time and 
budget is allocated sufficiently: 

• create a usability engineering plan 
• specify particular techniques to employ for each lifecycle task 
• break the techniques down into steps 
• add the personnel hours and equipment costs for each step 
• total the cost for each task by multiplying the number of hours for each type of personnel by their 

hourly wage (loaded) 
• add any equipment and other costs to figure the total cost for the plan 
• identify the benefits and calculate expected benefits by plugging project-specific parameters and 

assumptions .in to benefit formulas, and summing benefits across categories. [14]. 

Some web development organizations measure both qualitative and quantitative ROI metrics. Buchanan and 
Lukaszewski (1997) separate data into three types of measurements: raw, composite, and impact [4]. Raw measures 
are the easiest to collect since they exist in server and log files. Consolidated measures rely on summative analysis 
of raw data for average purchase cost, for example. Impact measures are based on formulaic analysis of consolidated 
and raw measures in order to show cost and benefit. More specific information on quantitative measures is outlined 
in Buchanan and Lukaszewski [4]. This may help to reframe for some development teams the level of effort 
necessary and the amount of data required to track, analyze and prove ROI of involving users. 

SUMMARY 
The survey results confirm that the majority of organizations are involving users in their web development projects. 
and there are many benefits associated with these actions. While it can still be a challenge to measure the return on 
investment (ROI) of user involvement, it is clear that user involvement does improve the user experience in 
measurable ways. The up front cost and diligent advanced planning and strategic analysis of composite measures of 
user experience are essential for dispelling these myths and for proving that usability is, indeed, cost justified. 

In addition·, there are two trends that are increasing the importance of user involvement in web development: 
accessibility for people with disabilities, and hand-held devices. In terms of web accissibility, much of the 
heightened awareness in this area is due to the formation of the Web Accessibility Initiative (W Al), which was 
founded to lead the Web to its full potential with respect to promoting a high degree of usability for people with 
disabilities. The WAI recognizes that the Web presents barriers to people with different kinds of disabilities. More 
specifically, people with visual disabilities encounter problems with unlabeled graphics, and video, poorly marked
up tables. or frames, and lack of keyboard support or screen reader compatibility. People with hearing disabilities 
encounter, for example, a lack of captioning for audio, and a proliferation of text without visual signposts. People 
with physical disabilities encounter a lack of keyboard or single-switch support for menu commands, and people 
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with cognitive disabilities encounter a lack of consistent navigation structure, overly complex presentation or 
language, a lack of illustrative non-text materials, and flickering or strobe designs on pages. Examples of solutions 
to these problems constitute accessible web design and include, but are not limited to, multi-modalities, redundant 
text/audio/video, and captioning. Research and development in the area of accessible web design is ongoing, and is 
fertile ground for advancement and innovation. Current guidelines for web accessibility are available at 
http://www.w3.org/wai. Most recently, the U.S. Government has required their government-sponsored web sites to 
be accessible for people with disabilities. More information about the Government requirements is available at 
http://www.section508.gov. Unfortunately, despite these efforts, recent studies point out that large percentages (70-
98%, depending on the category of site) of web sites are not accessible. For instance, in recent studies, private and 
non-profit web sites [9], for-profit commerce web sites [19], U.S. state web sites [5], and even U.S. Federal web 
sites [18] were f~und to have major accessibility problems. 

Another future direction is web connectivity in portable devices such as cellular phones and personal digital 
assistants. There are many challenges related to usability and content in these devices, which only increases the need 
for user involvement [13]. When designing for smaller screens, much smaller connections, and smaller input 
methods (such as a numeric keypad instead of a full keyboard), usability is even more of a concern. In addition, the 
interaction styles, and the user tasks, for portable devices simply cannot be·transferred from the desktop [l]. Users 
do not want to perform the same tasks on a desktop computer as they do on a portable device. Therefore, it is very 
important to determine what tasks users would want to perform on a portable device, and how they would expect to 
perform such tasks. More user involvement, and more testing, is especially important since many portable devices 
are sized differently, offer different interaction styles, and different types of input devices. Users may come to a new 
portable device with no experience, unsure of how to properly operate the device and access web contentvia the 
device. 
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LEAN OPERATIONS VS. SIX SIGMA 

Nael Aly, California State University, Stanislaus 
Steve Montes, Simpler Consulting, Inc. 

ABSTRACT 
Many organizations in a wide range of industries are finding themselves confused, and therefore, 
sometimes misdirected as to the road to take towards World Class Operational Excellence. Many choose 
either Six-Sigma or Lean Operations as their strategy. Unfortunately, some organizations find themselves 
mystified as to whether they had selected the right strategy. This paper will discuss the relationship 
between these two strategies and explain their linkage to each other in the journey toward Wor\d Class 
Operational Excellence. 

LEAN OPERATIONS 
Lean Operations is one of the basic fundamentals of world class production. Lean Operations is about 
· speed, or reducing lead times by eliminating non-value added st~ps and the associated waste. The emphasis 
here is on speed and flexibility which embraces much of the Just-in-Time methodology. The focus is on 
continuously striving to cut flow time, distance, start up and changeover times all along the chain of 
customers. This can be done by training employees and workers, working on cross-functional teams and 
utilizing Industrial Engineering and principles of motion economy techniques. Lean operations are -integral 
part of the Toyota Production system (TPS). 

In the quest to produce, efficiently, quality products and services, many lean operations tools, and 
procedures have been developed and implemented by many world class organizations. Melnyk, and Swink 
[4], suggested that these techniques can be classified according to their area of primary management 
impact; facilities and resources, scheduling and control, and process improvement. 

Facilities and Resources Tools 
The way by which the facilities and work force are i:nanaged is very critical to implementing lean 
operations approach. The issues involved are: Teaming up with Customers and Focused Factories, Cellular 
Manufacturing, Total Productive Maintenance, and Worker Cross Training, and Flexibility. 

1. Teaming up with Customers and Focused Factories 
Taking customer focus and involvement to·a higher level, world class companies are not only including 
their customers and client representatives in multi-functional project teams, but they are even organized by 
families of customer needs instead of products. Even the production facility is reengineered into different 
customer-focused production units. This allows companies to dedicate the necessary resources needed to 
satisfy their main customers. 

2. Cellular Manufacturing 
Cellular manufacturing is used to gain the benefits of product layout in job shop kinds of production. Parts 
are grouped into families using a computerized parts classification and coding system. Each family 
consists of parts similar in weights, shapes, and processing requirements. Dissimilar machines are grouped 
into cellsi where each cell will be dedicated to produce a family of parts. Some of the advantages of 
Cellular Manufacturing are; improved work flow, reduced lead time, less materials handling, less work-in
process; increase productivity, and more efficient operations in general. 

3. Total Productive Maintenance 
Total Productive Maintenance is the most effective and comprehensive system of equipment maintenance. 
It emphasizes prevention, and.every day maintenance where operators are responsible for all but the most 
complicated maintenance on the machines they operate. 
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4. Worker Cross Training, and Flexibility 
Continuous improvement is never achieved without giving great attention to the workforce. Employees 
and workers play a vital role in building quality into their products using SPC tools. They work in teams 
and provide valuable ideas for continuous improvement. Workers.on the line are now expected to be able 
to collect and display process data and maintain their own machines and equipment. In addition, workers 

· flexibility to do multi tasks helps the company to become more agile reacting faster to customers demands 
and needs 

Since employees contribute in many ways, they should receive adequate training and rewards and, &lso, 
become involved in strategic planning and continuous improvement (Kaizen) teams. The management of 
lean operations' companies is strongly committed to train employees continually in process improvement 
methods and job skills. In addition, they continuously work on upgrading their employees' health, safety 
and security. Furthermore, they expand the variety of rewards, recognition, pay and celebration to match 
the expanded variety of employee contributions. Failure to develop, protect and fairly reward human 
resources is wasteful of the companies' prime asset. 

Scheduling and Control Tools 
An important component of the Lean Operations systems is an efficient and simple production planning 
· and control activities. These activities synchronize the flow of materials through the supply chain, and 
guarantee faster response to customers and the ability to produce high quality products efficiently. This can 
be done by utilizing Uniform Plant Loading, Synchronized Manufacturing and Takt Time, Quick Setup 
Times, Simple Operations Control, Kanban (~ull) Control System, and Statistical Process Control. 

1. Uniform Plant Loading (Mixed - Model Assembly) 
Set production rate for the month equal to the expected demand rate for the month. 
Produce daily rate based on the· monthly rate. Each day a mix of the models is produced in short repetitive 
sequences, so that each model is frequently repeated in proportion to its relative demand. Workload in each 
work center remains uniform within a day and for each day of the month. This will provide a smoother 
response to the variable customer demands. 

2. Synchrol)ized Manufacturing and Takt Time 
The snarl of uncoordinated, unsynchronized flow paths that characterized yesteryears' operations are out. 
In comes synchronization for main deliverables and ultimately for everything with the ultimate in low
overhead simplicity: make the part in the same quantity every hour of every shift in a dedicated cell with no 
material handling, no storage, no work orders, no job set ups (or minimal setups) and no tracking in-process 
labor or work in process. The hourly quantity is a smoothed representation of the downstream usage rate 
and changes no more often than monthly. The rate extends backwards to suppliers, who realize the same 
benefits and who deliver right to the point of use [5]. One tool to synchronize the rate of production with 
the rate of customer demand is to use T AK.T Time. T AK.T Time identifies the rate, in units of time, at 
which a company must produce to keep supply balanced with demand. 

3. Quick Setup Times 
Quick setup and changeover times are essential to allow flexibility and facilitate the Just in Time 
operations. This makes using small lot sizes feasible. Emphasis is on continuously reducing set up times, 
reaching Single - digit setup times .to ultimately being capable for one touch setup. 

· 4. Simple Operations Control 
Lean manufacturing reduces the need for a complex operations control systems. It cuts number of parts, 
design changes, inventory transactions, .schedule changes and work orders. Visu~l management of root 
causes replaces management by aggregated reports. TPM communication boards are displayed everywhere. 
They list "autonomous" maintenance schedules, record downtime and minutes of maintenance meetings, 
monitor maintenance calls, and specify lubrication and inspection points. Operators maintain their own 
equipment and keep everything spic- and-span. Everything is labeled, even coat hooks. Painted silhouettes 
of brooms, mops, and other cleaning implements show where to hang or clamp them to the wall, and all are 
neatly placed in designated places when not in use. 
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5. · Kanban (Pull) Control System 
Kanbans are being used simplify production and planning control activities as well as to move materials 

· between processes and from suppliers. Kanban is a ticket, card, or sign board that authorizes the movement 
or production of specified item in a specified quantity from a specified supplier to a specified user location. 
Kanban must travel with parts, and no Kanban means no production. Kanbans are essential to accomplish a 
pull system, where authority to produce or supply comes from downstream operations. 

6. Statistical Proc_ess Control 
To produce quality products, Lean operations rely in managing processes with Statistical Process Control 
• (SPC). Employees and workers in Lean operations systems are the ones responsible for controlling and 
improv_ing quality using SPC tools such as ch~ck sheet, fishbone charts, Pareto charts, and controlicharts. 

Process Improvement Tools 
· The third set of Lean Operations tools provides means for identifying, and eliminating problems as well as 
establishing an environment conducive for continuous improvement. These tools include Waste 
Elimination and Good Housekeeping, Seek Simple, Flexible, Movable, Low Cost Equipment; Continuous 
Improvement, Poka-Yoke (fool proofing). 

1. Waste Elimination and Good Housekeeping 
Before rushing to buy the next generation of costly equipment and automation, world class companies first 
invest in getting the best out of its current machines and technology through TPM. In addition, efforts are 
directed toward improving the cost-efficiency of their human processes. This is done by waste elimination, 
process simplification and standardization as well as good industrial house- keeping. Waste is defined as 
the "seven mudas." It includes unnecessary motion, waiting, inventory, conveyance, unneeded processing, 
over production, and correction. All efforts are directed to eliminate all types of mudas. Good industrial 
housekeeping is practiced using the 5 S process. The 5 S (sweep, sanitize, sort, straighten and sustain) is a 
standardized process by which a safe, healthy and productive work environment is developed and 
maintained. The primary objective is to instill order, understanding, and standardization into the system. 

2. Seek Simple, Flexible, Movable, Low Cost Equipment 
Traditionally, manufacturing engineers, making decisions regarding capital equipment, prefer to select a 
fast, complex, monster machine than a simpler and smaller one. This decision ignores the major problems 
of buying complex machines such as: complex set up and lengthy changeover time, large lot production 
which increases inventory, costly equipment that cannot sit idle, complex maintenance, and most 
importantly, it cannot be dispersed and owned by teams operating multiple customer- or product-focused 
units. 

The ideal is affordable equipment in multiples. Affordable usually means smaller and easier to set up, 
maintain, and relocate, which is increasingly important as product life cycles continue to shrink. To be 
highly customer responsive, the equipment must be flexible -- either quick-change or no change. 

3. Continuous Improvement (Kaizen) 
Continuous Impr~>Vement (Kaizen) means gradual and orderly continuous improvement 
The focus is on small, gradual, and frequent improvements over the long term with minimum financial 
~ves_tment, and .participation by everyone in the organization; top management, managers, and workers. · 

When everyone commits to small improvements on an ongoing basis, the total effect is significant. 

4. Poka-Yoke (Mistake-Proofing) 
Poka-Y oke is an approach for mistake-proofing processes using automatic devices or methods to avoid 
simple human or machine error, such as forgetfulness, misunderstanding, errors in identification, lack of 
experience, absentmindedness, delays, or malfunctions. 
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SIX SIGMA 
Six Sigma can be described as a business improvement approach that seeks to find and eliminate causes of 
defects and errors in manufacturing and service processes by focusing on outputs that are critical to 
customers and a clear financial return for the organization. Six Sigma philosophy emphasizes management 
commitment, people involvement, fact-driven approach, and the use of statistical methods for problem 
solving and error reduction using DMAIC, a structured problem solving approach. DMAIC (Define, 
Measure, Analyze, Improve, Control) is the heart of the Six Sigma strategy and, in fact, closely resembles 
Deming's POCA cycle for continuous improvement. It uses a wide range of quality improvement tools 
throughout its phases that range from simple traditional tools to the most advanced problem solving 
techniques [7]. In general, Six Sigma is a highly focused system of problem solving that seeks to reduce 
the variability present in processes. It requires extensive training followed by project team deployment and 
relies upon highly qualified process improvement experts ("green belts," "black belts," and "master black 
belts") who can apply improvement tools and lead teams. Improvement Projects are chosen based on their 
ability to contribute to the bottom line (company's income statement) and they usually seek out sources of 
waste, investigate production backlogs, and focus on customer and environmental issues. Six Sigma 
focuses on the number of defects per million as a basis for defining and assessing quality. 

Six Sigma tools include: 
· I .Basic quality problem solving tools ( or lower math) such as check sheets; Pareto analysis ; stratification 
analysis; histograms; cause and effect diagrams; scatter diagrams; and the 5 why's. 
2. Quality checks; self checks; successive checks; first parts check. 
3. Mistake proofing (zero defects techniques) .. 
4.Variation Analysis/ Control.(or higher math) control charting, design of experiments, gage reliability and 
repeatability studies, process capability (Cp, Cpk). 

LEAN VS. SIX SIGMA 
Although Lean operations and Six Sigma both promote continuous improvement, they are, as shown above, 
have their separate tools. Six Sigma is process and/or project-focused and Lean Operations is a _customer
driven philosophy with a goal to produce what your company wants with the shortest lead time. Lean 
Operations is about speed, or reducing lead times by eliminating non-value added steps and the associated 
waste, while Six Sigma is about quality, or reducing variation and the wastes associated with it such as 
scrap, rework and repair. 

It's not Lean Operations or Six Sigma, it's lean Operations and Six Sigma. Companies need to do both to 
get the full benefit of the transformation. Both aim to improve customer satisfaction levels and reduce 
costs. Both are part of the Toyota Production System, which is known as the most efficient production 
system worldwide, as shown in Figure 1. 

It is definitely illogical attempting to reduce variation on processes, which we should be trying to eliminate 
instead. Strictly speaking, in the majority of companies, the first three Six Sigma tools will provide the 
highest return on investment. Lean Operations complements Six Sigma nicely. In addition, the more the 
company becomes leaner, the more successful the Six sigma will become as shown in Figure 2. It is not 
whether we choose either Six Sigma or Lean Operations as our strategy for excellence, our strategy should 
be both Lean Operations and Six Sigma instead. 

Companies shouldn't get into a semantics battle arguing over whether Lean Operations or Six Sigma will 
provide the biggest achievement Instead, they should stay focused on the specific elements, or which tool 
to pick up and why. The Value Stream Map should be used as the guide throughJhe transformation and 
selecting the right tools to achieve the targeted results. It is important to remember that Toyota has been 
called the best manufacturing company in the world. They've achieved Six Sigma levels of quality using 
Lean Operations concepts and primarily the first three Six Sigma for quality improvement tools as listed 
above. 
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Figure 1. Lean Operations and Six Sigma Tools are Rooted in the Toyota Productions System (TPS) 

Six Sigma is a disciplined process that focuses on decreasing Defects Per Million Opportunities (DPMO) 
which supports Lean Operations' goal to reduce waste, and improve quality. Six Sigma's goal is to 
accomplish less than 3 .4 defects per million. Lean promotes re-thinking how the process is structured and 
Six Sigma promotes refining the existing process to reduce variation. 

Most quality problems can be solved via the first three Six Sigma tools listed above (namely,. basic quality 
problem solving tools (such as Pareto analysis, stratification analysis, histograms, cause and effect 
diagrams, scatter diagrams; and the 5 why's), quality checks, and mistake proofing techniques). Less than 
10% of the-quality yield problems identified during value stream analysis, or later on production control 
boards will require the more advanced Six Sigma tools such as variation analysis, control charting, design 
of experiments, reliability analysis, and process capability (Cp, Cpk). These_ advanced tools are useful in 
mqltiv.ariate problems wherein a design of experiment must be used to isolate the dependent variable from 
the independent variables and controlled within a specific parameter to achieve the desired quality result. 

CONCLUSIONS 
Lean Operations is about speed;or reducing lead times by eliminating non-value added steps and the 
associated waste. It focuses on continuously striving to cut flow time, distance, start up and changeover 
times all along the chain of customers, and improve quality of products and services. 

Six sigma is a flexible quality improvement strategy being used by manufacturer to identify and eliminate 
variation and reduce cycle time and costs. It is statistical yardstick for measuring quality. It involves the 
use of statistical problem-solving tools to gather data, measure and analyze a company's operation 
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Both Lean Operations and Six Sigma promote continuous improvement. If we get rid of waste and 
variation, we can get a more consistent process, · better quality and with less cost. Lean Operations and Six 
Sigma complements each other and form a strong foundation for a World Class Production system that 
emphasizes waste elimination, high quality, and reduced costs. The success of this system is evident in the 
Toyota Production system. This system achievedBix Sigma levels of.quality by capitalizing on Lean 
Operations principles and utilizing many of the Six Sigma techniques such as basic quality problem solving 
tools (such as Pareto analysis, stratification analysis, histograms, cause and effect diagrams, scatter 
diagrams; and the 5 why's), quality checks, and mistake proofing techniques. 
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Figure 2. Lean Operations Can Assist the Six Sigma Transformation 
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A CASE STUDY FOR THE DESIGN OF A DIGITAL LIBRARY 

Chadia Moghrabi, Tang-Ho Le and Jean Roy 
Universite de Moncton 

ABSTRACT 
This paper presents the variety of issues that had to be considered during the requirement specification, the design, 
the architecture and implementation of a multimedia digital library for the Arts-Netlantic project. Essentially, four 
main aspects were considered: the equipment, the operating system on the server, the programming language for 
dynamic web services and the database management system. 

INTRODUCTION 
The Atlantic Research Network on Culture, Multimedia, Technology, and Cognition (ARts-Netlantic CMTC) is a 
new media project with strong collaboration between three Atlantic universities in Canada, namely the University of 
Prince Edward Island, the Universite de Moncton and The University of New Brunswick [1]. The network has 
adopted some general goals regarding art and technology that .require it to consider the development of a digital 
library. These goals are: · 
- To unite individuals from the private and public sectors, representing the diverse arts, information technology, and 

culture in two Canadian provinces - PEI and NB - as a foundation for research in new media; 
- To inspire the production of new media by current and potential new media artists through shared technical 

resources and exchange of knowledge; 
- To establish a shar-ed multi-institutional digital library 

archive representing Atlantic Canadian cultural content and a culturally adaptive, user friendly interface; and to 
determine the role of culture in the appreciation and creation of new media. 

This requires that a few general questions be asked concerning anticipated methods: 
- selection of material: which documents would be digitized? · 
- choice of technology: which medium and what kind of equipment should be used? 
- how should the information be presented and how will it be stored? 
- what will be the mechanism of access be like to make a document available? [21] 

This paper will give an overview of the many aspects that had to be looked at dwing the requirements specifications. 
In each case, the pros and cons will be examined and the final decisions adopted will be viewed. Examples of diff
erent implementations in well known organizations will be given as well as the choices they took. 

FUNCTIONALITIES FOR THE LIBRARY 
One of the Network projects involves an inventory of the arts and artists in Atlantic Canada that would be available 
to the public through a Web server and eventually through a digital library. Many members of the network are local 
artists that could use the facilities for new media creations and who might want their works accessible through the 
Internet. Only samples of the artifacts would be represented in the database as a partial measure to protect the digital 
rights of artists, by assuring the highest quality possible to represent better the artifact, and to respect the standards -
of digitalization. 

Before the creation of the digital library with online interaction, here are a few choices that would have to be made: 
The operating system for the server, a Database management software, and a dynamic web programming language. 

The Operating System ; 
The first step before beginning the implementation, is to choose an operating system which in turn depends on the 
planned activities. These include: 

- User's accounts for artists working on-site 
Database 

- Web s.erver 
- Dynamic programming language server 
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Some other importani criteria to take into consideration concerning operating systems are reliability, efficiency, and 
time spent in setting up the system. Other considerations include the recycling of existing applications. In our case, 
everything should be up and running in around 5 months. The first thing that makes us hesitate to go with Linux is 
the time that we have to set up the server, install the software and develop our web site. Linux is a complex 
-operating system, which would take longer than a Windows server to install and configure to our needs [6]. The 
second reason is that we already have some work that was previously done on an MS Access Database, which would 
not be supported if we decide to use a Linux Operating System. 

Reliability is an important issue when it c~mes to servers, and Linux with its 10 years of server experience is a 
mature operating system and offers the reliability and efficiency we would like to have. Ifwe compare it to a 
windows server, this latter has to be rebooted regularly, while a Linux server can run for years without being 
rebooted. We thought that we had to consider the higher reliability with Linux before going with Windows. One of 

· the main reasons we are looking for reliability is for the on-site working artist e.g. if an artist works 10 hours on a 
project, the server crashes and the artist loses his work, will he/she come back? Probably not, that's why we need 
reliability, to. expand and to get as many artists as we can in our network. 

Another aspect to consider before choosing a server is the costs. Linux is known to be the cheapest server on the 
market. A Linux server is free to use when downloaded from the web, even if it is for commercial purposes, which 
we are not. On the other hand, Microsoft is at least a few hundred dollars for a license. Another reason why 
Unix/Linux is more cost effective, is for the availability of software licenses for free on the web. 

In our case, we also have to take into consideration the fact that the users are not all computer literate, which means, 
most of them will not have a clue on how to use Linux, but it is possible to map a Linux home directory as a 
Windows drive, which would make the use of a Linux server transparent to the users. By doing this, the 
knowledgeable users could still use the advantages of Linux by remotely accessing it, and the others could use it as 
if it was a Windows server. But that would take even more time to set it up. 

We are now at the stage where we have to decide will -it be Windows or will it be Linux. Remembering the quote 
saying "Choose your applications, then choose your platform" [6], let's look at a list of the most popular applica
tions used on servers. We can check if it is supported on the 2 operating systems considered [19], (we added JSP and 
Cold Fusion to the -list). 

Features Unix Windows · 
MS FrontPage A A 
Flash A A 
Shock Wave A A 
Real AudioNideo A A 
CGI script A A 
Perl A A 
PHP A A 
SSH A 
MySql . A 
Miva A 
ASP A 
MSAcc~ss A 
MSSQL A 
Visual Basic Script A 
Windows Media A 
Cold Fusion A A 
JSP A A 

Applications 
With that short list we can go a little further by deciding what application we need on our server. 
- We need a dynamic web programming language either PHP, ASP, JSP or Cold Ftlsion. The comments for those 

languages will be presented later in this paper. 
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- Data Base software, for now we have MS Access but we are willing to try something else if we go with Linux. 
Few more applications that are easy to obtain on both OS 

Web server requirements 
Those are the main aspects to consider, so now we have ·to decide what dynamic web programming language we are 
going to use on our server. Will it be ASP, PHP, JSP or Cold Fusion? Again, we have to determine what we are 
going to do on our web site that nee?s to be dynamically programmed before we choose a language. 

- Subscription for new artists 
- Search engine 
- Files upload to server with extension filtering 
- Select and update queries 
- Security/ Access control 

PROGRAMMING LANGUAGES 
One of our main issues here is time, that's why the first things we are going to evaluate with the programming 
languages, are the learning curves and the time of development for each language which are directly related to the 
time. · 

Language Leaming curve Time of development 
JSP AA.AAA AAA.AA 
ASP AAA AAA 
PHP AAA "AA.A 
Cold Fusion ~ A 

As seen in the table above, the hardest language is ISP due its Object Oriented nature and the complexity of the 
language itself. ISP is similar to programming in Java. 

The first thing we had to do was to study the lan.guages before we could make any conclusions. To do so, we created 
prototypes, one for each language and commented each of them as will be presented in the following subsections. 

JSP 
- The language is hard to learn 
- Very powerful 
- Lots of predefined functions to work with 
- Time of creation very long 
- The server is not stable ( Resin 2.1.11 ) 
- Supported on Linux and Windows 
- Free 

PHP 
- Strong integration with MySql 
- Fastest select query 
- Slowest update query 
- Easy to learn for experienced programmer 
- Time of creation is moderate to long 
- Very stable 
- Supported on Linux and Windows 

Created for Linux 
- Free 

ASP 
- Strong integration with MS Access 
- Slow execution due to the COM Objects . 
- Can only run on US or PWS, Windows web servers 
- . Easy to learn for experienced programmers 
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Time of creation is moderate to long 
- Integrated with HS 5.0 and higher 

· Cold Fusion · 
- The easiest to learn 
- Time of creation very low 
- Very expensive 

CHOICE OF PROGRAMMING LANGUAGE AND DATABASE SYSTEM 
Considering the time we have, we figured that we would go with Cold Fusion, because as mentioned above, the time 
of creation is really-important to us and Cold Fusion is the easiest programming language, it is almost like html. The 
main disadvantage of Cold Fusion is its price, but we already have a license for it, why not using it. The choice of . ' 
Operating system will not interfere with our language, since Cold.Fusion is supported on both.Windows and Linux, 
however, some features are not available on Linux. · 

· The next step is to decide which Data Base software we are going to use. If we use a Windows Server, there is no 
doubt that we will go with an MS Access Data Base. First of all because of its strong integration with Windows, and 
also because we already have an MS Access Data Base that we used for our prototypes. On the other hand, if we go 
with Linux, the two choices that would be considered would be MySql or Oracle. The reason is because they are the 
two Data Base software that are mostly used by professionals on Linux Operating Systems. We all know that 
Oracle is known to be one of the most powerful Data Base software, but it is also the most expensive one. MySql 
would be a better choice in our case, first of all it is free to use, and its integration with PHP cannot be put aside. 
PHP used with MySql has the fastest select query then any other system [3]. The update query are slower compared 
to the others, but as we know, 90 % of the queries are select queries. 

Cold Fusion was a better choice because of the simplicity it was giving us, but we would also like to benefit from 
the strong integration that PHP and MySql [3] would give us. That's why ifwe decide to go with Linux, we may use 
PHP instead of Cold Fusion. 

We have tested the four languages with MS Access on Windows. The four prototypes have been created and the 
testing is over, but no final decision is yet taken. · 

In the next section of this paper, we compare our project with other projects of the same nature, to help us in our 
decisions. 

COMPARISON WITH OTHER DIGITAL LIBRARIES 
We have compared our research with the ACM Crossroad project [4], which is a digital library for Computer 
Sciences educators. For their library they used a Unix server for reliability and efficiency, the 

programming language they used is PERL because they estimated it had niany string manipulation functions which 
was the best responding to their needs. They decided to use their own directory and file structure instead of using a 
Database, because they didn't want to update their system every now and than with new versions or modifications in 
the Database. In our case we had to use a Database, since the time was really important, 'arid it was more convenient 
than creating a file structure. 

Another comparison we made is with the National Science digital library which holds educational resources for 
science, technology, engineering and mathematics. They are using mostly Linux Red Hat servers, and have most of 
their work programmed with PHP. They would like to have everything on Linux and PHP and will probably make 
the transitions in the next few years. The database is implemented in Oracle, because they considered the possibility 
of massive growth in their Database (Dean Eckstrom, 2003). Their architecture is a lot more complex than what we 
have and also larger. If we go with Linux, we would have almost the same software they use except for Oracle, we 
would have MySql. 

The last comparison we made is with the Berkeley digital library. They run their server on Unix, because it is a lot 
more stable than Windows, the programming language they have is PERL, because they are comfortable with it, and · 
it is very flexible. They choose MySql for their database, the reasons are because it is free, faster and also because 
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there is good documentation available online (Joyce Gross, 2003). As you can see, many of the popular digital 
libraries are on Unix/Linux, MySql is also very popular, and the language is most of the time the programmers 
preference. 

CONCLUSION 
What we have to do now is to install our server and create our users accounts so they can start their art creations as 
soon as possible. The next step after that would be to install the server for the programming·language which will be 
Cold Fusion or PHP depending on the Operating system we'll choose, and all the other software necessary on the 
server. After all those things are completed we can start with the actual digital library. 
We want to include all the standards required for the Department of Canadian heritage specifications e.g. Dublin 
Core and W3C specifications [18]. The client side script that we will use is ECMAscript [18] which is a 
standardized version of Java Script. 

As you can see, choices are not always easy to make, we have a lot of things to take into consideration before we 
decide. The only choice we have to make now is on which server we will proceed. Time makes_ us lean towards 
Windows and reliability towards Linux. We'll have to decide what is the most important thing to us, time or 
reliability ! · 
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COMPUTERIZED PROJECT MANAGEMENT INFORMATION SYSTEMS 

John R. Patton 
Florida Institute of Technology 

ABSTRACT 
This paper suggests that computerized information systems are essential for a number of important reasons to 
include virtual project management, collaboration of employees on projects, and for the integration of intranets and 
extranets and other network integration technology applications. The purpose of this paper is aimed at defining the 
managerial uses and potential benefits from creating an automated environment for achieving integration of both 
organizational levels and data processes that would optimize the ov~rall project management process. 

INTRODUCTION 
Given the overall public expectations of "faster, better, cheaper," demands .on the management of individual projects 
are increasing. With the visibility and expectations of project managers heightened, the infonnation systems that 

support project managers play an increasingly important role. As organizations continue to look for opportunities to · 
improve the effectiveness and efficiency of their management of projects, they will necessarily also look for ways to 
improve their project management systems. This paper investigates the current experiences and practices of project 
organizations, as well as current best practices in the development and installation of automated project management 
information systems (PMIS). · 

A project is usually a one-time effort composed of many interrelated activities, costing a substantial amount of 
~oney, and lasting for weeks or years. The management of a project is complicated by such things as uncertainty 
and risk, the many interrelated activities make changes in planning and scheduling difficult, and most projects are 
unique undertakings, and participants have little prior experience in the area. However, the management of projects 
is enhanced by project management tools such as the project management information system (PMIS). The essence 
of this paper is to show how managers can facilitate the management of a complex project through the use of 
databases, project management tools such as the program evaluation and review technique (PERT) and the critical 
path method (CPM), and the PMIS. 

In today's fast changing technological environments, projects are found in all phases of modem life. They account 
for the way we live and the changes in our society. Most ofu~ accept the notion of projects in our personal lives as 
the opportunities and problems encountered in our daily living. For the organizations where we work, projects are 
important elements of change. In today's fast-paced world, organizations that practice sound project- management 
methods have a competitive advantage because competition is rapidly becoming time-based as well as cost-based. 
That i~, if you can get a product or service to the market faster than anyone else, you have an edge on your 
competition. Further, if you can control the costs of your work better than others, you can sell your products or 
services at lower margins (Lewis, 2002). 

It's Messier Than You Think 
An impressive body of management science informs us how to manage change, solve problems, innovate, promote 
collaboration, and eliminate inefficiencies, but alas, our organizations stay messy. Often times it is a result of deep
seated organizational cultures and an e~tablished mindset that infects the entire enterprise. Managers become too 
blaze with risks and frequently delude themselves about events such as when a glitch surfaces, and they therefore 
ignore many of their myn ~les and procedures. Call it entropy, call it Murphy's Law, people and processes just 
don't work the way they're suppose to as much as we expect. Workers at all levels bring their own visions, biases, 
agendas and feelings to the job from day-to-day. Organizational workers iri many work settings experience misery 
and melancholy as a result of insidious and rampart change, contributing to work environments getting even 
messier. And messiness can make it hard to get things done (Stewart, 2003). 

Proiect Failures 
A project has but one chance of success, whereas with conventional line management there is always the 
opportunity to do things better the next time. That is, unless the work is centered in "high-reliability" organizations 
where high-risk operations are conducted (nuclear power plants, hospital emergency rooms, space shuttle flights, 
and so on). In these types of work environments, there is usually no way to train and practice for failure or develop 
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much of an opportunity to do things better the next time. These demanding occupations require high reliability 
management at all times. Nevertheless, even here there occurs catastrophic failure on an infrequent basis. Only 9 
percent of projects are on time and under budget, and only about 16 percent deliver what was promised. The 
principle reason for project failure is improper management of the requirements of the system. In the Information 
Technology {IT) industry, only 28 percent of all application development projects have succeeded in 2000 (up from 
16 percent in 1994 ), while 23 percent failed ( cancelled) and 49 percent challenged ( due to cost, schedule, or 
specification problems (Carr, 2002; Kotnour & Camci, 2003). Nevertheless, project management concepts and 
processes are being utilized increasingly in the proactive planning of operational processes in business today. 
Competitive survival of a capital project requires not only the usual front-end evaluation, but also re-definition of its 
viability continually throughout the project life cycle (Doloi & Jaafari, 2002). 

Increasingly, firms are working to develop integrated information systems to more effectively manage their 
information. Most larger firms today almost always use computerized systems to manage their information. To the 
extent possible, international firms would like to use information systems to link their operations, so their managers 
in any part of the world can access information and communicate with counterparts from any of the firm's 
operations (Griffin & Pustay, 2005; Hirschheim, Poria, & Parks, 2003; Sumner, 2000; Sumner, 1999). 

COMPUTERIZED PROJECT MANAGEMENT INFORMATION SYSTEMS 
Projects are planned for and implemented through a project management office (PMO) previously referred to in the 
literature as a project management system composed of several subsystems, to include a project management 
information system (PMIS). Multi-project organizations also have a separate "office of projects." The computerized 
PMIS subsystem contains varied capabilities that assist project managers in planning, budgeting, and resource 
allocation. PMIS's are abl_e to handle the multifunctional nature of projects and supports the PMO by ty1ng together 
project activities in all functional areas and integrates information on work performance, costs, and schedules. 
Initially the focus was on simple scheduling, diagramming, and tracking of tasks, but this quickly extended to 
include costs, earned values, variances, management reports, and status boards. PMIS 's include data storage and 
processing, and information reporting. They collect and summarize data from internal and environmental 
subsystems to provide the intellig~nce to enable the project team members to make and implement decisions in the 
management of the project. The microcomputer-based PMIS's are considerably more sophisticated than earlier 
systems and use the microcomputer's graphics, color, and other features more extensively. Many systems will 
handle multiple projects and lµik them together to detect resource over-allocation. The explosive growth of project 
management software has resulted in the creation of more than 500 packages - coming in a wide variety of 
capabilities and prices. The trend has been to integrate the project management software with spreadsheets, 
databases, word processors, graphics, etc. Moreover, the current trend is to facilitate the global sharing of project 
information, including complete status reporting, through local networks as well as the Internet. The prevalence of 
multiple project firms, as well as the increasing number of firms that are project-oriented have led to the demand for 
software that will combine the data records for all projects into a single database (Cleland, 1990; Forbes, 2000; 
Gehriger, 1971; Kerzner, 2003; Meredith & Mantel, 2003; Nichols, 1990; Portney, 2001). 

Since the information needed to manage projects tends to vary depending on the project, PMIS's must be flexible. 
Every project operates on a different schedule and has information requirements that change throughout the stages 
of the product life cycle. Thus, unlike traditional management information systems which routinely provide the same 
kind of information on a periodic basis, the outputs of PMIS's must coincide with project schedules and with the 
changing information needs of the project team A reporting system involving capital projects takes the form of a 
PMIS which contains the intelligence essential to the effective monitoring, evaluation, and control of the project. 
Corporate directors require such information to determine the efficiency and effectiveness with which corporate 
resources are being used on the project. Also, they need other corporate information relative to the enterprise's 
forward planning. This includes critical events and issues facing the enterprise that often might have a strong project 
context such as new products, facilities and re~apitalization strategies. The project's cost', schedule, and technical 
performance considerations are certainly worthy of a director's ongoing surveillance. The reports furnished to the 
board on the project's status are important.tools to help directors do their job. At the minimum, such reports should 
contain summary information which helps the directors meet their responsibilities: the surveillance of the project's 
cost, schedule, technical performance objectives, and probability of continued "strategic fit" in the enterprise. The 
project manager has the responsibility to see that the project's status report provides sufficient intelligence for the 
directors to ·reach a conclusion about where the project stands (Cleland, 1990; Haynes, 1996). 
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THE PROJECT MANAGEMENT OFFICE / OFFICE OF PROJECTS 
Improving organizational p~rformance by implementing a project office system that develops project management 
as a core competency and thus adds value to the firm has emerged over the years as the discipline has expanded 
under the professional and certifying organization - the Project Management Institute. Under the office of projects is 
where enterprise project management is located. It is based on the idea that company goals are achievable through a 
web of simultaneous projects and that project management is an organizational-wide managerial philosophy. This 
means that multiple-project companies view all programs throughout the organization as projects, using project 
management approaches to bring each of them to fruition. Virtually everything can be dealt with and completed as a 
project under the enterprise project management ~oncept that is spreading throughout the business world. The PMO 
is in a unique position to show how projects add value to the organization by calculating both th~ investments and 
return on investment in one place. This service is often called project portfolio management (PPM) and is discussed 
next (Enlund, Graham, & Dinsmore, 2003). 

Proiect Portfolio Management 
PPM is the management of the project portfolio so as to maximize the contribution of projects to the overall welfare 
and success of the enterprise. What this means is that: (1) projects must be aligned with the firm's strategy and 
goals; (2) projects must be consistent with the firm's values and culture; (3) projects must contribute to a positive 
cash flow for the enterprise; (4) projects must effectively utilize the firm's resources - both people and other; and, 
(5) projects must not only provide for current contributions to the firm's health, but must help to position the firm 
for future success. This cannot. be accomplished solely within the projects domain. PPM, to be fully effective, 
requires the participation of several core components of the firm. Furthermore, it requires the integration of several 
"systems" within the organization (Levine, 2003). 

Web-based Proiect Management 
Web-based project management provides a central Web site,' or project portal, where everyone involved in a project 
can get up-to-date project information, share documents, and participate in planning and problem-solving using such 
collaboration features as shared notebooks, threaded discussion groups, and chat forums. It also can minimize or 
eliminate delays due to the time it takes to move documents and people around for approvals and meetings. It is 
possible now to communicate over the Internet or corporate intranets by using the Microsoft NetMeeting 
application. This online collaboration tool has a whiteboard feature and a chatroom facility (Kinkoph, 2004; Kirk, 
2000; Lewis, 2004). By making it easy for team members and managers to exchange information and ideas, Web
based project management promises to reduce mistakes caused by poor communication. Examples of Web-based 
project management packages include: TeamCenter (from Invoice Software), TeamPlay (from Primavera Systems), 
and WebProject (from WebProject) (Turban, McLean, & Wetherbe, 2004). 

ALL BUSINESS ENDEAVORS AS PROJECTS - A PARADIGM SHIFT 
That we are currently in the midst of a "projectization" trend; that is, viewing all business endeavors as projects, 
only adds to the gravity of successful project management. With the visibility and expectations of project managers 
heightened, the information systems that support project managers play an increasingly important role. Management 
guru, Tom Peters, suggests that future work will be performed in small teams with functional staffs disappearing . . 
Most work will be done by project teams and the average team will consist of various people from various 
.organizations with various, complementary skills. Networks of bits and pieces of companies will come together for a 
couple of years (though chang~g shape, dramatically, several times in the process), then di'ssolve never to exist 
again in the same form. He points out that Electronic Data Systems, Inc. is the world's largest project organization 
employing 72,000 smart people in band~ of_lO to 12 team members divided up into 38 profit-responsible strategic 
business units (SBUs). He points out t~at the firm makes no product but is involved in consulting services much like 
his own former company, McKinsey & Co. He claims that in any SBU you'll find projects and, in fact, EDS is one 
big collection of projects. He points out that mo~t ofMcKinsey's work-for.:.pay is accomplished by teams of half a 
dozen (or less) with a customer or two as full-time members. The project is everything in this company (Kotnour & 
Landaeta, 2003; Peters, 1992; Peters, 1990). 

At Asea Brown Boveri (ABB), there are 5,000 profit centers, but the average one is led by a team of five - a chief 
and four colleagues. This makes the overall enterprise much more manageable. An illustration of ABB (Combustion 
Engineering or CE) subsidiary operations is the presence of a service manager for nuclear power plant repairs 
assigned directly to a plant at Florida Power and Light (FPL) Corporation. Each nuclear facility built by CE has a 
resident CE manager on site to be close to the customer. The site manager sends daily reports to the home office (i.e. 
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the profit center located in Chattanooga, Tennessee), where the consolidated reports are processed in the PMIS and 
forwarded to the president of ABB's CE-Nuclear Services located in Sweden (Martens, 1993). 

Many years ago, FPL began the process of dealing with plant outage. Scheduling was done by hand, with each 
activity written on small blocks of wood and placed in time sequence on large activity boards. These activity boards 
were placed in the offices of the schedulers where everyone could see the actual schedule. Through the 1970s, when 
a schedule was changed, all future work activity blocks that were affected by the change had to be physically moved 
on the board to accomplish this updated schedule. Schedules for all ofFPL's operating plants were prepared 4-5 
years in advance, to ensure adequate uninterrupted power availability to all customers on a 24/7 basis. FPL realized, 
while building four large nuclear units and four large fossil units that it would need to computerize its outage 
scheduling, and its parts and work package systems, because of the sheer magnitude of the nuclear outages and work 
activities that had to be completed. During the late 1970s, the only software systems available to handle outage 
management tasks were designed and programmed to run on large main frame computer systems. FPL researched 
the market at that time and found the best available system that could be used for outage management activities was 
Project/2 (P-2). This system could be somewhat tied to other computer systems the company had installed (e.g., to 
t':1ke care of parts and inventory a separate information system was established). Over time and with increased 
technological advances, the company was able to cast aside these legacy systems and utilize state-of-the-art project 
management information systems (Martens, 1993). 

DISCUSSION 
The development of the project management concept is one of the most significant contributions to management 
theory and practice. Virtual enterprise is an important method to realize cooperation between different enterprises. 
The technology in a virtual enterprise includes management optimization and control of the supply and process 
needs. A MIS can resolve the management issues of information exchange among the partners equipped with MIS -
an enterprise can combine information technology with an advanced management approach (Archibald, 1976; 
Lewis, 2002; Lientz & Rea, 2001; Richman, 2002; Thomsett, 2002; Zhu & Sun, 2000). 

For decades, management theorists have believed that companies could and should forge tighter links up and down 
the supply chain, from raw materials to customers. Since the late 1990s, companies have increasingly turned to the 
Internet- and Web-based technologies to accomplish this. While it took 16-years for the number of PC users to· 
grow to 50 million, Internet users grew to the same number in only four years, once the technology became available 
to the public. But what firms are finding is that without enterprise resource planning (ERP) software, sharing 
accurate information with their trading partners is impossible. The Internet has revolutionized twenty-first century 
business. Organizations today can communicate with customers, suppliers and sellers at e-speed with the click of a 
mouse. Yet, with all the excitement about the external possibiljties of the Internet, companies still need efficient 
internal processes to make and move products, manage finances, recruit and motivate employees, and excel. The 
Internet is the most important business tool of the new century (Hurley, J., et al, 2000; Sumner, 2000 & 1999). 

Large-scale projects necessarily involve many participants who are situated over geographically distant locations. 
The use of Web-based project management systems enables an efficient information-exchange arid sharing among 
project participants. How to exchange information efficiently among various project participants, as well as how to 
provide a useful tool to facilitate knowledge management is an area that is receiving a great deal of attention 
(Kotnour & Landaeta, 2003; Li, Tang, Man & Love, 2002). · 

This paper suggests a different way of thinking about information systems management and especially project 
management which is driven by an evaluation process. There are many different views about the purpose of 
information system evaluation in organizations. Generally, to-date most practitioners believe that the purpose of the 
evaluation process is to assess and to improve the developed information systems and the systems development 
process. However, in practice it has been shown that the primary reason for evaluation, particµlarly post
implementation evaluation is project closure and not project improvement. Focusing on the business value of 
information systems is an important evalu·ation issue. In fact, the lack of focus on business objectives in the 
management of the progress of information systems projects is a very challenging problem. When a project is 
launched, the originators, usually senior management, have a vision, sometimes of increased.competitive advantage, 
enhanced customer service, ·greater effectiveness of administrative processes, a smarter distribution system or some 
similar organizational objective for the information systems project. These objectives very quickly are.translated 
into a limited number of financial objectives for the information systems project (the cost of the information systems 

248 



Proceedings of the 2004 IEMS Conference 

investment arid the "one off' cost of the development project) and into some technical objectives prescribed by the 
technical staff often driven by the current technological trends. Consequently, information systems projects become 
technology-driven and the evaluation of the benefit of the information system's investment to the organization in 
business terms is frequently lost during the development stages. This can result in information systems investments 
which show little or no return for the organization and with which users may often be dissatisfied (Remenyi & 
Sherwood-Smith, 1999). 

Information systems in general aim to support the organization in meeting its business goals. Information systems 
are also developed to create a "smarter" business organization internally. They increase personal and departmental 
productivity in the organization and in some instances they may create a more vibrant and motivated organization. 
The central or corporate benefits to be derived from the use of information systems relate to: (1) the reduction of 
time and space; (2) creating a corporate memory; (3) binding the organization closely with clients and suppliers; and 
( 4) deveioping discontinuities. These four different organizational dimensions may be seen as relating to how 
information systems niay be used to change or transform.business practices ~nd the importance of each of these will 
be .directly related to the organization's corporate strategy (Remenyi & Sherwood-Smith, 1999). 

The Reduction of Time and Space 
Organizations who can respond more quickly have a significant competitive advantage. There is considerable 
anecdotal evidence across many industries and professions that the old aphorism applies - time is money! Of course, 
·reduction in time may be achieved through the use of productivity tools. These include all of the various aspects of a 
PMIS. With regard to the reduction of space there are two main issues to consider. Remote and mobile information 
systems have reduced the need for some workers and some executives needed to work from a centralized office. Use 
of remote workers who telecommute to their work saves office space and thus operating costs. A number of 
organizations are all moving rapidly towards the virtual office in order to economize on space. Even at the executive 
level, some individuals through the use of a modem and wireless network technology remain in contact with their 
offices without having to travel to their locations (Remenyi & Sherwood-Smith, 1999). 

Information Technology 
Globalization has occurred through a variety of driving forces but it has received major impetus from the. new power 
of information technology. The management and coordination of information have always driven economic change. 
With the introduction ofthe' computer as an information processor, a rich surrounding infrastructure quickly arrived 
on the scene ( e.g., databases, fiber optic cable, microwave relays and satellites, along with the Internet creating the 
ultimate "information highways"). Information is power; it allows us to instantly disperse power globally. Thanks 
to information technology, enterprises are enabled to reengineer their processes and make information readily 
available in sophisticated forms ( via the use of expert systems, groupware, and networked PCs), dramatically 
reducing the need for bureaucratic layers of management. It is further causing volatility in markets on a previously 
unknown scale. For project planning, however, senior management assumes predictability. Capital budgeting 
techniques, for instance, using discounted cash flow analyses depend on the ability to more or less accurately predict 
product supply and demand, competitors, technologies, interest rates, inflation, and raw material prices over the 
foreseeable future of one-to-two decades. Now that this feature of predictability is missing in the business world, the 
interaction of volatility, globalization, and information technology is leading to speedy restructuring of all old 
industries as competitive restructuring is occurring at a dizzying pace. Not only has mergers and de-mergers been 
occurring at breakneck speed, but a significant shift to the service sector has been occurring on a global basis 
(Peters, 1990). 

Projects Adding Value, 
Every American workforce survivor must be obsessed with how to add more value than their counterparts in their 

· industry. Over 40 percent of the 1979 Fortune 500 firms have disappeared from that list. There is a sense of urgency 
in project planning today to come up with some new bases for competitive advantage. Time compression is certainly 
becoming a principal basis for competitive advantage.· Companies that can bring the "newest and most improved" 
products to the market fastest, ensure instant delivery anywhere and everywhere and then quickly upgrade the 
product stand a chance of surviving. Quickly getting into and out of things is a necessity today. Firms need to be . 
agile and maintain a great deal of flexibility. Flexibility means raw speed as cycle-times become compressed; 
however, there is also an unprecedented need for patient investment in developing teaming arrangements and joint 
project development with partners at home as well as in overseas markets (Peters, 1990). 
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"Extended Family" Proiect Management 
Using electronic links enables project teams to include many who are far from "home" - e.g., Boeing and its 
Japanese partners designing aircraft together. A project/ network can readily include, real-time: members of the 
firm throughout the world, suppliers, distributors, customers, and special resources (consultants). Through the use of 
various groupware and other problem-solving tools, the project management/ brainstorming / idea generation/ 
social integration process is changed forever (Peters, 1990). 

The Proiect-Driven Organization 
In a project driven organization, all work is characterized through projects, with each project as a separate cost 
center having its own profit and loss statement. The total profit of the corporation is simply the summation of the 
profits on all projects. In a project-driven organization, everything centers around the projects. Every project-driven 
organization needs four different categories or types of elements, and project organizations can be characterized by 
the number of these categories coming under the direct control of the individual project manager. These four 
categories are: (1) the project office; (2) key functional support; (3) manufacturing and routine administration; and 
( 4) future business. In the fully "projectized" organization the project or program manager is in direct control of all 
the elements needed to conduct that project. Such an organization is attractive for large, long-duration projects, 

· especially those that are very complex, involve a number of different organizations, and require advancing the state 
of technology (Babcock, 1996). · 

Muc_h of the literature and conventional wisdom suggests that there is a single right way of doing project 
management. A similar bias holds that managers should apply an appropriate cluster of tools, project management 
methods, and organizational linkages uniformly t~ all such ventures. While there may indeed be a general-purpose 
set of tools, the contribution each device can make to planning and controlling the project varies widely according to 
the project's characteristics. Further, the means of involving the user - through steering committees, representation 
on the team, or as leader- should also vary by project type. In short there is no universally correct way to run all 
projects. The usual corporate handbook on project management, with its one-dimensional approach, fails to deal 
with the realities of the task facing today's managers, particularly those dealing with information technology. The 
right approach flows from the project rather than the other way around (Cash, et al, 1988; Issac, 1997). 

The need to deal with the corporate culture within which both information technology and project management 
operate further complicates the problems. Use of formal project planning and results-control tools is much more 
likely to produce successful results in a highly formal environment than in one where the prevailing culture is more 
personal and informal. Similarly, the selection and effective use of integrating mechanisms is very much a function 
of the corporate culture. Thus, the type of company culture further complicates the PMIS apparatus. Too many 
former information technology managers made the fatal assumption that they were in an ideal position to reform 
corporate culture from their position. The past decade has brought new challenges to information technology project 
management, and experience has indicated better ways to think about the management process. In essence, the 
information technology field is complex and multidimensional. Different types of projects require differe.nt clusters 
of management tools if they are to succeed (Cash, et al, 1988). 

The questions of efficiency and effectiveness are addressed through the analysis of the project management process 
in this paper. The last couple of decades have seen a proliferation of so-called project management processes and -
methodologies that have helped to rationalize a formerly very diverse area. The installation of these methodologies, 
an obvious improvement, has created a new set of opportunities. The first opportunity lies in the area of 
implementation risk. The advocates of these methodologies have implied that by utilizing their approach, 
implementation risk will be eliminated. A careful examination of the long list of partial and major project fiascoes in 
the past decade suggests clearly that this is not the case. The contention proffered in this paper is that project risk not 
only exists but can be measured, and a decision can be made regarding its acceptabiljty long before the majority of 
funds have to be committed to a project development effort. In the same vein, it is possible and appropriate to talk 
about the aggregate-implementation-risk profile of the development and maintenance portfolio of projects. Not only 
does risk information provide a better language between general management, user management, and information 
technology management during the project planning phase (where many options can be considered) but it provides a 
firmer and more valid context for after-the-fact performance assessment (Cash, et al, 1988). 

The second opportunity comes· from the recognition that different types of projects can best be attacked by quite 
_different kinds of project management methodologies. A single methodology is better than the anarchy and chaos 
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that often precede its introduction. Several years of use, however, can create a straightjacket environment. The 
approach will normally fit one kind of project very well and· others considerably less well. Different organizational 
structures within a project team, different types of user interfaces, and different planning and control approaches are 

· suitable for different types of projects. Today it is clear that the most appropriate· project management approach for 
any project should flow out of the project's innate characteristics. Realistically, we are moving today in a 
complicated milieu of people, differing organization strategies, different cultures, and changing technologies (Cash, 
et al, 1988). 

Technologies to support work groups has been around for some time. For example, traditional voice system 
conference calls allowed work groups to communicate together, and project management software allowed project 
leaders to track group project progress . . But each of these systems is independent and narrowly focused. That is, each 
system supported only one type of group activities. In the past few years, integrated software products aimed 
specifically at improving how groups work together have evolved. These packages, called groupware, offer ' ' 
integrated ·support for many of the typical activities of work groups. Group project management services may 
include multi-user·project management software. This _feature helps group managers to track work assignments by 
spotting assignments that are overdue, reminding group members when task due dates pass, and even urging 
members to complete required paperwork. One groupware package, Diamond, a UNIX-based package, handles 
remote multimedia, conferencing, providing users with integrated text, graphics, spreadsheets, charts, and voice 
annotation. The package also lets user's record group sessions, for later review. In general, groupware is still 
evolving. No package seems to offer all or even most of the features useful to group projects or work tasks. 
However, major software developers are fielding and expanding groupware (Schultheis & Sumner, 1992). 

Improving the integration of information across the functional areas of a business is a common goal of contemporary 
organizations. Not surprisingly, the most effective managerial decisions can be made when information and data 
from all areas of a business are available in real time and all parties with access to the information participate in the 
decisions. Businesses often use ERP software systems to facilitate the integration of information across functional 
areas in their organizations. One company in particular, SAP AG, has become an industry leader in developing ERP 
software, namely the SAP R/3 system. This system enables the functional integration of information pertaining to 
logistics, accounting, and human resources. However, the user can choose among numerous modules or applications 
to create a system adapted to a particular bu~iness or organization (Utecht, Hayes, & Shirley, 2003). 

CONCLUSIONS 
A project is usually a one-time effort composed of many interrelated activities, costing a substantial amount of 
money, and lasting for weeks or years. The management of a project is complicated by such things as uncertainty 
and risk, the many interrelated activities that make changes in planning and scheduling difficult, and most projects 
are unique undertakings, and participants have little prior experience in the area. However, the management of 
projects is enhanced by project management tools and organizational resources such as the computerized project 
inanagement information system. There are a number of variables affecting the outcome and failure is a distinct 
possibility. The complexity in technology, globalization, and business process reengineering are all adding weight to 
.the assertion that the old school of simple linear analysis and planning cannot get the job done on schedule and 
within costs. To do a reasonable job as a project or program manager today, one needs to be able to manage multiple 
projects and see the trade-offs between projects on a near real-time basis through the use of a "war room" more 
commonly known as a project office / office of projects that incorporates a computerized project management 
information system. Microsoft Project 2002 is one of the favorite software packages and it is capable of integrating 
up to one:-thousand standaJone projects. Other sophisticated software applications packages such as Project 
Scheduler 7 are in use as well. Th~ availability of powerful systems frees up the project manager to pay more of his 
or her attention to the critical problems and make better decision in the resolution of complex problems. 
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AN OVERVIEW OF KNOWLEDGE DISCOVERY IN DATABASES AND 
DATA MINING IN THE BANKING INDUSTRY 

John Wang, Qiyang Chen and Zu-Hsu Lee 
Montclair State University . 

ABSTRACT 
The financial institutions' goals discussed throughout this paper include, but are not limited to, customer 
relationships management, better understand credit risk, and predict future trends. For the most part the financial 
intuitions are accumulating large amounts of data and are looking to data mining to exploit this vast resource to 
ultimate increase profits through increased efficiencies by steering the company to the most profitable markets, 
products, and clients. The analyses of large and complex datasets can uncover hidden information and trends that 
without an understanding will exclude the financial institutions from being competitive in our emerging and 
expanding global markets. 

INTRODUCTION 
Today, corporations of all kinds are accumulating massive amount of data. The collection of this data has been 
facilitated through advancements within the information technology environments. In the age of information, only a 
small percentage of the data collected is utilized for tactical and strategic business purposes. For example, Citibank 
collects information on 3% of all the retail transactions in the United States. Even more information is available but 
is not collected. Of that which is collected, only a small percentage is used for tactical or strategic business purposes. 
There is simply too much to be examined by traditional methods. Thereby creating the need for data mining 
solutions (Wang, 2003). · 

Data mining is the mathematical extraction of often difficult-to-detect patterns in these large data flows. Data mining 
is an extension of, and is related to, traditional statistical methods. Unlik!! traditional statistics, however, modem 
data mining techniques are designed to extract information from large, continuous data flows common in modem 
business environments. Continuous data flows are never-ending and constantly changing. They are a reflection of 
the information age in which we live. Traditional statistical methods cannot handle the volume and rapid change. 
Data mining techniques, on the other hand, have been designed to thrive in this environment. 

Bank executives are using data gathered through data mining to look for patterns and trends, which allows them to 
personalize communications with the customer. Data mining enables the bank to predict things like how customers 
will react to an increase in fees, which customers will be interested in new products, and which customers present a 
risk for defaulting on a loan. Mining data allows banks to see if a particular customer is part of a profitable group for 
retention efforts; allowing the bank to "cherry pick" the clients through their retention efforts. About eighty percent 
of financial institutions profits come from twenty percent of their clients. In an industry that has high turnover of 
clients you need to know the makeup of your client base. 

UNDERSTANDING AND PREDICTING CUSTOMER NEEDS 
Understanding customers and their behavior is extremely crucial for all financial organizations to maintain and 
further enhance a competitive edge on the hectic market. Bank executives are finally beginning to realize that 
customer satisfaction is one of the important factors that drive their business. A study done by the Business School 
at University of Michigan found that a one percent increase in customer satisfaction yields a three percent increase 
in shareholder value (Whitacre, 2003 ). Also, another statistic which shows why customer retention is so important is 
the fact th~t US banks lose ten to twenty percent of their customer base every year (Marlin, 2003). 

j 

Australia and New Zealand Banking Group (ANZ) is one of the world's 100 largest banks with total assets of 
approximately $180 billion, ANZ has utilized SAS Data Mining Solutions as key components of its-credit scoring 
systems for over 7 years because this institution realized the very importance of designing models that will show 
customer behavior patterns. Realizing this, ANZ established the need for fast and accurate customer modeling that 
will improve their campaign effectiveness in the retail banking business, and turned to SAS for a credit scoring and 
data mining solution that allowed the bank to develop advanced models to determine new loan strategy. 
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. KeyCorp in Cleveland uses data mining to predict customer needs. For example, the bank looks for people who are 
· within six months of making their last payment on their car loan. Then, brochures about attractive loan rates are 
mailed out with the customer's statements (Johnston, 1996). 

Chase Manhattan Bank in New York started mining data; they disco~ered that many customers were leaving their 
bank for other banks because Chase's minimum checking account balance was too high. The executives decided 
they wanted to know one thing before they went ahead and changed the checking account terms. They wanted to . 
know if the customers that were defecting to competitors were profitable. If the customers were profitable, then it 
would make sense to lower the minimum balance requirement. However, if the customers were not profitable, the 
bank would leave the policy alone . 

. Chase used data mjning to determine which customers were profitable and which ones were not and to help. establish 
a minimum balance requirement. Profiles of customers who had trouble maintaining minimum balances were · 
created. The profiles contained answers to questions such as,. how many checks do they write every month? Do they 
use tellers or ATMs to conduct business? Moreover, what other kinds of products and accounts do they hold? The 
results led Chase to reduce its required minimum checking account balance, which caused the bank's percentage of 
profitable customers to overall customers to go up. (Fabris, 1998) 

Hang Seng Bank is Hong Kong's second largest locally incorporated bank, serving over one-third of its population. 
The bank uses data mining software provided by SAS to understand its customer's needs so they receive more 
personalized services. The·article states that, "By tailoring products to the needs of clients, the bank has enhanced 
customer satisfaction, boosted customer retention rates and increased its profits" (SAS, 2003). 

CROSS-SELLING BANK PRODUCTS 
High-tech data mining can give companies an increasingly accurate view of how particular segments of the 
customer base are reacting to a product or service. Processing transactional data can assist in finding those groups of 
products that are sold together well. Finding of the directed association rules identifying the best product to be 
offered with a current selection of purchased products can increase profits for a company. This information, in turn, 
will prove useful for cross-selling, targeted promotions and personalized marketing. Listed below are examples of 
banks that cross-sell other bank services to increase the profitability of each contact that an employee has with a 
customer: 

Fleet learned through data mining that it was not always true that the more cross~selling it did, the higher its profits 
would be. Instead of trying to sell to all customers, the bank now targets not only those customers who they think 
will buy the product, but also those who will generate profits for the bank. Fleet's Randall Grossman, senior vice 
president and director of customer data management and analysis says, "The bank's second goal for this sort of data 
mining is to find out how to "reconfigure, over time, (its) product and service offerings to enable (it) to profitably 
service customers who today are unprofitable" (Fabris, 1998). 

Fleet has used data mining to identify customers who were most likely to Invest in mutual funds. Fleet .mined data 
from different product lines to find customer information that included their transaction activity, account balances, 
and demographics. The bank then gave the results to their Investment Services division so that they could target 
tho~e prospective clients. 

Key Bank, which is based irt Albany New York and serves two million retail customers, also uses data mining 
technology. Relationship Managers in the KeyCenters are able to gain information about customers and what 
products they might buy by data mining. "As a result of our technology, we'·re able to get that data out to the RMs. 
When clients will most likely 'attrite,' and what products they'll likely purchase next, said Orsino (Marline, 2003)." 

Keystone Financial created a promotion called LoanCheck in an effort to expand its customer base. The bank mailed 
to its customers a $5,000 check that they could use toward a loan. The bank did data mining to determine the 
characteristics of the customers who would accept the LoanCheck offer. The result was 12,000 new customers 
(Mazier, 2002). · 
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MANAGING RISK 
Risk management is a management process or plan to minimize the unfavorable effects of unplanned losses on a 
business at a practical cost. Some of these uses of data mining include detecting fraud, monitoring credit, developing 
score credit, and creating delinquency triggers. Data mining technology can be very useful for financial companies 
where comprehensive databases of customer information can be examined. 

Bank of Montreal mined their informational databases in search of customers who might default on mortgage 
payments. The bank did this by analyzing customer's transactions into their savings, checking, and other accounts. 
By looking at the customer's transactional account history, Bank of Montreal was able to tell which customers were 
experiencing periodic cash flow crunches and which ones were truly in danger of defaulting on their loan. One 
surprising result of this study was that those customers that the bank thought prior to conducting the experiment 
would be the candidates to default on their mortgage loan were not. They were simply a certain type of customer 
who would always pay their bills, just not on time (Fabris, 1998). 

Citibank used data mining to look for people who are most likely to be delinquent on their credit cards. The bank 
examined cardholder's behavior information, such as how they paid their bills as well as what percentage of the bill 
was paid and how much they spent each month and on what. Citibank was able to identify over 200 million people 
who had been unidentified (Anonymous, 2003). 

STRATEGIES OF INTEREST 
A retail bank can carry out various analyses to suit its unique requirements and position within the industry. There 
are several critical analyses that any retail bank should undertake; though each bank might differ in the method of 
analysis and implementation. The following points outline such critical analyses and determine the various 
dependencies. 

Integrated Customer View 
This is the first hurdle that any bank meets. It is important to have all customer / account / transaction data at one 
place (i.e., the data warehouse) and to be able'to correlate customers across their product holdings. In all probability, 
every product line within a bank sits on a separate system (mainframes or databases). The customer information 
system (CIS) should be able to correlate all customers from various product systems and define the various 
relationships. If the bank does not have a CIS system, then individual customers / accounts need to be gathered from 
various systems and a customer integration process begun. This process can be carried out using industry-standard 
tools. Individual customers can be referenced by name, date of birth, address, gender, Social Security Number and a 
distinct customer ID can be assigned to a customer across all his / her product holdings. The bank can identify that 
two customers listed in both the savings and mortgage systems are actually one customer. This provides the most 
crucial information for a bank upon which accurate, effective analyses can take place. The data warehouse will then 
provide a 360-degree view of a customer. Though this process is extremely cumbersome, it is critical for effective . 
analysis and should be treated as the starting point. 

Customer Life Cycle and Segmentation 
Every bank develops a customer life cycle model and maps its products to this model. This methodology reflects the 
thinking that customers require different products and services at various points in their life. For example, a 
customer in their late teens might require a student loan. As they progress through life, a car loan or investment 
options will be required, then a mortgage or a retirement savings plan. Continuing on the thought it is becomes 
possible to segment customers in the data warehouse based on their demographics - age, location, annual income, 
occupatio_n, etc~ Such analysis is primarily based on a customer's position within the life cycle and the products that 
are applicable to that stage. This model is one of the critical factors that determine tl_}e bank's marketing campaign 
efforts. Every bank does have such a model and efforts should be made to integrate this model within the data 
warehouse analytical efforts. · 

Customer's Financial Portfolio 

Customer data can be enhanced by purchasing data from credit bureaus (Equifax, Trans-Onion, etc). Though only 
credit-related products are available from credit bureaus (in some cases, as in Canada, mortgages are not reported), it 
does provide the bank with crucial details on a customer's portfolio and his/her necessities in life. An example: a 

• global bank in the U.S.A. purchas_ed data from Equifax and analyzed customer information. The bank discovered 
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that a particular customer held an educational savings plan with a competing bank. This indicated that the 
customer's household had a school-age child. The bank was unaware of this fact and missed the opportunity to 
target the customer under this life stage category. . 

Customer Profitability 
This is a standard analysis that any bank can carry out using a data warehouse. Analysis of a customer's profitability 
to the bank is crucial for campaign effectiveness. Customer profitability can be calculated in different ways. 
Whichever method is chosen,.it should incorporate the bank's ·transfer-pricing mechanism at the account level. The 
accuracy of the profitability numbers are dependent on one factor - where will these numbers be used? If it is only 
for determining the type of products· to be marketed to a customer, then the profitability numbers can incorporate 
some level of acceptable deviations. Profitability should ideally be at the contribution level, as this number defines 
the net revenues· that are a direct reflection of the customer's transaction behavior. Fixed costs, though allocable, are 
dependent on the allocation methods and can impinge on a customer's profitabili!Y· J'he bank can carry out such 
allocation through to reconcile with the general ledger (GL) numbers. Such reconciliation is not a very desirable 
exercise for various reasons. The GL does not have data at the customer or account level and consequently the data 
warehouse data will need to be rolled up to the GL lines or some other system will have to be used as an 
intermediary. Several parameters might not be available within the data warehouse - accrued interest; taxes, etc. -
hence, the customer profitability should be planned with finance from the outset to avoid an expensive reconciliation 
exercise later. 

Diversification Indicator 
This strategy should accompany the customer profitability analysis. Customer profitability by itself does not signify 
much. First, tlie profitability numbers need to be compared with those of other customers. Assuming a customer's 
profitability is high, the bank must make the decision to either up-sell or cross-sell its products. The diversification 
indictor specifies the diversity of a customer's product portfolio. The basic premise is that a customer with stable, 
but average profitability is preferable in the long run to a customer who has high profitability but carries a less stable 
profitability. This indicator will have to be constructed using the product lines under which a customer holds 
specific products. A string field can be used to depict such holdings and a model needs to be created that assigns 
specific ranking based on product holding combinations. The ranking is based on the profitability that each distinct 
combination will accrue to the bank. 

Product -Profitability 
This can be calculated as an extension to the customer profitability exercise. The idea is to determine the 
profitability of various products offered by the bank and to take product decisions based on such profitability. The 
process followed is very similar to that used for customer profitability. Again, specific focus should be placed on 
direct revenues and expenses. Fixed costs are important here (unlike with customer profitability) as a bank's ability 
to market its products is based significantly on its infrastructure, which is not a direct product expense. It would be a 
better idea to use the GL feeds from the finance systems. If this is not available, the asset liability management 
(ALM) numbers can be used. Reconciliation with finance becomes a crucial exercise here. 

Channel Profitability 
This is another important aspect of the profitability exercise. A bank needs to determine which of its delivery 
· channels are more profitable/cost-effective and should try and move its customers to the more profitable channels. A 
global U .S. bank calcula~ed that a funds transfer (between two accounts within the bank) costs the bank $1.20 (if 
done at a branch), $ 0.83 .(at ATM),$ 0.36 (via telephone banking) and just $0.11 (via Internet banking). Hence, it 
makes sense for banks to encourage customers to transact via the more profitable channels. Channel profitability is a 
difficult-exercise as most fixed expenses are usually not directly allocable to a channel. Another problem is the cost 
of campaigns; most campaigns gQ out through direct mail, branches and the call centers. Such channels need to be 
allocated a higher proportion of the fixed expenses. 

All these profitability measures need relevant accounts and customers to be available within the data warehouse. 
Another prerequisite is the availability of the GL numbers. A bank should plan for an automatic reconciliation with 
the GL for each of these measures and such reconciliation should be maintained over a period of time. Moreover, 
profitability needs to be analyzed over time and sufficient historic data will be required. 
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Event Triggers 
Another important tool that can be used for analytics is event-triggered campaigns. Campaigns can be based on 
specific customer actions (credit card transactions, significant deposit~ or withdrawal, etc.). Specific credit card 
transactions can be used to determine customer's purchasing behavior. American Express has used such transactions 
to target customers for other campaigns. For example, a customer who frequently purchases flowers can be sent 
marketing with a discount coupon at a specific flower shop. The same kind of logic can.be applied to the awareness 
of significant deposits in savings / checking accounts - such customers can be targeted for other deposit or 
investment products. · 

Fraud Analysis · 
Credit card transactions can be used for fraud detection. Such analysis uses historic data about merchant 
information, transacting amounts, transacting types which can be validated within the customer life cycle framework 
and fraud detection triggers can be constructed. 

CRM Components 
A lot of the historic data within the data warehouse can be used to support the bank's CRM initiatives. A data 
warehouse provides a thorough view of a customer and enables a bank to study and reasonably predict customer 
behavior. A data warehouse integrates well with all campaign channels and provides a framework to generate 
integrated campaigns. 

Predictive Models 
A very important aspect of a data warehouse is it~ ability to provide integrated and historic information on 
customers, accounts,- transactions, delivery channels and the underlying· data. All these can be used by a data mining 
group to understand customer behavior over time, carry out trend analysis and construct statistical predictive 
models. Models can range from attrition models to other predictive models that determine the probability of a 
customer's behavior. 

In fact, a data warehouse provides the basis for analysis, which can direct the banks marketing campaign. It is 
important for a bank to sequence these analysis efforts, to utilize various resources. A great deal of time needs to be 
devoted to planning the various initiatives to maximize benefits and major coordination between various 
departments that are involved in these initiatives is required. 

SUMMARY 
The financial institutions that we have studied have one thing in common; each is looking to improving business 
performance by extracting knowledge from their data resources. The financial institutions' goals discussed 
throughout this paper include, but are not limited to, customer relationships management, better understand credit 
risk, and predict future trends. For the most part the financial intuitions are accumulating large amounts of data and 
are looking to data mining to exploit this vast resource to ultimate increase profits through increased efficiencies by 
steering the company to the most profitable markets, products, and clients. Data mining although useful at all levels 
of management has particularly enhanced senior management ability to communicate and monitor an organization 
qualitative mission and measure the quantitative financial progress in real time. The analyses of large and complex 
datasets can uncover hidden information and trends that without an understanding will exclude the financial 
institutions from being competitive in our emerging and expanding global markets. 

As it becomes prevalent throughout our study, successful data mining requires a broad range of statistical tools and 
expertise customized to fit within a complex information systems environment. Rather than focus on one. particular 
environment, tool, or technique, we examined a myriad of leading financial institutions and their stated goals and 
how they ·proceeded to achieve those goals. 

1 
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THE COMPETITIVE AND ETHICAL RAMIFICATIONS OF HEALTH CARE: 
PROFIT VERSUS NON-PROFIT 

Frank S. Turner and Marjorie G. Adams 
Morgan State University 

ABSTRACT 
Probably the most contentious issues affecting the 2003 Maryland legislative session revolved around the possible 
conversion of CareFirst Blue Cross/Blue Shield from a nonprofit to a for-profit company. The Governor, elected 
officials, the administrator in the health arena, providers, and advocates are increasingly concerned about the 
growing population of uninsured and under-insured and the rising cost of existing plans and their impact on an aging 
population. Many of these groups believe the delivery system is broken and is in great need of repair. Since there 
is no crystal ball that will allow the public to peek into the future, it is necessary to know as much as possible about 
the conversion process and its ramifications in the event that at some point conversion becomes a reality. Would 
conversion to a for-profit company stabilize the current delivery system or would conversion lead to the further 
deterioration of the existing system? What is the fair market vahie for conversion from a nonprofit to a for-profit 
company? Are there ethical questions concerning company executives receiving millions of dollars by converting 
to ·a for-profit company? Regardless of the outcome of any specific deal to buy a nonprofit the state of Maryland is 
at the beginning of a process that may take many years to be resolved. As more and more states turn to for-profit 
co~panies to provide health care, there will be continuous pressure on state insurance commissioners, future state 
legislatures, and individual states unwilling to ch~nge. 

OVERVIEW OF THE DEVELOPMENT OF THE BLUES 
Prepaid health coverage was first offered in the United States in 1929 when an official at Baylor University hired to 
shore up the finances ofthe_Univetsity hospital, offered a health plan to schoolteachers guaranteeing 21 days of 
hospital care for $6 a year. The idea took hold nationally and by 1939 the American Hospital Association (AHA) 
was overseeing the operation of these hospital service plans. AHA adopted the Blue Cross as the plans' trademark 
symbol and appointed a commissioner to establish guidelines for Blue Cross plans. In 1960 the commission was 
replaced by the Blue Cross Association that ultimately severed ties with the AHA in 1972. 

The first Blue Shield plan was established in 1939 as a means for employers to provide physician services to 
employees. In 1948 a group ofnine physician service plans adopted the Blue Shield symbol. The group eventually 
became known as the National Association of Blue Shield Plans. 

The existing health services Blue Cross and Blue Shield Association was created in 1982 as a result of a merger 
between the Blue Cross Association and the National Association of Blue Shield Plans. The association is a trade 
organization for Blue Cross and Blue Shield (BCBS) plans across the country. Every BCBS plan is a dues paying 
member of the association and must adhere to association guidelines and standards in order to use the BCBS 
trademark (Department of Legislative Services, 2002). 

Nonprofit health service plans receive favorable tax treatment and other benefits from both federal and state 
governments that are not afforded their for-profit counterparts. Prior to 1987, these plans had tax-exempt status 
because they performed a public service that would have to be provided by the government if these organizations 
did not exist. In fact BCBS plans have been referred to as a "quasi-public alternative to government health 
insurance" (Cunningham, 1997). Spurred by complaints from commercial insurers that such tax treatment 
represented an unfair competitive advantage, Congress repealed the full tax-exempt status ofBCBS plans under the 
federal Tax Reform Act of 1986. H·owever, Congress created a special tax class forJhe plans in recognition of the 
unique community service they provide. Beginning January 1, 1987, BCBS plans became subject to a corporate tax 
rate that is significantly lower than the prevailing corporate rate. In 2000 there were 44 BCBS plans in the United 
States with a combined net worth of approximately $23 billion and combined annual revenues of$126 billion 
(Department of Legislative Services, 2002). 

THE HISTORY OF THE MARYLAND SYSTEM 
In 1937 the Maryland General Assembly passed enabling legislation that cleared the way for 12 Baltimore hospitals 
_to start a hospital service plan (later known as a Blue Cross plan). The statute declared every corporation licensed as 
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a hospital service plan to be "a charitable and benevolent institution, the funds of which shall be exempt from all and 
every state, county, district and municipal tax other than taxes on real estate and office equipment" (Maryland 
Medical Journal, 2002). 

The hospital that started the Maryland plan had been laying the groundwork for such a venture for years. In a letter 
dated December 23, 1933 from the Baltimore Hospital Conference to the board of trustees and medical staff of its 
various member institutions, the mission of the new plan was described this way: ''Primarily the plan should be 
considered as a public service for the benefit of people of limited means ..... The plan proposed would be entirely 
under local management~ it would be an incorporated institution with a Board of Directors, the cost of administration 
would be the sole cost, there would be no profit to stockholders or owners, all profits, if any, would go to build a 
reserve, and if and when such a reserve was considered sufficient, consideration ·would then be given either to 
extending the benefits or decreasing the premiums. The provision of comprehensive health care and .control of 
expense r~mains the company's core mission" (Maryland Medical Journal, 290~). 

CAREFIRST STRATEGY to MOVE TO FOR-PROFIT STATUS 
Former House Speaker Casper R. Taylor, Jr. said "Blue Cross is our historic insurer of last resort. There is a strong 
feeling that the Blues need to be brought back to their mission" (Krysiak, 2001). Today, many of the company's 
business practices closely resemble those of a commercial insurer. For example, in 1999, CareFirst announced its 
withdrawal from the Medicare+ Choice program in the state's rural counties. By January 1, 2001, the company had 
withdrawn entirely from the program. In April, 2001, CareFirst terminated participation in Health Choice, 
Maryland's Medicaid managed care program. In May 2001, the company withdrew its subsidiary HMO's, Freestate 
and Delmarva, from both the individual and small market group insurance markets in Maryland. By consolidating · 
these plans under the Washington, D.C. based HMO, Blue Choice, the company predicts that 6000 individuals who 
had purchased medically underwritten individual health insurance, will no longer not satisfy the more stringent 
medical underwriting standards of Blue Choice and will be deemed medically uninsurable (Department of 
Legislative Services, 2002). Despite the losses reported, the 2000 Annual Report of CareFirst, Inc. shows the 
company reserves have risen from $598 million at the end of 1999 to $692 million at the end of 2000 (CareFirst 
Annual Report, 2001). 

On November 29, 2001, CareFirst Blue Cross/Blue Shield, the state's largest health care provider, announced that it 
wanted to convert its nonprofit status to for-profit and sell itself to Wellpoint Health Networks Inc. for $1.3 billion. 
WellPoint, with $9 billion in annual revenue and 10 million members, was the first Blues plan to switch to a for
profit In addition, to its base California Blues, it acquired the Georgia Blues in March, 2001 and in October, 2001 
Wellpoint announced a deal to buy the Missouri Blues as well. 

Earlier, Blue Cross and Blue Shield of Maryland proposed creating a for-profit subsidiary in 1995, but set the plan 
aside when state regulators raised objections. Instead of converting, the insurer grew by combining with the 
nonprofit District of Columbia plan in 1988 while in the process creating a holding company with the Delaware 
Blues. Since CareFirst built its value as a nonprofit, it is in effect, owned by the public, and the proceeds of a sale 
would go to a foundation or other public purpose (Salganik, 2001 ). 

HOW STATES HAVE HANDLED CONVERSION 
One of the earlier conversion plans, Blue Cross of California (BCC), transferred a majority of its assets to a for
profit subsidiary in 1993. State regulators approved the transaction without any formal charitable assets distribution. 
Subsequently, the Department of Corporations determined that the transaction failed to protect the charitable assets 
of the former nonprofit corporation. The Department Commissioner entered into discussion with BCC. The plan 
initially p.t;oposed distributing $ 100 million of its assets to a charitable foundation. The Commissioner did not 
accept this figure. A series of negotiations ensued between the Department and BCC. Ultimately, BCC agreed to 
distribute all of its assets, over $3.2 billion to two grant-making foundations, creating the California Endowment, a 
501(c)(3) private foundation, and the California Health Foundation, a 501(c)(4) entity. The regulators hired 
independent consultants to determine the appropriate valuation of the company and the mission, governance, and 
structure of the foundation. The charitable assets were distributed in a combination of cash and an equity interest in 
the new foundation. The for-profit successor to Blue Cross of California is WellPoint Health Services (Consumer's 
Union). 
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In January 2002, New York State approved a conversion that turned the Empire Blue Cross Blue Shield into a profit 
making company, raising $1.1 billion for the state: Governor George E. Pataki and the leaders of the State 
Assembly decided to use most of the $1.1 billion estimated in assets from the conversion to benefit workers in a 
politically powerful health care union. Hinckley, the deputy Commissioner for operations at New York's Health 
Department said "mote than any other state, I believe, we have already created programs to address the problems of 
the uninsured", citing programs like Child Health Plus and Family Health Plus. "Funding for these programs is 
sufficient and solid" (Strom, 2092). In New York, the money was to be used to recruit and retain health care 
workers with competitive salaries, training, and fund new programs, according to Hinckley. Consumer advocates 
questions spending the Empire Blue Cross assets to plug a hole in the state budget instead of putting them into a 
foundation whose investment income would generate millions of dollars for health care in perpetuity, as California 
chose to do. "What we have in New York is a quick budget fix that will satisfy health care workers for a year or 
two" said Laurie Sobel, a staff attorney for Consumer Union, who is an authority on Blue Cross conversion. "Then 
the money will be gone and you'll have the same problem" (Strom, 2002). 

William L. Jews, CareFirst's president and chief executive officer, told the Maryland legislature in February, 2001 
that if CareFirst did not move ahead with the WellPoint deal, "in three years, I' 11 be sitting in front of you saying our 
company is impaired" (Salganik, 2002). However, Van Faasen, president and CEO of Blue Cross Blue Shield of 
Massachusetts, thinks that large or small, local or national, for-profit or nonprofit, well-run health plans can thrive. 
He prefers nonprofit, saying "I believe we've got a commitment to the community, and the community should 
realize some dividends." Van Faasen does not think for-profits are evil. He does not believe conversion is a 
necessity" (Salganik, 2002). The Massachusetts Blues performance appears to back up his argument. Over the past 
few years, the insurer has posted big gains in membership, operating margins, and revenues. 

The Massachusetts plan had the largest increase in revenue over the past three years (39.7 percent) and the second 
largest increase in membership (23.1 percent),just behind WellPoint's 26.3 percent). The Massachusetts Blues have 
become so prosperous that .the insurer set up a foundation a year earlier than expected to help the state cope with 
unmet health needs, pledging $55 million over four years. Massachusetts Blue Cross also made some tough 
business choices to restore itself to financial health. It pulled out of the state's Medicaid program for the poor and 
went to court to win a ruling allowing higher ·premiums on its Medicare supplemental policies. It also left other 
unprofitable businesses, such as a Medicare claims processing contract and a series of health clinics. The bulging 
surplus of the Massachusetts Blues - which grew from $159 million in 1990 to $461 million a decade later, helped 
launch the foundation. The foundation gives grants to community groups and health centers throughout the state 
(Salganik, 2002). 

One could infer from CareFirst's partial withdrawal from Medicare & Medicaid, and its total withdrawal from the 
individual, small, and medically uninsurable markets, that an ongoing attempt was being made by CareFirst to 
reduce overall expenses by insuring the less high-risk populations and streamlining expenses to make CareFirst a 
more profitable company. One could further argue that this is simply good business practice to make the company 
more competitive with commercial insurers or one could question if these decisions were made to make CareFirst 
more attractive to a potential buyer. Historically, Fortune Five Hundred companies have unloaded their unprofitable 
divisions or subsidiaries to increase profitability. A similar profile could be developed concerning the 
Massachusetts Blues. Both Maryland Blues and Massachusetts Blues pulled out of the Medicaid plans. Maryland 
Blues pulled out of Medicare while Massachusetts Blues wentto court to win a ruling on higher premium charges on 
Medicare supplemental policies. This allows Massachusetts Blues to continue providing Medicare coverage at a 
premium rate. Maryland Blues moved out of the individual and small market groups while Massachusetts Blues 
move away from a series of health clinics. Both Blues plans are positioned to make a profit for at least the short 
term. 0( course there is one major _difference- Massachusetts wants to remain as a profitable nonprofit and use 
some of its profits to fund a foundation for the uninsured. Maryland Blues wants to; sell the company, become a for
profit entity creating a foundation with the proceeds from the sale, and keeping the low risk insurable market with 
more competitive rates and greater profitability for its shareholders. · 

In spite of Massachusetts' success as a nonprofit, WellPoint of California and Anthem of Indianapolis already have 
5.3 million of the 82.6 million Blue Cross Blue Shield members and have been negotiating to take over 5.7 million 
more in Virginia, Maryland, Delaware, Kansas and the District of Columbia. Eventually, Anthem and Wellpoint are 
expected to go after more members in New Jersey and North Carolina. WellPoint executives cont_end that they need 
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access to the stock market to raise capital and compete more effectively with big insurers like Aetna, United Health 
Care (now a unit of United Health Group) and Cigna (Freudenheim, 2002). 

VALUATION 
Wellpoint's original offer for CareFirst was $1.3 billion, plus $119.6 million in bonuses for CareFirst executives. 
After public outrage at the size of the bonuses and questions about their legality threatened to sabotage the deal, 
Wellpoint lowered the bonus amount by $70 million. The $70 million was added to the offer, bringing it to $.1.37 
billion. There was still con~iderable controversy regarding the $50 million in retention bonuses and the size of the 
offer (Dickens, 2003). 

Jay Angoff, the compensation expert retained by the Maryland Insurance Administration, believed the price is lower 
than it might have been because Anthem Inc. a strong competitor of Wellpoint, was excluded from bidding 
prematurely. ·Another consultant, the Blackstone Group, placed the offer at theJpw end of it's estimated range of 
between $1.45 and $1.65 billion (The Blackstone Group .Final Report, 2003). The Maryland Hospital Association 
says the price is $500 million low and a sale is not in the best interests of Maryland. According to MHA president 
Calvin Pierson: ."The merger and acquisition are not necessary for CareFirst to survive and thrive as the largest 
health insurer in Maryland. Their market share is close to 50 percent, and they are strong financially as both a 
Maryland and a regional company" (Pierson,2003). Washington, D.C. consultants Appleseed Center for Law and 
Justice and Cain Brothers estimate the value to be $2.27 billion and between $1.65 billion and $1.75 billion, 
respectively (Salganik, 2003). 

IMPACT OF CHANGE FROM NONPROFIT TO FOR-PROFIT 
If CareFirst is sold to a for-profit company, the proceeds of the sale are expected to go into a foundation with the 
interest (estimated at $40 million a year) being available for some public purpose. The most widely discussed 
possible use has been insuring some of the estimated 600,000 residents who are without medical insurance. It is 
thought that $40 million would cover only a small percentage of this group - 17,000 to 32,000 working poor or 
12,000 individuals who have difficulty obtaining insurance because of health problems (Final Report LECG LLC, 
2003). 

Among the other consultant studies, The Wakely Consultant Group summarized their findings by stating, "the 
impact will not be consistently positive or negative, nor will the effects be equal" (Final Fairness Analysis, II, 2003). 
If CareFirst changes from a nonprofit to a for-profit company, it will lose its premium tax exemption, resulting in an 
increase in the cost of insurance and reduction in the number of insured and the level of insurance. Wakely says that 
there would be some plan changes affecting availability and prices, but because of the vigilance over rate increases 
by the Maryland Insurance Commission, there would be little affect on premium rates in the short term. Wellpoint 
did not present plans for broadening the market in Maryland. Based on the figures Wakely provided, Maryland has 
been doing a better job than California in recent years in reducing the percentage of uninsured persons: 

1998 
1999 
2000 

California 

20.5 
19.0 
17.9 

Maryland U.S. 

14.7 15.0 
10.9 14.3 · 
9.9 14.0 

Wakel~ didn't find th3:t the change would result in much affect on insurers and hospitals. , 

The Feldman Report (Feldman, 2003) used data from all HMO's in the U.S. over the period 1986-2001 and included 
61 HMO's that converted to for profit during that period. They found no clear evidence that HMO conversion was 

· either beneficial or detrimental to the -public interest. The report indicated that HMO's reduced their premiums by a 
small but significant and permanent amount when converting to for-profit ownership and that this was apparently 
not related to risk selection. In addition, they found that size and experience,.rather than owner status, determined 
profitability, that for-profit HMO's were perceived to have slightly poorer quality than non-profits, and that brand
name prescription drugs were slightly more expensive in for-profit companies. A DelMarva Report (DelMarva, 

263 



Proceedings of the 2_Q04 IEMS Conference 

2003) did not find significant effects, stating that most indicators were neutral to slightly negative. DelMarva was 
concerned that they were not able to get enough information from Wellpoint to make many well-informed 
determinations. 

CONCLUSIONS 
The CareFirst sale to Wellpoint was dealt an almost certain fatal blow in March, 2003 when Maryland Insurance 
Commissioner Steven Larsen rejected the sale, saying it was not in the public's interest. He indicated that the 
process was deeply flawed on several counts including the company dropping it's nonprofit mission without proper 
discussion, conflicts of interest on the part of executives negotiating the sale, and a poorly negotiated price resulting 
in a sale price below the company's fair value. Larsen reported that Wellpoint had not provided sufficient infor
mation to enable him to determine if parts of the public would be losing access to affordable health insurance, if 
benefits would increase or decrease, or if premiums would rise or fall. In addition, Larsen reported that, contrary to 
claims by CareFirst, the company did have sufficient capital to maintain its competitive strength -in the Maryland, 
D.C. and Delaware markets (Report by the Maryland Insurance Administration, 2003). Larson's account of the 
proposal was a scathing indictment of the handling of the sale by CareFirst management and Board of Directors. 

There is no question that CareFirst has strayed far from its original mission of providing insurance at "minimum cost 
and expense". This goal may seem somewhat idealistic in an era ofrapidly rising health related costs in the highly 
competitive health insurance industry. However, it is not too much to expect insurers to provide adequate coverage 
for. the people who need it at reasonable rates. Instead CareFirst, along with other nonprofit health insurers, has 
concentrated on maximizing profits,. dropping Medicare and Medicaid and insurance for higher health risk 
individuals. Adding to this, the apparent greed and self interest demonstrated by the executives of CareFirst, has 
resulted in a call for-reform of the company. 

On the last day of the 2003 Maryland Legislative session, SB 772 and HB 1179, as amended, was passed bringing 
about major reform to Maryland's largest health care provider. The major components of the legislation require: (1) 
.Ten of twelve Maryland board members be replaced over the next nine months. (2) Nominating Committee would 
appoint new members to the·board. (3) All members in all jurisdictions would serve a six-year term. (4) CareFirst 
would be precluded from attempting a conversion for five years. (5) Board members must be committed to the non
profit mission. (6) Greater authority of the insurance commission to review and approve employment agreements 
and severance packages1 (7) The board would set compensation policies based on standard and comparable salaries 
in the industry. (8) Pay for board members would be set at $12,000 per year for members and $15,000 per year for 
the chair. Finally, a 17 member oversight committee made up of legislators and others will review CareFirst's 
progress in meeting the legislative requirements over the next two years. 

At some point, it may be in the best interests of the public that CareFirst become a for-profit company. This was not 
the case with the recent Wellpoint deal. At present, the major priority for CareFirst should be to become a model 
nonprofit health insurance company serving the citizens of Maryland, Washington D.C., and Delaware. Over the 
next five years the public and legislature will have ample opportunity to determine the focus and direction of the 
reconstituted CareFirst. After five years, CareFirst will again be eligible for conversion. 
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AN ANALYSIS OF FACTORS THAT ENHANCE UTILITY OF 
ORGANIZATIONAL PERFORMANCE MEASURES 

Michael Bell and Astrid Heard 
NASA Kennedy Space Cent~r 

ABSTRACT 
Performance indicators with targets are required to evaluate performance. The Kennedy Space Center developed a 
framework, top level set of indicators, and in addition, performance measures were developed by individual offices 
and divisions. The objective of this study was to prioritize key factors that enhance the utility of organizational 
performance measures and enable decisions based on performance measures. Also of interest was the order of 
importance of the factors and the conditional probability of a specific performance rating, given a specific factor 
rating. This study was based on perceived performance rated by supervisors. Prior to the research, it was thought 
that the availability of technology for developing performance measures would not play a significant role in 
organizational performance. The results of the study established that thereis a key relationship between office 
performance and improvement insight. 

INTRODUCTION 
M~agement science is a collection of techniques based on mathematics, psychology, economics and other scientific 
approaches that help with the challenge of making complex decisions and provides a structure for analysis, and 
decision support. The total quality movement o(the 1980's spearheaded by W. E. Deming, Joseph M. Juran and 
Phillip Crosby promoted the extensive use of performance measurement (Goetsch 2003). The requirements of the 
Government Performance and Results Act (GPRA) of 1993 were designed to improve the accountability of Federal 
Agencies and their commitment to manage strategically. Selected indicators with performance targets were required 
to evaluate performance. A lesson learned from the National Performance Review intensive 6-month study of the 
.federal government by the Vice President in 1993 suggested that a specific framework should be defined to develop 
measures of organization performance. The Kennedy Space Center developed a framework, top level set of 
indicators, and in addition, performance measures were developed by individual offices and divisions. Over the 
years, a standardized format for performance measures was _ developed and recently a management information 
system was created to better deploy and institutionalize the performance measurement culture. 

RESEARCH QUESTIONS 
The objective of this study was to prioritize key factors that enhance the utility of organizational performance 
measures and enable decisions based on performance measures. The amount of time and effort associated with 
collecting and reporting organizational performance measures can many times out weigh the benefit obtained from 
them. Managers and technical people can spend at up to twenty five percent of their time reviewing metrics which 
can be of questionable value for their organizations (Brown 1996). The research focused on the relationship · 
between organizational performance and five key factors. The research provides information as to which factors 
have a significant relationship to the overall performance rating. These factors were derived from measurement 
system audits and self tests developed by Bob Frost in his book titled Measuring Performance and Mark Brown's 
book Keeping Score. These author's ideas were adapted to the unique management environment of the Kennedy 
Space Center. Also of interest was the order of importance of the factors and the conditional probability of a 
specific performance rating, given a specific factor rating. It was expected that the factors that show low importance 
and low effectiveness should be related to low organizational performance. 

The five factors examined were; Metric process documentation, Metric training, Metric development technology, 
Alignment of organizational measures with priorities and Insight provided for impr9vement. The factor "metric 
process documentation" is related to the amount of documentation that is available about how to create a 
performance measure, documentation about the KSC performance measurement system in general; documented 
requirements and Center policy regarding performance metrics. This factor was chosen in light of the Paperwork 
Reduction Act of 1995, the Center has tended towards less documentation. The factor "metric training" refers to 
that amount of training that has been provided and is available to the workforce to learn about other progress of 
developing performance measures and their use for managerial decision making. The factor "metric technology" is 
defined as the amount of autoination of the metric development and reporting process. This is inclusive of software 

. such as excel spreadsheets, databases and the web-enabled management information system. The factor for 
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alignment is related to the how close the current metrics are linked to the actual priorities of the Center that 
supervisors experience in their daily working environment. This factor was closer to the supervisor's sphere of 
influence, control and responsibility than factors such as available training and documentation. The last factor is the 
amount of insight that is provided to process owners of the me.tries for improving their process. 

METHODOLOGY 
The survey analysis followed the classical survey analysis _methodology outline by James K. Doyle in his book 
"Introduction to Survey Methodology and Design". The methodology consisted of the following activities 

Survey development 
Selection of most appropriate dissemination approach 
Dissemination of survey 
Collection of survey results 
Analysis ofresults 

• The initial survey was developed to provide a measurement of the "state of measurement" on Center. The audience 
was the entire population of civil service employees. This population consists of approximately sixty five percent 
engineers, fifteen percent professional administrative personnel, ten percent clerical, eight percent technicians and 
two percent supervisors and executives. It was later decided to focus only on supervisors because they are the 
middle layer of management considereded key to deploying any strategy or new initiative. In a survey of employees 
taken in the year 2000, employees overwhelming said that their preferred method for receiving information about 
new initiatives was from their direct supervisor. · 

An existing web-enabled survey mechanism was available at no cost which exported the survey data to a 
spreadsheet. Therefore, it was decided to collect survey input through a webpage. The system only allowed for a 
limited number of questions and since the respondent were asked to rated both the effectiveness and importance of 
. each factor, a very short list of questions was used. It was hoped that an advantage of this· shortcoming would be to 
maximize participation. A pilot test of the survey was conducted on two small sample groups to refine the wording 
of the questions. 

The survey was e-mailed to the one hundred and forty-four NASA civil service supervisors at the Kennedy Space 
Center. No pre-notification was sent to the survey group; however the request for participation came via e-mail 
directly from the Center Director. Typically a message sent directly from the Center Director is viewed as important 
will be acted on. The respondents were given one week to complete the survey. The survey asked them to rate the 
effectiveness and importance of five factors related to utility of performance metrics. · 

RESULTS AND ANALYSIS 
Eighty five out of the one hundred forty four supervisors responded to the survey resulting in a fifty eight percent 
response rate. This response rate is considered above average survey response arid the data can be seen as 
representative of the population. The first question on the survey asked supervisors to rate their departments' 
performance. Self assessment questionnaires have been widely used in benchmarking studies and are considered a 
valid proxy measure for an external assessment of performance. The analysis approach for. the survey data explored 
the relationships from a predictor - response standpoint. Overall performance was used as the response variable 
while the five ~actors were analyzed as predictors. 

Most supervisors rated their office performance either good or excellent. Figure_one shows the distribution of the 
supervisors rating of overail performance. The distribution of the rating does not fall into a normal bell shaped 
pattenr. The performance ratings are skewed towards the high end of the scale 
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Figure 1: Office Performance Rating Distribution 
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Table one shows the correlation between rating of office performance and rating of the factors and includes their 
associated p-value level of significance. The factors with the greatest correlation to overall performance were 
Improvement Insight and Priority Alignment. This result is not unexpected because those two factors play crucial 
roles in the activities of a leader (Frost 1998). Irr addition, the ratings of these two factors were highly correlated 
with each other. · 

Improvement Insight 
- Priority Alignment 
Documentation 
Technology 
Training 

Correlation 
0.551 
0.441 
0.335 
0.143 

-0.155 

p-value 
0.000 
0.000 
0.002 
0.192 
0.157 

Table 1: Correlation with Office Performance 

Prior to the research, it was thought that the availability of technology for developing performance measures would 
not play a significant role in organizational performance. It was suspected that organizations could achieve high 
levels of performance with or without technology. From this research, the correlation between Technology and 
Performance cannot be established with high confidence at the .01 significance level. In addition, the negative 
correlation between Training and Performance cannot be established with high confidence due to its p-value. 

The importance rating of the factors is shown in table two. The supervisors rated Priority Alignment and 
Improvement Insight the highest of the five factors. 

Priority Alignment 
·improvement Insight 
Training 
Technology 
Process 

Mean 
4.2235 
4.2235 
3.7882 

Std. 
Dev. 
0.8643 
0.8363 
1.0362 
0.9049 

Documentation 3.6235 1.0688 
1 = Unimportant, ·s = Very Important 

Table 2: Importance Ratings 
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Mean 
Office Performance 4.1412 
Priority Alignment 3.2588 
Technology 3.1412 
Process 
Documentation 3.1176 
Improvement Insight 3.0235 
Training 2.7412 

1 = Inadequate, 5 = Excellent 

Table 3: Effectiveness Ratings 
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Std. 
Dev. 
0.9018 
1.0136 
0.9531 

0.9687 
0.9756 
0.9278 

The effectiveness ratings are summarized in table three. An unexpected result was that training for developing 
performance indicators was rated the least effective. The Improvement Insight received the second the lowest rating 
of effectiveness although it was rated the highest importance. 

Table four shows the differences between importance and effectiveness rating. The Improvement Insight has the 
largest "gap".· 

Im ortance Effectiveness 
Improvement 
lnsi ht 4.22 3.02 

3.79 2.74 1.05 

4.22 · 3.26 0.96 

3.67 3.14 0.53 

Table 4: Importance - Effectiveness Gaps 

The Improvement Insight had the strongest correlation relationship with office performance so it can potentially be 
used to predict office performance. Table five shows the probability of performing at a specific level when the 
effectiveness of the improvement insight is known. 

Measures show where to IMPROVE? 
lnadeauate Poor Fair Good Excellent 

8 P(lnadeauate )= 0.286 0.000 0.000 0.000 0.000 
C P(Poor.)= 0.286 0.063 · 0.000 0.000 0.000 8 ra 

-5·e P(Fair)= 0.000 0.375 0.063 0.000 0.000 .g 
P(Good)= 0.000 0.500 0.625 0.429 0.000 Q) 

D. l ttll P(Excellent)= 0.063 0.313 0.571 1.000 

Table 5: Performance Prediction 
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From table five we see that Pr{Performance=Excellent I Improvement Insight =Inadequate} = 0.429, i.e. there is a 
43% chance a respondent will rate Office Performance= excellent or 5 if it is known they rated the effectiveness of 
their measures to provide improvement insight inadequate or 1. This indicates that improvement insight alone has 
limited prediction value. 

The survey included an open section for any general comments text comments. One third of the respondents 
included general comments in their response. Many of the comments support the need for better identification of 
improvement areas by the metrics. 

All of these studies and metrics are fine and dandy, but the ability to effectively act 
on them is severely lacking. 
We are now living with a bunch of metrics that were put together quickly to answer 
the mail instead of metrics that give use critical information that guide our decision 
making. _ 
The metrics should be an indicator of what areas -need to be evaluated. 
The integration of meaningful metrics into functional areas is one of the most 
frustrating problems I have had to deal with. 
We are spending too much time with metrics, trying to measure meaningless things 
and then there is no time left to do any real work. 
We should use structured tools such as 6 sigma to development improvement 
possibilities and to develop measures to see how we are doing and where else we 
need to improve. 

Table 6: Survey Comments on Improvement Insight 

CONCLUSIONS 
A prioritization of the factors elicited from the supervisors gave top importance to improvement insight. The results 
of the study suggest that there is a key relationship between office performance and improvement insight. Other 
factors not considered in the model such as the cultural environment are likely influencers and would help to better 
predict the office performance level. However, since a relationship does exist, it would be worth the effort to 
improve this area. 

The actions resulting from this study should involve more education and training for supervisors focused on 
developing measures that provide insight for process improvement and ensuring that the metrics are aligned with the 
division's established priorities. Increasing the availability of technology for developing or displaying 
performance measures should an area of focus. The appropriate amount of emphasis should be given to performance 
measurement to provide supervisors with a structure for analysis and decision support. 

FUTURE STUDIES 
This study is based on subjective performance rated by the supervisors who might tend to rate their performance 
higher than it truly is. The subjective nature of the responses would lead some to be skeptical of the validity of the 
results. Future studies would involve validating the survey results with focus group discussion. 
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CONFLICT DURIN_G ORGANIZATIONAL CHANGE: 
ACQUISITION OF A SOFTWARE DEVELOPMENT FIRM 

Cynthia F. Cohen, Stanley J. Birlcin, Murray E. Cohen, University of South Florida 
· Monica J. Garfield, Bentley College 

Harold W. Webb, University of Tampa 

ABSTRACT 
This qualitative study focused on conflict during an acquisition. We interviewed software developers, testers, and 
managers of a recently acquired organization. Their responses revealed profound changes in organizational culture. 
Nonetheless, conflict was well managed resulting from effective communications, financial rewards, security, 
respect, few changes in power or influence and good managers. 

In the aftermath of the dot com crash in the 90's and the subsequent downturn in the technology industry, many 
software development firms found themselves involved in mergers and acquisitions. For these mergers and 
acquisitions to be successful organizations were faced with the daunting task of creating a firm that capitalized on 
the strengths of the previously separate organizations. As the firms went through these organizational changes one 
key aspect to a successful outcome was the ability of the firms to handle conflict that would inevitably arise in such 
a situation. Conflict can arise from a wide array of actions (or inactions) and can have a very negative effect on 
many aspects of an organization (e.g., work life quality, communication, work processes, etc). 

As ubiquitous as organizational co~ict is, it has proved difficult to study in the field. The measurement of conflict 
episodes is problematic and generalizing from one situation to another is similarly challenging. A number of 
measures have been developed to capture some of the components of conflict, including emotional hostility, 
substantive dissension, and manifest conflict (Yeh & Tsai, 2001). Also, there are measures that identify different 
-conflict handling styles (Rahim, 1983). Yet, these measures do not necessarily provide us with a rich contextual 
description of how conflict occurs and is handled in an acquisition situation. 

A more general frame of conflict is the typology of goal, cognitive, and affective conflict (Table 1 ). Goal conflict is 
the classic conflict situation in which the preferred outcomes of those involved appear to be incompatible. Lack of . 
sufficient resources to satisfy all parties is a frequent source of goal conflict. Power imbalances are also sources of 
goal conflict. In addition to outcome incongruity, conflict often arises because ideas or thoughts are different. This 
is called cognitive or task conflict._ These ideological differences eventually can lead to goal conflict, but they are 
themselves a specific form of conflict in which the parties do not share a common way of analyzing or evaluating 
situations. Typical sources of cognitive conflict include different belief systems and task independence. Finally, 
feelings or emotions can be a distinct source of conflict. This is called affective or socio-emotional conflict. In 
affective conflict, the emotional content that the parties bring to the conflict process creates its own set of conflict 
problems. This is often expressed as emotional hostility. Affective conflict can interfere with the resolution of both 
goal and cognitive conflicts. 

TYPE 

GOAL CONFLICT 

COGNITIVE CONFLICT 

AFFECTIVE CONFLICT 

TABLE 1 
CONFLICT TYPOLOGY 

DESCRIPTION 

J>referred outcomes appear to be 
incompatible 

Ideas or thoughts are incompatible 

Feelings or emotions are incompatible 
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SOURCES 

Competition for limited resources, 
power, outcomes 

Beliefs, values, ways of thinking 

Fear, suspicion, anxiety, hostility 
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When an acquisition occurs there are numerous potential conflict catalysts. Obviously, the financial consequences of 
acquisitions are obvious potential sources of conflict. These might include changes in reward systems, pay 
referents, and available resources. Other possible sources are power and influence changes, particularly when local 
autonomy is reduced. There are ample opportunities for cognitive conflicts including changes to work processes 
and/or products, changes in leadership, and organizational culture (Schwieger & Goulet, 2002). Finally, studies of 
acquisitions have revealed a number of possible affective conflicts that embody negative emotional reactions 
including fear and uncertainty (Marks and Mirvis, 1985). Other potential affective components are lack of respect 
and distrust. 

There have been several studies of conflict in the software development process (Birkin, Cohen, Garfield, & Webb, 
2002; Barki & Hartwick, 2001). One of the participating organizations in a previous study of conflict in software 
testing was acquired shortly after the original study (Cohen, Birkin, Garfield, & Webb, forthcoming). Given the 
natural occurrence of such a situation, we were fortunate to have the unique and .serendipitous opportunity to engage 
in a qualitative study of possible conflicts that developed after the acquisition. Because conflict typology of this 
organization was studied prior to the acquisition, we could better assess the conflict that was attributed to the 
acquisition. We were interested in a number of factors that might have contributed to increased conflict at work and 
organized these within the framework of the conflict typology. In order to gain additional insight into this issue we 
have chosen to perform a qualitative study of conflict in the organization that was undergoing an acquisition. 

DATA COLLECTION AND ANALYSIS 
Software Design, Inc. 1 had existed for approximately twelve years prior to the acquisition. Employees were 
interviewed approximately nine months after the acquisition. The main focus of this study was to examine conflict 
between the software development and the software testing team after the acquisition (this group of employees were 
also the focus of the earlier work). At the time of the interviews, the firm had 87 employees, of which 22 were in 
software development and testing. Of those, we were granted an interview with 10 (five developers, five testers, and 

. two who were managers). We used. semi-structured interviews that were audio-taped. Transcripts were made from 
the audio-tapes, and these transcripts were analyzed for conflict themes. As the themes emerged from the data, 
categories were created and the transcripts were coded. Two researchers analyzed and coded the transcript data, and 
all portions of the transcripts with ·codes that were met with 100% agreement were utilized in the final analysis of 
the data. The interview subjects were extremely candid and their responses provided a rich tapestry of information 
concerning the conflict effects of the acquisition. 

The analysis of the transcripts revealed much commonality between the subjects as to the conflict effects of the 
acquisition. We put the responses ( and organized the emergent themes) into the broad· framework of the conflict 
typology discussed above. 

Goal Conflict 
As firms are acquired and merge there is often a period of goal conflict. Each firm may be trying to optimize their 
position within the now larger organization. Employees can find this time period full of uncertainty as it affects 
their own personal financial situation and the organization may also feel the pinch of how to distribute the 
organization's resources. Furthermore, reputation and respect tend to get intertwined with how power and influence 
are displayed and portrayed in the new organization. Table 2 contains a representative sample of the comments 
related to pot~ntial sources of goal conflict. · 

Individual Financial issues. Most of the subjects discussed the immediate impact of the loss of an initial public 
offering (IPO). They explained that many had joined the organization years ago with the thought that an IPO would 
be a strorig possibility. When the acquisition was announced, initially there was a lot of shock. However, potential 
conflict over the change in fim;mcial outlook was avoided by the generous sharing by the owner with the employees. 
Typical remarks on this event included "the amount of the average payout raised spirits quite a bit", "the acquisition 
was more lucrative to me than an IPO was", and "people, I thought, were very well rewarded". This widespread 
viewpoint concerning the financial changes included a savvy understanding that the hoped-for IPO was probably · 
lost in the crash following the Internet stock boom and reflected a realistic appreciation that any financial windfall 
was received. Ironically, the only employees who appeared to experience conflict over this issue were the more 

1 The name of this company is a pseudonym used to protect their privacy and to guarantee the confidentiality 
required for the study. 
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recently hired employees. As several subjects suggested "people who have not been here very long were somewhat 
disappointed" and "more recent employees actually felt cheated", and "the people who have left are the people who 
were here for a short time that they didn't get a big hunk". Moreover, the general satisfaction with the financial 
outcomes was enhanced by the fact that the package of benefits offered by the acquiring company were uniformly 
seen as a significant iinprovement and by the promis·e of a new merit raise system. 

One possible negative consequence of the acquisition was expressed by one subject in the following way: "and 
there's that missing motivational factor ... before it was always the motivational factor of 'Hey, we might be 
successful'. You know, there was always the carrot on the stick out there somewhere. And now, we all, pretty 
much, digested our carrot". 

Organizational Resources. Here again, the subjects expressed the perspective that resources would be improved 
with the acquisition. One of the iconic aspects of the culture of the software development firm was the "lean and 
mean" approach. Many of the subjects mentioned that they never had a copy machine, instead using a fax machine 
to make copies when necessary. The acquiring company was seen as a deeper pockets organization and the 
appearance of new computers was noted. However, several subjects mentioned that resources seemed to be very 
slow in coming. Typical comments include "we had hope there would be some site licenses ... that never 
materialized, "the acquiring company has training, but we haven't seen any of that yet", and "we figured resources 
would be shared; we haven't seen a lot of that". 

Power and influence. A final area of expected goal conflict was the change in the power base, particularly changes 
initiated from the new corporate headquarters. Interestingly, the subjects seemed to have a divided and somewhat 
contradictory view of this. Most mentioned that "it's almost as ifl don't know I'm working for the [acquiring 
company]". From a day-to-day operational point of view, most felt that they had not experienced significant 
changes. However, in several aspects, the control of the corporate parent was evident. Examples include "I get the 
impression that they're pushing the managers", "more formalized processes in hiring", "it's difficult to get anything 
-purchased", "they wanted us to use centralized recruiting at [corporate headquarters] and they were not responsive 
at all". Others characterized the acquiring company as very "hands-off'. · This is probably situational to the job 
functions of the persons interviewed. Those with hiring and purchasing responsibilities saw some obstacles 
resulting from the acquisition, while others did not experience extensive changes to their normal work routines. 

INDIVIDUAL FINANCIAL 
OUTCOMES 

"the amount of the average 
payout raised spirits quite a bit" 
"people who had not been here 
very long were somewhat 
disappointed" " 
"the acquisition was more 
lucrative to me than an IPO was" 
'People, I thought were very well 
rewarded"; 
"more recent employees ... 
actually felt cheated" 
"the big dollars went away 
already because the market 
crashed. And this was probably 
the second to best possibility" "in 
general I think people did very 
well" 
"it was more or less a stock buy-
out plus a thank you ... so it was 

TABLE2 
REPRESENTATIVE COMMENTS 

GOAL CONFLICT 

ORGANIZATIONAL 
RESOURCES 

" many of them expected or were 
told there was going to be far 
more integration or support" 

" we figured resources would be 
shared; we haven't seen a lot of 
that" 
"training still isn't happening 

~we have the backing of a large 
organization now" 
"unfortunately there hasn't been 
[ training]" 

"as far as resources, there are a 
lot more" 
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POWER AND INFLUENCE 

0 as far as our day to day 
operations and how we work, it's 
pretty much the same" 

"it's almost as ifl don't know 
I'm working for the [ new 
organization} 

J 

"more formalized process of . 
hiring" "it's very difficult to get 
anything purchased 

"they wanted us to 1;1se the central 
recruiting out of [ corporate 
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good" "they have bigger pockets and we headquarters] and they were not 
have more computers and more responsive at all" 
software" 

once I learned what was going to "some questions at Ute "They've pretty much been hands 
happen to each person, I was presentation, can we buy a copier off. You know, they have their 
pretty excited" "they definitely . now?" own little HR processes and 
reward· you for meeting your financial processes and PO · 
dates of deliverables. And much processes, things like that" 
more generous 

Cognitive Conflict. 
Cognitive conflicts would appear to somewhat inevitable in the aftermath of an organizational acquisition as process · 
changes inexorably accompany the acquisition. How employees make sens .of.the need for change and the effects 
of change itself will determine the level of conflict. Table 3 contains a representative sample of the comments 
related to potential sources of cognitive conflict. · 

TABLE3 
REPRESENT ATNE COMMENTS 

COGNITNE CONFLICT 

RATIONALE FOR ORGANIZATIONAL 
ORGANIZATIONAL CHANGE CULTURE 

CHANGE 
"it doesn't have that much to do with the · . "it's not the aggressive start up 
acquisition, but the acquisition was type company" "corporate 
helping it" culture creeping in ... people feel 

a little less connected to the end 
result" 

"there have been quite a few changes, We used to be a little looser in 
but I don't see that as [the acquiring terms of, you know, beer Fridays, 
company] ... we got larger" but we don't do that anymore" 
"I think the general growth had changed "they're less entrepreneurial 
things" minded" 

" we slowly changed, even before the "we're still a little family, but 

[ acquiring company] started" we're just part of a larger family" 

ICONIC CULTURE 

"work your 8 hours kind of 
place" 

"Always prided itself on 
working hard 40 hours· ... 
it's a little more relaxed" 
the work is very hard; it's 
not for everybody" [the 40 
hour week] "that has all 
changed. And that's 
probably a bone of 
contention for some people 
"we always kind of prided 
ourselves on an 8 hour day 

Rationale for Organizational Change. One area that may cause consideraple conflict during an acquisition is the 
belief that changes imposed by the acquiring company are not necessary or are unduly bureaucratic. For the most 
part, the subjects did not experience this conflict. Operational changes were sometimes welcomed, even by long
term employees. As one person mentioned "they started making changes we have been desperately wanting". Other 
aspecJs of change were rat1onalized as not necessarily relating to the acquisition, but were attributed to the normal 
life cycle of business growth. Observations such as "it doesn't have that much to do with the acquisition, but the 
acquisition was helping it" and "I think the general growth had changed things" demonstrate that the acquiring 
company was not seen as responsible for changes so much as the general organizational growth was. However, one 
of the managers interviewed did stress that "I think probably some of the people that worked here at the bottom 
level don't even realize to what extent things really ar~ changing'·'. 

Cultural Change The cognitive area that generated the most expressed conflict was the change in organizational 
culture. One subject described it as "plodding in the quagmire of the corporate world". Others described it as a 
"typical corporate environment .... People are feeling a little less connected to the end result" and "they bring their 
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own culture in .... There's a lot of "well, the way we did back at [another company] .... It's a little hard to take 
sometimes". This reaction is not surprising, given the development of the firm and the influence of the former 
owner. One telling quote from a subject was: "one simple little motivational speech could get whole company fired 
up". Another point that was made was "one you start segmenting you stop talking to each other, you have to send 
memos to each other as opposed to having beers on Friday". It is interesting to note that, although most felt their 
jobs were relatively unchanged, many felt the loss of the general entrepreneurial atmosphere. 

Iconic Culture The general entrepreneurial atmosphere that existed in the acquired company had lead to an iconic 
culture. There were strong ideas of how "we work" that set this group apart from their impression of what the more 
corporate like organizations were like. In addition to the previously mentioned "beer Fridays", almost every person 
we interviewed mentioned the "8 hour day". Unlike many software development operations that work late into the 
evening and on the week-ends, this firm had developed a very specific work ethic. It was described as follows: 
"work really hard your 8 hours was pretty much drilled into us ... we don't have chats at the water cooler, we don't 
do any of that, and we had our heads down for 8 hours and then we were out of there", "always prided itself on 
working hard 40 hours". This work ethic was changed by the acquisition and subjects felt the loss. As one put it 
"the 40 hour week has changed. And that's probably a bone of contention for some people". Another mentioned 
that, after the acquisition "I think we were here 7 or 8 week-ends in a row". 

Affective Conflict. 
When mergers and acquisitions occur emotions tend to run high. Anxiety can lead to hostility and or suspicion 
when employees are concerned about what the future holds for them. Perhaps one of the most interesting aspects of 
the acquisition involved the affective responses. Table 4 contains som~ of the comments we recorded. 

Initial Reactions to Acquisition. Several of the subjects had gone through acquisitions at firms they had worked for 
previously and had reservations about this one. As one put it: "We were skeptical of what's going on, you know, are 
they going to move us or cut us in.half. Everybody was a little skeptical in the beginning to find out." However, the 
-acquiring company did much to alleviate fear and distrust. Representative comments on the communication of the 
acquisition include "they did a good presentation to put everybody at ease immediately about theirjob security", 
"everyone should receive an offer letter and they got this in before the shock of the acquisition wore off, so you 
didn't start thinking about your job", "no one felt their job was threatened". Another factor that reduced anxiety and 
fear was the fact that the acquiring organization had a record of successful acquisitions similar to this one. 

TABLE4 
REPRESENTATIVE COMMENTS 

AFFECTIVE CONFLICT 

INITIAL REACTIONS TO ACQUISITION 

"did a very good presentation to put everybody at 
ease immediately about their job security .... So 
everything was about the employee from the very 
first second we were informed that we were getting 
acquired. I mean, I think it has put everyone at ease 
immediate! 
"everyone should receive an offer letter and they got 
this in before the shock of the acquisition wore off, 
so you didn't start thinking about your job just real 
seriously at that point, so the job [situation] was 

re ood" 
"no one felt their jobs were threatened; everyone 
understood the presentation well enough to know 
that it was actuall a ood thin " 
"its' nice to think it's going to be a larger, more 
stable com an " 

showin us how the have 

RESPECT FOR ACQUIRED FIRM AND 
MANAGEMENT CHANGES/ "US VERSUS 

THEM" 
"we've been very successful the way we were 
running a small business and so nothing from [ the 
acquiring company] involved any changes to that" 

"we are autonomous, trusting we were making 
money before" · 

"we heard they were basically instructed not to 
impose their culture on us because we were very 
successful unit" · 
"one of the things they said in the meeting was the 
liked the wa we were doin thin s" 
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maybe 10-12 successful off-site business units and the kind of person-he's got a lot of integrity and 
have that record for that time was little reassuring" you can trust that if he tells you something in his 

office, it's the same thing he's going to say behind 
closed doors" 

"initially, just uncertainty. We've been through a "there hasn't been one introduction of a new 
lot of lay-offs in the past. rve never been part of it. manager from [the acquiring company]" 
Wherever there have been lay-offs, I've never b.een 
laid off. We were skeptical of what's going on. You 
know, they werit "Are they going to move the whole 
office to [ out of state J ... or cut us in half, or 
whatever they were going to do. Everybody was a 
little skeptical in the beginning to find out" •' 

Respect and ''Us versus Them''.. Another area tha,t could lead to emotional hostility is lack of respect for the 
company, the employees, and the managers that were with the acquired organization. Again, the acquiring firm 
successfully avoid~d engendering these feelings among employees. Interview subjects said "one of the things they 
·said in the meeting was they liked the way we ·were doing things'~; "they probably acquired us for the product we 
had", "we heard they were basically instructed not to impose their culture on us because we were a very successful 
unit". This boost to the employee and organization self-estee~ lessened the emotional impact of the acquisition. 

A final element that can often create affect conflict is the "us versus them" mentality when the management team of 
the acquired organization is removed and replaced by managers who come from the acquiring organization. 
Fascinatingly, this did not occur. Management changes were generally well received and, no new managers initially 
came directly from the acquired company. Although several of these managers had worked in larger organizations, 
they did not specifically represent the acquiring company's culture. Comments on management included "there 
hasn't been one introduction of a new manager from [the acquiring company]". The managers that remained from 
the acquired unit facilitated the transition, as evidenced by this quote "[ our manager] has been a very good leader. 
He's the kind of person - he's got a lot of integrity and you can trust that if he tells you something in his office, it's 
the same thing he's going to say behind closed doors". 

DISCUSSION 
After our preliminary analysis of the transcripts, we met with all of the unit managers from the company to discuss 
our findings. These individuals had been through other acquisitions, some of which they described as difficult and 
unsuccessful. Our overall analysis of this a~quisition concluded that conflict levels were generally low and the 
conflicts that did occur were well managed. Table 5 summarizes our findings concerning ways in which the 
acquiring organization can help manage potential conflicts that follow the acquisition. One area of substantial 
influence appeared to be the first "all hands meeting" where the acquisition was disclosed. The open 
communications and assurances offered at this meeting blunted the skepticism and uncertainty that preceded it. 
Obviously, job security and remaining in the same location were important to the employees. Additionally, the 
successful record of acquisitions helped employees rationalize that the inevitable changes could be necessary and 
useful. · 

The specific conflicts that had been identified with hiring and with purchasing had been addressed by the time we 
interviewed the management team. These changes permitted the newly acquired unit to continue to use local 
recruiters and to expedite purchasing by having signature authority at the lQcal level. Although the hoped-for 
training had not y'et arrived, as changes in the IT structure continued, there were plans for training. The organization 
had taken the additional step of sending out an open-ended survey to the employees to get their reactions to a 
number of situations. As one employee said "we had a huge questionnaire to fill out. We were given ample 
opportunity to slam them on anything we wanted to." Efforts of this sort certainly help smooth the transition of the 
acquisition. 

Moreover, the respect that the acquiring organization gave to the acquired unit provided motivation for the 
employees. The opinion that the "carrot has been digested" was not widely held. In fact, many felt added pressure 
to perform well after the acquisition. As one put it "we 're a bigger fish now and more is expected of us" and a 
similar viewpoint was "either we're going to be a.major player or relegated off to the side". Additionally, the 
expressed feeling that the acquired company was desirable and successful on it's own terms ameliorated much of 
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the tension that can accompany an acquisition. Finally, the management team made an important contribution to the 
successful acquisition. Having new managers not from the corporate entity certainly mattered, but even more so the 
leadership of the existing managers helped to set the tone for the transition. 

Probably the biggest area of concern is the rapidly changing organizational culture. The iconic elements of the 
acquired organization (pre-IPO, "8 hour day", "work hard, play hard", "beer Fridays" and motivational speeches by 
the owner) are greatly missed. Also, there is a certain amount of disconnect from the end results in the new 
organization. Nonetheless, some expressed the cultural loss as a reasonable trade-off for greater job security and 
benefits. Clearly, however, some members of the organization will find that the new culture is not to their liking and 
there is likely to be turnover among those who specifically joined the acquired organization for it's unique culture 
and it's lack of corporate identity. 

CONFLICT 
TYPE 

Goal 

Cognitive 

Affective 

TABLE 5 
LESSONS LEARNED AND MITIGATING MANAGERIAL ACTIONS 

ORGANIZATIONAL CONFLICT 

SOURCES MITIGATING MANAGERIAL ACTIONS 

Financial • Share the wealth with loyal employees 
Outcomes • Provide for job security 

• Emphasize new employee benefits 
Organizational • Emphasize new resources . 
Resources • Deliver visible resource enhancements early 

• Plan and communicate longer term resource enhancements 
Power & Influence • Delegate authority with acquired unit where appropriate (localize 

power) 
• Protect core business processes in acquired unit 

Rationale for • Communicate reasons for acquisition in terms of the business 
Change environment and effect on individual employees 
Organizational • Evaluate effects of moving from a "start-up culture" to a 
Culture "corporate culture" 
Iconic Culture • Understand key icons in acquired unit 

• Evaluate effects of changing symbolic cultural elements 
Initial Reaction • Deliver top-down communication at key transition points (i.e. 

acquisition announcement day) 
Organizational • Build on a reputation of success in acquisitions 
Respect • Display trust in acquired unit's leadership and employees 

• Solicit bottom-up communication (anonymous and attributed) 

Organizational acquisitions are difficult. However, in this case, there are several factors that appeared important to 
the successful transition. The way in which the initial announcement of the acquisition was communicated set the -
tone for subsequent events. As previously mentioned, this process was very well handled and reduced much of the 
affective conflict. Second, the financial aspects of the loss of the IPO were offset by the voluntary and generous 
pay-outs from the former owner and by the realization that an IPO was very unlikely in the current economic 
climate. Many acquisitions do not have this element because the owner doesn't "share" or because employees fail to 
realize that the IPO was unlikely. Third, the conflicts that did occur generally were addressed quickly and 
successfully by the acquiring organization. Fourth, the managers played an important role in the changeover that 
benefited the smooth transition. , 

It is possible, however, that new conflicts will arise as the changes become more frequent and more evident. We 
asked for and received permission to come back in a year to further monitor the changes _resulting from the · 

. acquisition. At that time, we hope to be able to track those who have left the organization and those who have 
chosen ·to stay to enhance our .understanding of the long-run consequences of the acquisition. 

278 



Proceedings of the 2004 IEMS Conference 

REFERENCES 

Birlcin, S.B., Cohen, C.F., Garfield, M.J. and Webb, H.W. "Causes and Consequences of Conflict in Software 
Testing", Proceedings of the Global Business and Technology Association 2002 International Conference (June 
2002). 

Cohen, C.F., Birlcin S.J., Garfield, M.J., and Webb~ H.W. "Managing Conflict in Software Testing: Lessons From 
the_ Field", Communications of the A CM, forthcoming. 

Marks, M.L. & Mirvis, P.H. "Merger Syndrome: Stress and Uncertainty", Mergers and Acquisitions, 20 (2):50-55, 
1985. 

Rahi~, M.A .. "A Measure of S~yles of Handling Interpersonal Conflict';~ Academy of Management Journal, 26, 2 
(1983): 368-376. . 

Schweiger, D.M. & Goulet, P.K. "Explaining Acquisition Integra,tive Effectiveness Through Cultural Leaming: A 
Longitudinal Field Experiment", Academy of Management Proceedings, 2002. 

Yeh, Q. and C. Tsai, "Two Conflict Potentials During IS Development", Information and Management, 39,2 
(December 2001): 135-149. 

279 



Proceedings of the 2_004 IEMS Conference 

WHETHER FROM HERZBERG, HAWTHORNE OR HORACE MANN, 
THE BASICS WORK 

Warren Beatty and John Lew Cox 
The University of West Florida 

INTRODUCTION 
The fields of management and education are rife with theories. Many or most are good, depending upon their 
implementation. Any student in business has had an introduction to the theories and ideas of Frederick Herzberg as 
well as the famous Hawthorne Studies, and education majors [at least] have heard the public education ideas of 
Horace Mann. While the theories are interesting, it is perhaps more rare to have and reflect on practical examples of 
these theories/ideas. This paper reports on an actual example illustrating the ideas. It deals with a real-life example 
of the application of the th~ories of Frederick Herzberg and Horace Mann, together with the body of literature to 
come out of the Hawthorne Studies. 

Over the last three years, one of the authors was involved in presenting an American MBA program to a group of 
German students. As a prerequisite to their joining the MBA program, all potential students were required to take 
the General Management Aptitude Test (GMAT), which is a typical requirement for those desiring admission into 
advanced study programs in business and management. In general, many of these students' scores were less than 
sterling. The author devised thirty hours of training on the basic topics of the GMAT. The training was presented to 
three different groups of students, and the results-were recorded. For each of these three groups, some statistical 
measures were calculated of the results. The paper takes a more detailed look at the reasoning behind the offering of 
the GMAT "training," provides a debriefing of~ the improvement took place (beyond the "Well, certainly; they 
got instruction!" reaction), and m~kes suggestions to improve the training process further. 

TIE-IN TO MANAGEMENT/EDUCATION THEORIES 
The development and conduct of the GMAT training to better prepare the students can be tied into a number of 
management and education theories and ideas. Perhaps chief among these are Frederick Herzberg, Horace Mann, 
and the Hawthorne Studies at Western Electric. While these are standard fare in most basic ( and above) 
management and/or education courses, a short reminder of their contributions to the literature will be given here. 

Frederick Herzberg is best known for his two-factor motivation theory, which basically postulated that conditions 
within the workplace could be divided into motivators and hygiene factors. Herzberg interviewed 200 engineers and 
accountants concerning the things that led to their good and bad feelings about their jobs. "The study results led to 
Herzberg's two-factor theory, which states that two separate and distinct aspects of the work context are responsible 
for motivating and satisfying employees." (Hellriegel, 2005, 402) In the hygiene factors, he included such items as 
working conditions, salary, and security (among others). Herzberg believed that the presence of these things did not 
lead to higher levels of motivation (satisfaction), but without them, there would be dissatisfaction. On the motivator 
side, Herzberg included achievement, recognition, growth/advancement, and interest in the job. 

Horace Mann is known by some as the father of public education. He believed, and argued successfully, that 
economic wealth would increase through an educated public. Since this was true, he reasoned that it was in the self 
interest of business to pay the taxation for public education, and extrapolating, to help pay for the education of its 
employees. 

The Hawthorne Studies, conducted.at the Hawthorne works of Western Electric, considered the effect on workers of 
better supervision, increased pay, and other "motivating" factors in the assembly of;electromechanical relays. While 
there is both great support and radical criticism of the studies themselves, as well as of th~ir conclusions, the most 
(perhaps only) generally accepted conclusion from the Hawthorne Studies_is if you pay attention to your people, 
their output will increase. 

THE IMPETUS FOR THE RESEARCH 
There is much apparent inte~ational interest on the part of students and employers toward the earning of a U.S. 
MBA degree. Since this is true in Germany as well, it is not difficult to recruit students for a reputable U.S.-based 
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MBA program. The impetus for this paper lies in the experiences in instruction of such a U.S. MBA program to 
groups of German students. In general, most of these students have had fairly extensive training in the English 
language. Yet, the performance on the GMAT of the students entering the MBA program was not as high as might 
have been expected. Because of this, it was decided to develop a mixed.mode GMAT training program. To prove 
the worth of the concept and advisability of such training, an initial group of thirteen students was subjected to the 
GMA T training, with five of those taking a diagnostic GMAT after completion of the training. The GMAT training 
classes were conducted at the Fachhochschule International Worms. 

Following this first group's experience, leading to some tweaking of the training program, two additional groups of 
students, with sixteen in ·the second group, and twenty-six in the third group,. were provided the GMAT training. 
The GMAT scores of the second group were divided between those who attended all GMAT classes, and those who 
attended only the first and last classes. The third group was treated somewhat differently, with this .group being · 
given·the GMAT prior to training, then undergoing the training, then retaking the GMAT after completion of the 
training. In each case, and for all three groups, statistical measures were calculated of their performance, and the 
results are discussed below. · 

THE TRAINING 

The Initial Group 
In the skills set of the authors is the use of Internet-based instruction, as well as more traditional modes. Thus, the 
instruction developed and conducted for the first "guinea pig" group of students utilized a combination of traditiqnal 
lectures, the PowerPrep GMAT software from Educational Testing Services (ETS), and an Internet homepage 
developed by the author for student use. 

The PowerPrep GMAT software from ETS provides a complete GMAT review and training opportunity for students 
who wish to study outside of the training lectures. The software package includes a description of the GMAT 
Computer Adaptive Test (CAT) and the procedures for taking the GMAT CAT, a series of training and diagnostic 
questions for each section of the GMAT (including sections to explain why the correct answers are correct), and two 
complete diagnostic GMATs ·that introduce students to the exact format they will encounter when taking the actual . 
GMA T. The GMA T is currently administered using the CAT version of the test. Since the GMAT is no fonger . . 
administered in a printed form, it is imperative that the students be familiar with the CAT before actually taking the 
OMAT. 

The Internet homepage developed by the author provided a permanent source of study information for students 
preparing to take the GMAT. Topics addressed included: 

Overall GMAT Format 
GMA T Scoring 
Introduction to Computer Adaptive Test (CAT) 
General Test Taking Suggestions 
The GMAT PowerPrep Program 
Specific TestTaking Suggestions and Strategies 

Quantitative Test Section: 
General Mathematics 
Algebra 
Geometry 
Data Sufficiency Problems 

Verbal Test Section 
· Sentence Correction 

Reading Comprehension 
Critical Reasoning 

Argument and Issue Essay Writing 

The lectures. The lectures introduced the students·to the various sections of the GMAT. The three lectures were 
intended primarily to introduce students to the format of the GMAT and acquaint them with the instructions, 
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requirements, and use of the computer program that constitutes the current GMAT CAT. Students who are familiar 
with the GMA T require less time for the reading and understanding of instructions and requirements. Thus, the time 
saved can be utilized for the answering of questions. 

The first lecture focused on the essay writing assignment. Students are-required to write an essay expressing 
opinions about an issue, and an essay analyzing the use of logic in an argument. Thirty minutes are allotted for each 
essay. Specific characteristics 9f "good" essays were introduced, and strategies for writing essays that will receive a 
good score were developed. The specific strategies were also found in the "Argument and Issue Essay Writing" 
section of the above Internet homepage. Students were invited to submit practice essays for the professor's 
evaluation. Three students did so, and these essays were returned with comments and suggestions for improvement. 

The second lecture reviewed the "Quantitative" section of the GMAT. The initial portion of this lecture was 
comprised of a quick review of basic arithmetic concepts, particularly on operations with fractions, since the 
authors' experience with students of all countries and backgrounds suggests they tend to forget basic nuances of 
quantitative techniques. A review of basic concepts of geometry and algebra was also conducted, including terms 
specific to geometry. Thus, these reviews are designed to "refresh" students' memories of concepts and operations 
learned years ago, but partially forgotten because of lack of use. The "plug and chug" method of quickly developing 
answers to algebra questions was introduced. 

Most of the second lecture focused on the "Data Sufficiency" questions. The Data Sufficiency questions have a 
unique format and answer requirement that is confusing until it is mastered. Besides thoroughly acquainting the 
students with the question and answer format, a strategy was developed for improving the probability of correct 
answers through the elimination of incorrect answer combinations. Tlie strategy was fully developed on the 
homepage and students could reference it for specific details as often as needed. 

· The third lecture reviewed the "Verbal" section of the GMAT. The lecture consisted of a quick review of the 
-Sentence Correction questions, including a very brief review of principles of written English. Types of typical 
sentence errors and strategies for identifying the correct answer were developed. Strategies for answering Reading 
Comprehension questions were also developed. 

The primary focus of the third lecture was on the "Critical Reasoning" questions. These questions also have a 
unique format and specific requirements. The eight types of critical reasoning questions were introduced, methods 
of identifying each type in the GMAT were developed, and logical strategies for identifying the correct answers 
were covered. 

After the initial training described above, a diagnostic GMAT was administered to provide students with an 
opportunity to take the GMAT in an environment that was very similar to that of the "real" GMAT, with one small 
augmentation. Microsoft Word was used to write the essays instead of the word processor in the PowerPrep 
program, since Word permitted the saving of the essays on diskette for ease of evaluation and return to the students. 
The PowerPrep program requires that the essays be printed immediately and has no ability to save the essays on 
diskette. Otherwise, the PowerPrep program replicates the Quantitative and Verbal sections of the actual GMAT 
exactly. 

Results. Of the thirteen students undergoing the initial presentation of the training program, five students completed 
the diagnostic test after undergoing the GMAT training. Their scores were as follows. 

Quantitative Verbal Total 
Student Score Pct Score Pct Sc))re Pct 

A 28 33 16 9 380 12 
B 32 48 27 45 500 46 
C 27 30 16 9 370 10 
D 47 94 38 87 700 97 
E 22 15 23 30 410 19 
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For each category, a "raw" score and a "percentage" score are reported. The raw scores for the Quantitative and 
Verbal sections have, in and of themselves, no applicable meaning. The percentages indicate the percent of people 
who have taken the GMAT during the last few years who scored lower than the raw score. For example, Student A 
scored a 28 in the Quantitative section of the test, which provides no useful information. However, we can see that 
he scored in the "34th percentile," indicating that 33% of people who have taken the GMAT scored lower than "A" 
on this section. Thus, the percentage score provides a relative ranking of"A's" score compared to students with 
whom he is in competition for admission to graduate school. It is also obvious that "A" scored higher in the 
Quantitative section than in the Verbal section. This would indicate his future study efforts should be directed more 
toward the Verbal section since his percentage score on this section is far lower than on the Quantitative section. 

Much the same types of observations can be made of the other four students taking the diagnostic GMAT. In each 
case, the professor and the student are given a good feel for the needed direction of their study ,efforts. Some, like 
Student D, apparently need little if any exn;a GMAT preparation · 

The Second Group 
After the initial group of students was used to develop and prove the concept, the second group was handled a little 

.differently. This group of sixteen took the GMAT upon completion of the training, with their results divided into 
those who attended all GMAT classes, and those who attended only the first and last GMAT classes. Two 
hypotheses were set up, with the null hypothesis being that the two groups were equal in GMAT performance, or the 
group not attending all classes would have the higher average. The alternative hypothesis was that the group 
attending all classes would have the higher average score on the GMAT. Under the assumption that the null 
hypothesis is true, the probability of the observed difference in scores between the two groups ("attending" being the 
higher of the two) is 3.5 percent. Thus, the null hypothesis is rejected at the 95 percent confidence level. As an 
added statistic, the group attending all classes had a mean score of 476, while the group not attending all classes had 
a mean score of 385. 

Results. The raw scores of the attending and not attending students are as shown below. 

The Third Group 

Second Group GMA T Scores - Post Training 
Attended versus Not Attended 

Attended 
540 

. 510 
420 
640 
240 
460 
440 
530 
510 
470 

Not Attended 
350 
450 
340 
280 
500 
390 

The third group undergoing the GMA T training consisted of twenty-six students, and their statistics were gathered in 
a different manner. This group took the GMAT prior to the training, then had the training; then took a different 
GMAT at the conclusion of the training. Of the twenty-six students in the third group, eighteen had valid scores on 
both GMAT attempts. The remainder did not have two valid scores for a variety of reasons. One, for instance, 
scored 640 in his initial attempt, and was advised not to take it the second time. Others missed either the first or the 
second tests. For this group with two valid scores, the average GMAT score improved from 369 to 448. The 
probability of this increase occurring due to chance rather than because of the training is almost zero. 
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Results. The raw scores of the eighteen with two valid scores are as shown in the table below. 

Third Group GMAT Scores - Post Training 
First Attempt versus Second Attempt 

First Attempt 

250 
240 
250 
340 
360 
430 
240 
350 
330 
390 
400 
440 
500 
450 
460 
490 
370 
370 

Second Attempt 

330 
270 
300 
460 
420 
560 
280 
460 
390 
430 
520 

. 500 
570 
580 
610 
580 

-420 
420 

RECOMMENDATIONS 
After observing the three groups of students and their performance during the training and on the GMAT, it is 
recommended that the next training session consist of an initial four hour class for the administration of the pre
training GMAT. Students will take the _initial GMAT without any training or introduction. Three lectures of four 
hours each should follow the first GMAT, preferably on separate days. The volume of review requires a four hour 
lecture for each of the three major sections of the GMAT. An optional fourth four hour lecture (schedules 
permitting) can "wrap up" any uncompleted topics and provide an overall summary of the GMAT PowerPrep 
software and .its contents. A final class of four hours can then be used to conduct the post-training GMAT. This 
training format will provide a formal method of measuring the effectiveness of the training. 

It is also recommended that the Fachhochschule purchase a "site license" for the PowerPrep program. This will 
permit students to review and practice the GMAT at any time and at their convenience. The nature of the GMAT 
CAT is that it is never the same, so students can take the two complete CATs over and over and still benefit from the 
experience since it seldom if ever repeats questions. Further, the program permits students to look at incorrect 
responses and receive an explanation of why the answers are incorrect. Toward this end, the author has contacted 
ETS for-specific purchase information. 

CONCLUSIONS AND REASONS FOR SCORE IMPROVEMENT 
We believe there are many reasons for the improvement in the GMAT scores. The simplest is perhaps tied into 
Horace Mann's ideas on education. If you provide appropriate instruction, it would be expected that the students' 
scores would improve, be the test SAT, ACT, GMAT, etc. Perhaps this is a little simplistic . 

. The majority of the students participating in the MBA program (thus, the GMAT) were in the program with the 
support (monetarily or otherwise) of their employers. In addition, they were motivated by the possibility of their 
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receiving a better position, a more favorable review, etc., from their employer upon completion of the MBA. These 
tie in directly with the motivator side ofHerzberg's two-factor theory . . 

In addition, in direct support of the Hawthorne Effect, specific additional attention was paid to the students. There 
was a direct demonstration of "We know the GMAT can be difficult. We are going to provide some extra support in 
the form of training for the GMAT because we know it is important for you to pass the test well." Or, in more 
formal terms, Elton Mayo's "When employees (students) are given special attention, productivity is likely to change 
regardless of whether.working conditions change." is appropriate. (Hellriegel, 2005, 49) 

Finally, we suspect that sonie of the increase in the GMAT scores after the training may be due to some version of 
. the recency effect; i.e., if the GMAT was delayed for a few weeks or months after the training, much of the observ:ed 
improvement in knowledge might go away. · 

The bottom line is an argument can be made that the improvement in GMAT scores of the German students can be 
tied into any number of management/education/mot1vation theories. Yet, the objective of the training was simply to 
improve the scores . . This was accomplished. It is recommended that follow-on efforts continue to improve the 
GMAT training, and thus continue to improve the preparation of the students. 
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ORGANIZATIONAL TASK ENVIRONMENTS: AN EVALUATION OF CONSTRUCT VALIDITY 

Randall D. Harris 
California St.ate University, Stanislaus 

ABSTRACT 
This article addresses the question of the validity of the organizational task environment (OTE) construct. Empirical 
evidence regarding the validity of the OTE construct is presented. The results suggest that the OTE construct is not a 
valid construct. 

INTRODUCTION 
Determining the criteria for the validation of theoretical constructs is a critical issue for researchers (Campbell & 
Fiske, 1959; Venkatraman & Grant, 1986). It has been also been suggested that it is equally critical for researchers to 
carefully replicate, test and validate scientific research in order to determine its generalizability and usefulness 
(Hubbard, Vetter & Little, 1998; Tsang & Kwan, 1999). Scientific inquiry has a cycle of conjecture and refutation 
(Popper, 1968). 

Without bold and imaginative conjectures, no scientific theories can be 
generated, and no scientific breakthroughs are possible. Without attempts at 
refutation (i.e., critical testing of theories), we cannot separate a search for truth 
frpm wild conjectures, and no scientific progress is possible. Both conjectures 
and testing, creativity and rigor, are needed. 

{Tsang & Kwan, 1999, p. 775) 

_Venkatraman & Grant (1986) argue that a systematic evaluation of the validity of measures would provide a stronger 
basis for the interpretation of substantive research results in organizational strategy research (p.72). They propose 
five key components for the assessment of construct validity: content validity, internal consistency of operation
alization, convergent validity, discriminant validity and nomological validity (Venkatraman & Grant, 1986. p. 78). 

This study was undertaken to contribute to the measurement and validation discussion surrounding the OTE 
construct (Dess & Beard, 1984; Sharfman & Dean, 1991a & 1991b; Dess & Rasheed, 1991). The OTE measurement 
model proposed by Dess & Beard (1984) was replicated, using an independent sample. Because the sample size for 
this study was sufficiently large (Bearden, Sharma & Teel, 1982; Boosma, 1982), confirmatory factor analysis (CFA) 
of the data was possible (Long, 1983). The OTE model was then tested for both convergent and discriminant 
validity, using the multitrait-multimethod matrix {MTMM) approach originally proposed by Campbell & Fiske 
(1959). The MTMM test used in this study (Kenny & Kashy, 1992) was specifically designed for CFA techniques _ 
and has been demonstrated to be robust across a broad range oftest conditions (Marsh & Bailey, 1991). 
Establishing the convergent and discriminant validity of a model are key components of demonstrating construct 
validity (Campbell & Fiske, 1959; Venkatraman & Grant, 1986). Both the use of confirmatory factor analysis (Dess 
& Beard, 1984, p. 60) and this assessment of convergent and discriminant validity (Dess & Beard, 1984, p. 65) was 
anticipated by the original study. 

Within the framework of type ofreplication presented by Tsang & Kwan (1999), this study can be classified as a 
"conceptual extension" of the Dess & Beard (1984) model. That is, this study describes a replication of the original 
study using the same population (at a later time period) and a different method of analysis. The Rasheed & Prescott 
(1992) study was an exact replication, according to this classification framework. Two replications, with at least one 
being moderately dissimilar to the original study, have been suggested in the literature (Rosenthal, 1991; Tsang & 
Kwan, 1999, p.767). 

The results presented below indicate that the OTE model exhibits convergent validity, b1:1t that it does not pass the 
test for discriminant validity (Kenny & Kashy, 1992). This outcome suggests that the OTE model does not exhibit a 
key criterion for construct validity (Campbell & Fiske, 1959; Venkatraman & Grant, 1986). 
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There are several benefits that this study brings to 'the discussion. First, the sample presented here is independent of 
the original study. The time period studied here is the ten-year time period following the original study. Second, the 
sample size presented here (n=247) is much larger than the previous two studies. This sample size allows for 
structural equation modeling of the data (Bearden, Sharm~ & Teel, 1982; Boosma, 1982). Next, this study has built 
systematically upon the previous two studies (Dess & Beard, 1984; Rasheed & Prescott, 1992). The importance of 
careful, systematic replication to ~stablish a cumulative pattern of understanding has been stressed by previous 
researchers (Rasheed & Prescott, 1992; Hubbard, Vetter & Little, 1998; Tsang & Kwan, 1999). Finally; this study 
contributes additional information to the construct validity debate surrounding the OTB dimensions. 

HYPOTHESES 
The central research question of this study was whether or not the Dess & Beard (1984) construct would exhibit both 

· converg~nt and discriminant validity in a large, independent sample. An analysis by the MTMM niatrix (Campbell & 
Fiske, 1959) should provide empirical evidence regarding both of these facets of construct validity. 

In essence, this matrix involves factorially combining a set of traits with a set of 
measurement methods. This factorial combination of traits and methods allows 
an examination of variance that is due to traits, · variance that is due to methods, 
and unique or error variance. 

(Kenny & Kashy, 1992, p. 165) 

The study presented here analyzes measures of three traits (munificence, dynamism & complexity) by six methods · 
(see Appendix). Given the research conducted prior to this study, it was hypothesized that the Dess & Beard (1984) 
model would exhibit both convergent and discriminant validity. Therefore: 

Hypothesis 1: The OTB measurement model will demonstrate convergent validity. 
Hypothesis 2: The OTE measurement model will demonstrate discriminant validity. 

METHODOLOGY 
Data. Of the twenty-three variables chosen by Dess & Beard (1984) to operationalize their measures of the 
organizational task environment, six were eliminated during their study. Rasheed & Prescott (1992) also eliminated 
one more variable from this list during their study. Out of the variables left, only fourteen of these variables loaded at 
greater than 0.30 on one of the three latent variables (Kim & Mueller, 1978) in the original study. These fourteen 

· variables were chosen for data collection. 

A random sample of 250 SIC codes from the 1987 Census of Manufactures (1990) were chosen for this study. Due 
to incomplete or suspect information, three observations were eliminated from the sample. This left a final sample 
size of 247. 

The sources of data were the same as the original study, the US Bureau of the Census and the U.S. Bureau of 
Economic Analysis. The original studies used the 1977 US Census of Manufactures (1980) and the 1967 Input
Output Structure of the U.S. Economy (1974). This study utilized the 1987 US Census of Manufactures (1990) and 
the 1977 Input-Output Structure of the U.S. Economy (1984). Thus, the same fourteen measures were captured for 
the · 10-year time period following the original study. 

Variables. All but one v_ariable in this study was obtained from: the 1987 US Census of Manufactures. Munificence 
was.operationalized with the variables SALEGROW (Vl), PRCMGROW (V2), EMPLGROW (V3), VADDGROW 
(V4), and ESTBGROW (V5). These represented the growth in: sales, the price-cost margin, number of employees, 
value-added by manufacturer, and the total number of establishments. The growth rate was calculated as the rate of 
growth for ten years (regression slope), divided through by the mean of the dependent variable. The ten-year period 
from 1978 to 1987 was used in order to completely separate this study from the original (1967-1977). This method 
of calculation also enabled the measures to be standardized for industry size. These variables were considered to be 
derivatives of overall market demand that measured the relative rate of industry growth (Dess & Beard, 1984, p.58). 

Dynamism was operationalized with SALEINST (Vl 1), PRCMINST (V12), EMPLINST (Vl3), and V ADDINST 
(Vl5). These variables represented the standard errors for the industry rate of growth, again divided through by the _ 
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mean of the dependent variable to control for industry size. A fifth variable, INTMTURB (V22), was also used. This 
variable measure captured the intermediate market orientation of the industry, as measured by the proportion of 
industry output sold to intermediate markets. INTMTURB was the only variable obtained from the Input-Output 
Tables (1984), and was later dropped from the analysis. These measures were designed to be proxies for instability, 
defined as unsystematic, unpredictable change (Dess & Beard, 1984, p.58). 

The Complexity dimension was operationalized with SALEGEOG (V16), V ADDGEOG (Vl 7), EMPLGEOG 
(V18), and ESTBGEOG (V19). The Gibbs-Martin formula (Gibbs & Martin, 1962) was used to calculate the 
geographical dispersion of: sales, value-added by manufacturer, total number of employees, and number of industry 
establishments. These mea_sures were described as measures of environmental concentration-dispersion (Dess & 
Beard, 1984, p. 59). Appendix I gives a complete list of the variables, their method of calculation and the sources for 
the data. 

Missing data was present in 103 observations for the variables SALEGEOG (V16) and V ADDGEOG (Vl 7). These 
missing observations were estimated using BMDP (BMDP Statistical Software, Inc., 1990). These two variables 
were then suspect for two reasons: (1) The missing observations for these two variables represented 41 % of the total 
sample, and (2) The missing observations did not, on the basis of the BMDP analysis, appear to be missing 
completely at random (MCAR) (Kaplan, 1990). 

Data Analysis. The primary analytical tool used in this study was LISREL 8.3 (Joreskog & Sorbom, 1996). LISREL 
is a structural equation modeling package, and uses a maximum likelihood estimation algorithm. One of LISREL' s 
several uses is its ability to perform confirmatory factor analyses (Long, 1983). The original studies (Dess & Beard, 
1984; Rasheed & Prescott, 1992) used principal components analyses with varimax rotation. The two techniques are 
analogous. However, several points bear examination. 

_First, principal components analyses assume that all observed variables are affected by all common factors (Long, 
1983). The original OTE studies demonstrate a clear pattern of factor loadings, but their principal components 
analyses still loaded all of the variables on all of the common factors. The real interest, however, is in the specific 
loadings of the variables on their respective latent ( common) factors. An advantage of confirmatory factor analysis is 
the ability to specify factor loadings to be zero, and hence eliminate factor loadings that are extraneous and not 
substantively justified. This allows for a direct test of the convergent validity of each underlying variable by 
specifying a priori the pattern of factor loadings. 

Second, an assumption of the previous studies is the orthogonality of the three latent factors munificence, dynamism 
and complexity. Varimax rotation of a principal components analysis specifies an orthogonal rotation of the 
variables. Dess & Beard (1984) and Rasheed & Prescott (1992) also run oblique rotations of their data, and both 
conclude that their results substantiate the assumption of orthogonality. They argue on the basis of this result that 
their three factors are completely separate, independent dimensions. A question of interest in the present study, then, 
is whether this orthogonal structure holds up under repeated measurement in a larger sample. LISREL allows the 
researcher to directly test for orthogonality and to specifically isolate the variance in the model that is due to trait 
effects (Kenny & Kashy, 1992, p. 169). · 

Third, principal components analysis assumes that all unique factors (measurement errors) are uncorrelated. An 
advantage to confirmatory factor analysis is its ability to separate out these unique factors. In the context of this 
study, it allows the researcher to control for method effects across the three traits of Munificence, Dynamism & 
Complexity. Directly examining the variance due to trait and method effects is the essence of the MTMM matrix 
(Campbell & Fiske, 1959). Specifying the pattern of unique factors due to method effects, combined with examining 
the variance due to trait effects, allows the researcher to test for discriminant validity (Kenny & Kashy, 1992). 

There is a large literature regarding the evaluation of convergent and discriminant validity using confirmatory factor 
analysis (Kenny, 1976; Marsh & Hocevar~ 1983; Widaman, 1985). This study uses a mo~el originally proposed by 
Kenny (1979), the correlated uniqueness model (Marsh, 1989; Kenny & Kashy, 1992), to test for convergent and 
discriminant validity. The correlated uniqueness model has been demonstrated to converge across a broad range of 
test conditions (Marsh & Bailey, 1991). 
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The steps in the LISREL analysis followed the general procedure originally suggested by Bentler & Bonett (1980): a 
hierarchical comparison of parametrically nested models (Widaman, 1985). The analysis proceeded in stages. First, a 
null model was run to establish baseline conditions. Then, the factor loadings suggested by Dess & Beard (1984) 
were tested. Next, the orthogonality of the three latent factors was tested and trait effects were examined. Finally, the 
unique factors (measurement error variances) were released in a pattern designed to control for method effects 
(Kenny & Kashy, 1992). 

RESULTS 
A null model of independence was run first to establish baseline conditions. In this case, establishing the null model 
involved specifying each variable to load onto one factor (Lambda X specified as an identity matrix), specifying 
latent factor variances at one but not allowing the latent factors to covary (Phi as diagonal), and not specifying any 
measur~ment error variances or covariances (Theta Delta as a zero matrix). Essentially, the null model specifies that 
each observed variable loads on to one latent factor, and is used only as a ,starting point for analysis. This model (1) 
was used as the baseline for future models-(Chi-Square = 4270, df= 91, p = 0.00). 

The second model (2) loaded each of the observed variables onto one of the three latent variables munificence, 
dynamism and complexity. In LISREL terms, the Lambda X matrix was specified according to the pattern suggested 
by Dess & Beard (1984). The latent factor variances were specified (Phi as diagonal), and unique variances were 
specified but no unique factor covariances (Theta Delta as diagonal). Essentially, the variables were loaded onto the 
three latent factors, but no other modifications were specified in this model. The second model (2) represented a 
large improvement in fit (Chi-Square= 683.44, df. = 77, p = 0.00). The results from this model provided strong · 
evidence to support Hypothesis 1 (Kenny & Kashy, 1992, p.169). · 
Each of the observed variables converged onto the latent variables according to the design specified by the original 
studies. 

However, the second model failed to converge after 84 iterations. Several variables also failed to load at acceptable 
R-squared levels. Specifically, VS (ESTBGROW), Vl3 (EMPLINST) and V22 (INTMTURB) failed to load at R
Squares above 45% (VS= 11.75%, Vl3 = 43 .27%, V22 = 2.46%). On the basis of this evidence, these variables 
were eliminated from all further models. Vl6 (SALEGEOG) and Vl 7 (V ADDGEOG) were also suspect, even 
though they loaded into the model at R-Squares above 95%. There was evidence to suggest that the data for these 
variables was riot missing completely at random (MCAR). Due to the potential vioiation ofMCAR (Kaplan, 1990), 
these variables were also eliminated. The resulting model (3) converged quickly (38 iterations) and represented a 
large improvement in fit (Chi-square= 242.43, df. = 27, p = 0.00). · 

Next, the orthogonality of the late~t variables (munificence, dynamism & complexity) was examined. This allowed 
for a direct examination of trait effects in the model. The next model ( 4) freed the latent factor variances and 
covariances (PHI matrix). By freeing the PHI matrix, LISREL (Joreskog & Sorbom, 1996) allowed the three latent 
variables munificence, dynamism and complexity to freely intercorrelate. The fit of Model 4 (Chi-Square=l27.03, 
df=24, p=0.00) was a significant improvement (Difference in Chi-Square= 115.4, df= 3, p ~ 0.00). All three factor 
covariances also tested significant at the p<0.05 level. This model suggested that the latent variable constructs 
(munificence, dynamism & complexity) were oblique with respect to the other, and that there were significant trait 
effects. 

Finally, the unique factors matrix (Theta Delta) was tested. In this model, the unique covariances for variables that · 
shared a common meth,od were allowed to correlate. This was the test for method effects suggested by Kenny & 
Kashy (1992). Specifically, the unique covariances from Vl and Vl 1, V2 and Vl2, V3 and Vl8, and V4 and Vl5 
were allowed to correlate because these variables shared a common method of measurement. This procedure allowed 
the final model (Model 5), in effect, to separately test both trait and method effects. 

None of the four unique factor correlations tested significant. However, the final model (5) suggests good fit with the 
data (Chi-Square= 125.85, df = 20, p = 0.00). The final model is significant, but both the Tucker-Lewis (NFI) and 
the Bentler-Bonett (NNFI) indices indicate excellent fit (NFI = 0.95, NNFI = 0.93) (Tucker & Lewis, 1973; Bentler 
& Bonett, 1980). The final model continues to indicate significant trait effects, but a lack of method effects. The trait 
effects remain highly significant even after controlling for method effects. On the basis of this finai model, 
Hypothesis 2 was unsupported. 
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DISCUSSION 
Campbell & Fiske (1959) propose a method for the examination of convergent and discriminant validity, the 
multitrait-multimethod matrix. This study used an MTMM matrix test .designed for structural equation modeling 
(Kenny & Kashy, 1992) to test the Dess & Beard (1984) OTE model. With regard to convergent validity, the present 
study confirms prior research. All of the variables described by previous studies significantly load onto the latent 
variables munificence, dynamism and complexity as predicted. 

What about discriminant validity? The MTMM matrix tests for discriminant validity by separating and examining 
the variance in the model that is due to traits, variance that is due to methods and variance that is due to measurement 
error (Kenny & Kashy, 1992, p. 165). In order to demonstrate discriminant validity, the model should not have 
demonstrated significant trait effects after controlling for method effects. The unique covariances in Model 5 should 
have tested as significant, and the factor covariances should have been relatively small and insignificant (Kenny & 
Kashy, ·1992, p. 169). The results presented in Model 5 are exactly opposite to this hypothesized outcome. The 
model is dominated by trait effects, and this result holds even after controlling for method effects. 

In effect, the three latent factors are confounded, and are not orthogonal with respect to each other. The variables 
munificence, dynamism and complexity are highly correlated, with two of the latent variable correlations (factor 
covariances) approaching the 0.50 level. This result contradicts both Dess & Beard (1984) and Rasheed & Prescott 
(1992), who argue for a three-factor theory of independent environmental dimensions. 

Would another model fit the data? A two-factor model, Munificence and Dynamism plus Complexity, could possibly 
be made to fit the da!a, However, the same linear ·dependence that was found in the model constructed here would 
quite likely be present in a two-factor- model. Even if a two-factor model were fitted to the data, however, it would be 
difficult to argue that the model was not the result of statistical artifact. In any event, there is no theoretical 
justification for fitting a two-factor model to this data. 

·on the basis of this evidence, the results from this study suggest that the Dess & Beard (1984) OTE model does not 
demonstrate discriminant validity. Their results appear to be the result of measurement artifact. The question that 
logically follows from this conclusion is: why does the OTE model not demonstrate discriminant validity? Several 
points raised here may b~gin to address this question. One possibility is that the original study results (Dess & Beard, 
1984) and the replication study (Rasheed & Prescott, 1992) were a forced solution due to small sample sizes. 
Another is the strong possibility of linear dependence among the variables. Examining the underlying data closely, 
all of the variables in the final model share a common source, the Census of Manufactures. In addition, all of the 
variables share several common underlying sources. For example, VI and VI 1 use the value of shipments table in 
the Census of Manufactures, etc. The final model attempted to control for these method effects, but it is highly likely 
that common methods account for at least some of the resulting linear dependencies between the variables. Previous 
researchers have stressed the importance of the underlying methods being as distinct as possible (Campbell & Fiske, 
1959; Marsh, 1989). In the present case, the lack of diversity in the underlying sources of data and their · 
measurement may be one source of the problem. . 

Another, more serious, possibility results from the method of calculation of the underlying variables. For example, _ 
the munificence variables (VI through V5) were calculated using ordinary least squares (OLS) regressions on ten 
years of time series data. OLS regression estimates using time series data can be distorted by autocollelation 
processes, heteroskedasticity, or both (Green, 1990, p. 416). Because the munificence and the dynamism variables 
are calculated from the same underlying OLS regressions, autocorrelated processes are likely to have distorted both 
the latent variable estimates and their correlations. This problem may be exacerbated by the use of linear regressions 
on data that is log-linear. Later researchers have used logarithmic transformations o½sales, for example, before 
regressing the underlying data (Keats & Hitt, 1988). 

Finally, errors in the Census of Manufactures itself may have degraded the results. The presence of erroneous data in 
a research study can destroy a research effort and damage the management decisions made upon the faulty research 
(Rosenberg & Houglet, 1974, p.1303). Errors in variables produce OLS estimates that are not only biased but also 
inconsistent (San Miguel, 1977, p.641 ). Previous research has indicated that data errors are common in large 
archival databases (Rosenberg. & Houglet, 1974; San Miguel, 1977). This makes outlier detection ~ritical in such 
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research (Rosenberg & Houglet, 1974; Rousseeuw ·& Leroy, 1987), and again reinforces the necessity of using 
multiple measures from multiple sources when measuring latent variable constructs (Campbell & Fiske, 1959) . 

. Comparing this study's result against the criteria for construct validity proposed by Venkatraman & Grant (1986) is 
part of an assessment of the cumulative knowledge regarding the OTE construct (Tsang & Kwan, 1999). This study 
does not support the discriminant validity of the OTE construct and the Sharfinan & Dean study ( 1991) does not 
support the nomological (predictive) validity of the OTE construct. Both of these studies as a result do not support 
the content validity of the OTE construct. 
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FOREIGN ENTRY MODES REVISITED FROM AN ETHICS PERSPECTIVE: 
AN EXPLORATORY CASE OF THE TRANSITIONAL ECONOMY 

Timothy Kiessling, California State University, Stanislaus 
Marina Dabic;University of Osijek 

INTRODUCTION 
As multinational Corporations (MNCs) continue to expand globally they are entering into transitional economies 
such as Central and Eastern Europe (CEE) in search of new marketplaces. _ Strategy experts have focused on entry 
mode strategies such as exporting, greenfield, acquisition, and joint ventures utilizing such theories as agency, 
transaction cost and institutional in pursuit of explaining the phenomena of foreign market entry.. Yet very little· 
research explores the target countries' pers~nnel factors that may influence the success in entering the new market, 
and there appears to be a dearth in an interplay between a theoretical explanation for entry mode and the ethics of 
the target market. This research hopes to add this neglected aspect. 

. Recent research suggests that MNCs alter their strategies in respect to the empowered institutions within the host 
country (Oxley, 1999; Peng, 2000). A strategy that favors the use of existing institutions may minimize transaction 
costs (Hoskisson et al., 2000). This view becomes increasingly difficult in transition economies where the 
institutional framework is unstable due to the changing from a centrally planned economy to a market economy 
(Swaan, 1997). Although institutions are being developed in CEE (EBRD, 2003), networks ofrelationships still is 
the norm for business operations (Stark, 1996; Puffer, 1996; Meyer, 2001 ). Although institutions may alleviate · 
transaction costs in an unknown target host market by utilizing existing institutions, they are doing so through the 
host country's personnel, their relationships, and their knowledge of navigating the business landscape. Therefore, 
firms entering transitional economies that .rely on personal relationships as the motus operandi must understand the 
target market's personnel's ethics as this will not only be the focus of their success, but also their potential downfall. 
Ethical norms for business practices differ across countries by intensity and variety and managers entering 
transitional economies must be able to staff their divisions understanding this dilemma (Al-Khatib, e~. al., 1995). 
Several researchers have suggested formulation of ethical programs ( or aspects therein) that are country specific 
based upon religion/morality (Rice, 1999) or based upon Hofstede's (1980) cultural determinants (Weaver, 2001). 
Thus, the realm of current organizational theory on global ethics has been subjected to validation that is relative to 
the.social context ofboth the managers' home country and the traditions of the international management field 
(Peter and Olson, 1983). 

As firms move throughout the evolution from domestic, international, multinational, and then towards a global 
orientation, ethics programs will most likely also require reevaluation and adjustment. The local laws and customs 
may control a purely domestic firm, while the progression towards international and multinational may confound 
overseas business with foreign customs and laws. Pure adherence to the foreign local custom in each new country 
(i.e. bribes acceptable, child labor, asbestos and other carcinogenic usage, nepotistic employment practices, etc.) 
may not be acceptable to global firms as their ethics programs may not be in alignment through the organization. As 
international strategy consists of employing personnel ·with differing perceptions of ethics, a· MNC must be aware of 
the distinct characteristics to facilitate adherence to their internal general practices. 

This paper's focus is to provide a word ofcaution to the recent strea~ of research that suggests use of institutions 
for MNCs in transitional economies as a means to overcome transaction costs. First we discuss transitional 
economies and their i~portance to the global marketplace and MNCs in particular. Second we explore Institutional 
Theory in regard to mode of entry for MNCs and begin to develop our Hypothesis. After reviewing the data and 
results, we conclude and offer suggestions. . 

Transitional Economies 
This research will focus on transitional economies as they have become increasingly important to MNC operations 
(Arnold and Quelch, 1998; Batra, 1997; Griffith et al., 2001; Luo and Peng, 1999; Simai, 1999; Springer and 
Czinkota, 1999). Transitional economies are characterized by highly uncertain and dynamic market conditions. As 
such, the transitional economy context offers a unique opportunity to extend our understanding of global ethics. An 
emerging economy can be defined as a country that has a high pace of development and a government that is 
encouraging economic liberalization and the adoption of free-markets (Arnold and Quelch, 1998). 
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Central and Eastern European (CEE) transition economies are major business opportunities, though complex, as 
socioeconomic problems (e.g., high inflation and debt, high unemployment, organized crime) hinder MNC's 
subsidiaries performance (Tihanyi and Roath, 2002). Even with these issues, the CEE has attracted considerable 
foreign direct investment (i.e., $110 billion) by 1999 (UNCT AD, 2000) with another $27 billion alone in year 2001 
(UNCTAD, 2003). . . 

This paper focuses on Croatia, ~ a former socialist republic, because it offers some of the greatest opportunities of all 
transitional economies. Croatia possesses substantial commercial minerals, vast farming areas (3 .15 million hectares of 
agricultural land of which 63.4% is cultivated) and abundant human resources (4.5 million people). Further, continued 
legislative efforts to open Croatia to foreign investment are increasing its attractiveness to foreign businesses resulting in 
a stream of significant investments since its post-war independence, reaching over 1 billion U.S. dollars in 2000 alone 
(Ministry of Economy, 2000; UN, 1999). The investment in Croatia has been driven in part by the country's industrial 
growth that has been 6% for the past 3 years (the industrial sector employs 25% of the workforce and accounts for 95% 
of exports) (Ministry ofEconomy, 2000). 

Since declaring independence on June 25, 1991, Croatia has struggled through years of war and United Nation 
occupation in its movement from a planned economy to a market economy. From an economic standpoint, Croatia has 
officially embarked upon economic reforms aimed toward the development of a market economy. While the formal 
constraints governing the market have been relaxed, Croatia's economic transition is far from complete. While market 
trcU1Saction mechanisms, free competition, limited governmental intervention and open access to information are 
characteristic of developed Western markets, barriers to these key economic aspects remain in Croatia. Finally, there 
exists great uncertainty in business transactions resulting from ambiguity in policy enforcement, rate of projected market 
advances, etc., heightened by an unstable economic system. 

This study focuses on ethical behavior in the highly uncertain and dynamic market of Croatia and how MN Cs 
· should be wary of utilizing existing institutions and personnel in their entry mode strategy. In particular, it focuses 
. on the type of employee that would least likely enter into unethical organizational behavior, focus on self-interest, 
and have personal characteristics that may be detrimental to an organization. Based on a survey of 400 Croatian 
businessmen and 92 Croatian students, the results dispute the concept of working through established institutions if a 
firm wishes to have ethical consistency. Or at the very least, MN Cs must be wary of utilizing establish networks of 
relationships and staid institutions in CEEs. 

INSTITUTIONAL THEORY, OLDER EMPLOYEES AND ETHICS IN TRANSITIONAL ECONOMIES 
"Organizations require more than material resources and technical information if they are to survive and thrive in 
their social environments. They also need social acceptability and credibility" (Scott, 2000 (page 23 7). 
Researchers must be aware of the role and effects of institutions in transitional economies in reducing transaction 
costs (Hoskisson, et al., 2000, Meyer, 2001 ). This is particularly important in transition economies as firms face · 
high transaction costs such as lack of information about local partners, inexperienced agents, unclear regulatory 
frameworks, inexperienced bureaucracies, underdeveloped court systems and corruption. Institutional economists 
and strategists suggest utilizing institutions as the institutions assist in easing the cost of inter-firm business dealings 
and allow unknown parties to participate (North, 1990; Clague, 1997). As the greater the target environment 
constrains the optimality of firms' actions in addition to production factors traditionally emphasized in classical -
economics, institutions will represent important elements in influencing business activities (Eggertsson, 1990; Greif, 
1993). 

The development of institutional theory has led to insights in describing the actions of institutions due to their 
internal and external environmental pressures and concerns (Scott, 1987; Zucker, 1987). The institutional theory 
views organizations as social entities that seek approval for their performances in socially constructed environments. 
Organizations conform to gain legitimacy and acceptance, which facilitate survivaf (Meyer and Rowen, 1977). 
Internally, institutionalization arises out of formalized structures and process, as well as ihformal or emergent group 
and organizational processes. Forces in the external environment include ·those related to the state ( e.g. laws and 
regulations), the professions ( e.g. licensure and certification), and other organizations, especially those within the 
same sector. 

Institutional theory may be the antithesis of Transaction Cost Theory (Williamson, 1987: concerns efficiency of an 
organization) as it demonstrates how non-choice behaviors ·can occur and persist, through the exercise of habit, 
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convention, conveniences, or social obligation (Oliver, 1991) with rejection that organizational phenomena are the 
products ofrational choice based upon technical consideration (Westney, 1993). Although utilizing the target 
countries' institutions to facilitate business in hopes of eliminating transaction costs through their network of 
relationships, MN Cs must realize that the employees~-perspectives of ethical business practices will differ from their 
own. 

Older employees who are seen as having developed a network of relationships to "get things done'' in their career 
under the communist regime may be seen as a valuable commodity to a MNC. Increasing attention has been paid to 
the adaptation of strategies due to the demands of the institutions in the host economies (Oxley, 1999; Peng, 2000). 
For transitional economies, evolution of institutions appropriate to become a market economy is critical (Clague, 
1997). Lack of knowledge of transitional markets and the functioning of that market will increase transaction costs 
(Swaan, 1997).' Firms will attempt to negotiate the landscape by staffingwith employees who can negotiate through 
the maze of institutions by personal connections and networks. Net\\'.prk based coordination is important in these 
situations (Stark, 1996; Puffer, 1996). , 

In a marketplace, high levels of institutions contribute to transactional efficiency by allowing firms to conduct 
business with unfamiliar but more efficient parties (Greif, 1993; North, 1990). A large quantity of institutions 
allows firms to become specialized by the availability of market transaction mechanisms (Clague, 1997). 
Cooperative norms and societal trust facilitate inter- and intra-organizational cooperation (Putnam, 1993). Local · 
competitions may have developed capabilities for relationship-based management in their environment that 
substitute for the lack of institutional infrastructure (Hoskisson, Eden, Lau and Wright, 2000). · 

New divisions located overseas may be forced to confront foreign conventional business practices that are in conflict 
with the overall firm's ethical behavioral stance. For example, prevalent in post-communist economies is a term of 
"ironic freedom" (i.e., the freedom ofnot identifying themselves with the system) and "institutionalized hypocrisy" 
(i.e., the only hope of indiv~dual benefit is to find a way to exploit the exploiters}(White, 1979). Under the 
communist reign, onerous tax burdens, duties, tithes, and other destructive controls compounded the costly effects of 
living within the system. The only way an individual could "get ahead" would be to participate in the black market, 
or circumvent established -controls and the established system. MNCs attempting to start operations in these market
types can expect to be met with circumvention and opportunistic behavior. Therefore we suggest that: · 
JI1: Older-employees will be less ethical than younger employees in transitional economies. 

GENDER AND ETHICS IN TRANSITIONAL ECONOMIES 
Ethical considerations in regard to gender have been a topic of interest as the number of women taking positions in 
business has continued to increase (Venkatesh, 1980). Specifically, since men are more concerned with competitive 
success in business, they may be more prone to break the rules and laws of the MNC and commit unethical acts 
(Radtke, 2000). Gender is an important consideration in transitional economies as these economies in the past 
typically were dominated by men during the communist regime, but now women are entering the business world in 
huge percentages. MN Cs will have the opportunity to hire either gender and guidance would assist MN Cs -in 
tailoring ethical business practices in transitional economies. This new group of individµals (female) entering the 
business community may not have the established network of relationships, but could effectively counter-act 
possible ethical dilemmas. For example, females are more willing to participate in whistle-blowing in their place of 
employment (Sims and Keenan, 1998; McDaniel, Schoeps and Lincourt, 2001). 

Gender studies in the United States have suggested that females are more ethical than males. Females are bound to 
adopt a more ethical stance than their male peers (Weeks~ 1999; Clark and Barry, 1997). There are other studies that 
have mixed results where there is no difference on ethical judgment between males and females (Schminke, 1997; 
Singhapakdi ahd Vitell, 1990; Fritzche, 1988) so we hope to provide further efforts in exploring this phenomenon in 
the setting of a transitional economy. Males tend to be more concerned with achievement, advancement and power 
while females tend to value.harmonious relationships and nurturing attitudes (Gilligan, 1982). Therefore we 
suggest: 
H2: Women in transitional economies will be more ethical than mer,. 

EDUCATION AND ETHICS IN TRANSITIONAL ECONOMIES 
Previous research has suggested that education and ethics should be positively related (Yoo, 2002). Business 
schools have focused on not only preparing students with the basic tools, but also are trying to influence their ethical 
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behavior. Increasingly so, colleges and universities in the undergraduate level and more so in graduate schools are 
including in their curriculum ethics either as a stand alone course, or is interspersed throughout coursework. 
Business schools have added a mandatory ethics class to the degree program as an independent course or a 
component of existing coursework, partly in respon~e to the accreditation standards set by the American Assembly 
of Collegiate Schools of Business (AACSB) (Gunz and Mccutcheon 1998; Polonsky 1998). Our research explores 
whether these pressures have been applied internationally, and in particular, transitional economies such as Croatia. 
Also the higher the educated the employee, one would assume several other factors that would influence their ethical 
decision making. First, they would have been exposed to not only other students but knowledge of appropriate 
business practices. Secondly, educated business students will have more knowledge and compunction based upon 
their education to discern correct courses of action. Finally, the reputational effects of unethical behavior would be 
apparent to a student who has been educated. 
H3: The higher the education levels of the employee the greater their ethics. 

The Study 
Sample 
Data used to test the hypotheses consisted of 400 Croatian businessmen and 92 Croatian students. The four hundred 
Croatian businessmen were initially contacted via mail. Multiple follow-up phone calls and e-mails were used to 
stimulate additional responses. The 92 students were administered the questionnaire in the classroom. In all, three 
hundred and four Croatian business men responded to the questionnaire, for a 76.0% response rate, and all 92 
students participate for a 100% response rate. Respondents represented ages from 20-67, encompassing a wide range 
of industries including agricultural, biotech, chemical, electric equipment, leather, naval technology, plastics, 
printing, rubber manufacturing and electronics. Firm sizes were from under 100 employees to over 1000. Education 
levels varied from non-College educated to Doctorate holders. Thirty~four percent (34.5%) of the respondents were 
middle to upper management while ·the remaining 55.5% being line managers or non-managers. Of the respondents, 
48% were male. 

-Pre-test 
Pre-testing was conducted in two stages. The first stage consisted of refining the English version of the survey 
instrument. The initial survey was develope·d based upon pre-existing measures developed for and used within the 
United States. International market researchers, business professionals, and translators were used to examine the 
proposed survey packet with modifications made to minimize misinterpretation. 
Next, the survey instrument was translated into Croatian by an independent translator and back-translated by committee 
(cf., Brislin 1970; Sperber, Devellis and Boehlecke 1994). The survey instrument was checked for form and meaning 
equivalence with adjustments being made as necessary (cf., Sperber et al. 1994). 
Measures 
Independent Variable: Our questionnaire measured Ethical orientation based upon previous literature and single
country research. Ethical orientation was measured utilizing items measured on a nine point, Likert-type scale. The 
scale assessed the respondent's disagreement or agreement based upon Strongly Agree, Moderately Agree, Neutral, 
Moderately Disagree, and Strongly Disagree with the anchors of 1 for Strongly Agree and 9 for Strongly Disagree. 
Similar perceptual scales have been commonly used in studies of HRM practices and organizations ( e.g., Fey and 
Bjorkman, 2001; Ngo et al., 1998). Items included "give priority to ethical principles over economic benefits", 
"refrain from bending the law even if doing so could improve performance", "abide by contractual requirements 
even if doing so would be costly", etc. 
Dependent Variable: The study used very straightforward measures. Respondents were asked their age in years . 
Their gender was either male or female. Subjects' education was measured according to the following 6 categories: 
1) 4 or fewer years completed, (2) 5 to 8 years completed, (3) 9 to 12 years completed,(4) 13 to 16 years completed 
[Bachelors degree], (5) Masters degree, and (6) Doctorate degree. Respondents were also categorized according to 
"Type",-whether they were from the student sample or from the business sample. ~ 
Control Variables: Data were analyzed using correlation analysis and regression analysis. In the regression 
analysis, several control variables were also included. We included size of the company as a control since firm size 
larger firms have more resources to devote to business. Also firm size is important as the larger the institution the 
greater the pressures for employee to conformity of the institutions norms and culture. Firm size was measured 
-according to three criteria: (1) Less than 100 employees, (2) 100 to 1000 employees, and (3) More than 1000 
employees. 
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Finally, to further control for the potential impact of other factors, we ran separate ·regression analyses (with industry 
categorized in the following groups: 1) Agriculture, mining, forestry, fishing, (2) Construction, (3) Manufacturing, 
( 4) Transportation, communication, utilities, ( 5). Wholesale and retail trade, ( 6) Finance, insurance, real estate, (7) 
Services (example: hotel, restaurant), (8) Public administration, (9) Health care, and (10) other). None of these 
control variables were significant, and thus they were dropped form the regression analysis reported here in this 
article to preserve degrees of freedom. 

RESULTS 
Table 1 provides the means, standard deviations and bivariate Pearson correlations for the main variables used in the 
general linear model. Ethics was positively correlated with age, gender and type, but not correlated with education. 
The result provides preliminary support for all of our hypothesis except that of education and ethics. A more refined 
analysis to test these hypothesis, however, will follow. 

1. ETHICS 

2.AGE 

3.GENDER 

4. TYPE 

5.EDUCATN 

Mean 
S.D. 

-.172 ** 

-.130 * 

.129 * 

-.033 

5.592 
1.2873 

Table 1 

Correlations 

2 3. 

.056 

-.545 ** -.204 ** 

.061 

1.98 
. . 868 

-.001 

1.47 
.500 

** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 

4 5 

-.102 

1.20 
.400 

3.79 
.860 

General linear modeling was used to test our specific hypothesis. Table 2 shows the results of the general linear 
model for ethics in transitional economies. The model was significant with an R2 of .196. Age, Gender and an 
interaction of Age and Gender were significant providing support for Hypothesis 1 and 2. Further post hoc analysis 
illustrated that the gender for being more ethical is female. Also, that the older the individual the less ethical. 
However there was no significant relationship between Education and Ethics, thus providing no support for 
Hypothesis 3. · · 

Table 2 
Tests of Between-Subjects Effects 

Dependent Variable: ETHICS· 

Source Type III Sum df Mean F Sig. 
of Squares Square 

AGE 17.700 2 8.850 5.675 .004 
GENDER 17.045 1 17.045 10.931 .001 
TYPE 2.283 1 2.283 1.464 .227 
EDUCATN 14.399 6 2.400 1.539 .165 
AGE* GENDER 10.318 2 5.159 3.308 .038 
a R Squared= .196 
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DISCUSSION AND CONCLUSION 
The results of this study provide a relatively strong support for the existence of a positive relationship between 
ethics in transitional economies, or specifically in Croatia, and gender and age. The implications are important for 
human resource management and strategy research~rs and managers~ As global business has become the norm, our 
understanding of foreign markets continues to be a focus of research. 

Recent strategy research suggests the use of local institutions to lower transaction costs in transitional economies, 
yet this strategy may be fraught with personnel ethical norms that have been institutionalized during the centrally 
planned market economy. This research acts as a warning to those strategy scholars advocating such a strategy to be 
aware of the human aspect and the related ethical considerations of the personnel within an established bureaucracy. 
This research does not suggest that this strategy is not the course of action to be taken, but to make those aware of 
the pitfalls of such actions. 

As the Central and Eastern European (CEE) transition economies continue to grow in importance and MNCs enter, 
the complexity and socioeconomic issues of the market may challenge management to utilize established channels 
and local firms. This research is a beginning to assist MNC subsidiaries iri regard to the ethical considerations in 
staffing. Our findings suggest that women are more ethical than men. This finding is supported by domestic 
research in the United States. Many women are now entering the business market in Croatia as well as in CEE, so 
MNCsubsidiaries should be aware of these individuals to uphold the corporation's ethical posture. 

This research suggests that contrary to intuition, younger individuals tend to be more ethical than older individuals. 
This is likely due to the network of relationships developed and working outside of the system by older individuals 
influenced by the ex-communist-regime. · Accordingly, many of the older workers knew how ·to beat the system and 
work outside of the rules. The younger generation who have been exposed to the somewhat free market economy, 
tend to be more ethical as they h~ve not been institutionalized into circumvention of controls and norms. 

- Surprisingly, the level of education in regard to respondents and their ethics was not significant. We can only argue 
that educators in CEEs and Croatia understood the dilemma practitioners had to be successful in a centrally planned 
marketplace so did not discourage unethical behavior. Also, though ethics can be taught, the practicality of 
application is not important if not supported. The take away for this is that MN Cs must develop and then support 
ethics programs, as training alone without headquarter support will not be effective. 

Like all research, the present study has several limitations. Our paper begins to explore the question of causality. 
However, causality can actually be tested only with data collected at different points in time which future studies are 
urged to include. While this study makes important contributions to researchers understanding of ethics and 
tr~nsitional economies such as Croatia, further research should entail. 

j 
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EFFECTS OF MANAGERIAL ATTITUDES ON THE ACCEPTANCE SIX SIGMA METHODOLOGIES 

Thomas W. Philippe, St. Petersburg College 
Jerry W. Koehler, University of South Florida 

ABSTRACT 
A review of Total Quality Management and Six Sigma literature indicates that North American organizations have 
experienced significant problems implementing TQM and have experienced less resistance implementing Six 
Sigma. The purpose of this paper is to examine why North American organizations have struggled to fully embrace 
the core concepts and principles of TQM and eagerly accept the core concepts and principles of Six Sigma. This 
paper identifies the key dimensions of success and failure relevant to both TQM and Six Sigm.&, including 
management commitment, metrics, integr~tion, and organizational structures. · 

- INTRODUCTION 
In order to meet challenges of global economy, manufactures and providers of services must balance the economic 
and profit aspects of their businesses with the goal of achieving total customer satisfaction.. Quality become 
synonymous with process improvement and has become a business strategy that is now critical for success. Much 
has been written about the usefulness of process improvements programs and their effectiveness in organizations. 
Organizations in every business sector, including government, education, health care and nonprofit organizations 
have been working for a number of years to understand the principles, implementation and procedures of process 
improvements. TQM has been historically the center of this process improvement movement. TQM has its roots all 
the way back top Ely Whitney with the designing and manufacture of items with interchangeable parts. With the 
addition of Frederick W. Taylor's scientific management theories, and Walter Shewart's development of statistical 
quality control (SQC) came the ability to be proactive when dealing with quality problems and the birth of TQM. 
W. Edwards Deming integrated Shewart's Statistical Quality Control and Taylor's management theories into a 
operational approach which came to be known as total quality management or (TQM), and though Deming didn't 
personally like this term, this approach changed the way thousands of companies have operated their businesses 
(Brue, 2002). Total quality management (TQM) is defined as a management approach that places emphasis on 
continuous process and system improvement as a means of achieving customer satisfaction to insure long.;.term , . 
company success (Summers, p15; 2003). 

It was once thought of that TQM with its pursuit of continuous improvement was the management system that 
would ensure the success of a company. The TQM process was considered the best route for supplying high-quality 
products and services that would be able to.revitalizing American business. 

Total quality management is a philosophy that brings together customer focus, continual process improvement and 
long-term leadership commitment in an effort to integrate quality into all aspects of the organization. This customer 
focused, process improvement oriented approach results in increase satisfaction for the businesses customer. Total 
quality management efforts are characterized by the emphasis on determining the best method of operation for a 
process in the effort for continual quality improvement. This effort as defined by total quality management has no 
end. When the process is improved to some level, it will then be readdressed and continually improved. 

Six Sigma is a philosophy and methodology started by the Motorola Corp. when the company discovered that 
products with high first passed yield, those that made it through the production process defect free rarely failed in . 
actually use. In 1985_ Bill Smith, an engineer at Motorola, came up with the idea of inserting statistics and 
prescriptive methodology into what he considered a blurred philosophy of quality. In statistical terms, sigma is a 
measure of variation from the mean. The logic is straight forward in that the greater the value of sigma, the fewer 
the defects. Most compani~s in North America produce results around four sigma (or more than 6,000 defects per 
million). By contrast, at the Six Sigma level, the expectation is 3.4 defects per million opportunities (Basu, 2001). 

What Six Sigma initially became to Motorola was a simple and consistent way to track and compare performance to 
customer requirements and have a stretch target for practically perfect quality (Pande, 2000). Unlike continuous 
improvement or total quality management in which the goal is to always improve by small increments, the Six 
Sigma philosophy had an improvement target that consisted of an improvement of 100 times in four year period. 
Motorola achieve these goals using this approach. This methodology which is called Six Sigma can be described as 
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a comprehensive and flexible system for achieving, sustaining and maximizing business success. Six Sigma is 
driven by a understanding of customer needs as a main driver and with the discipline use of facts, data and statistical 
analysis with focused management commitment on improving business processes (Pande, p. 4, 2002). 

KEY DIMENSIONS OF SUCCESS FOR TQM AND SIX SIGMA METHODOLOGIES. 
In the key dimensions of success in total quality management can be described in a number of ways, Deming's 14 
points (Deming,.1982), Juran's ~ilogy (planning, improvement and control) (Juam Institute, 2001), Crosby visions 
of quality as free (Crosby,1979). These descriptions all present three similar main themes of Total Quality 
Management. These themes are customer focus, process improvement, and Leadership involvement (Dedhia, 1995). 

Customer Focus: It is the key to gaining a long-term competitive advantage is to continually meet customers 
expectation is in ways they recognize as adding value. Customer focus is the process in which an organization 
understands who the customers are, what they expect, how well the organization is performing from your customer's 
point of view. Focusing on the customer presents insight into the customer's expectations and is often referred to as 
listening to the voice of the customer. Customer focus requires that the organization describe the full set of product 
and service characteristics of what the customer needs. These needs include their level of expectations the relative 
importance, and the required satisfaction level. This description of needs or the voice of the customer can then be 
used as a yard stick for process improvement. 

Process Improvement: Process improvement begins by identifying the organizational outputs, customer's 
requirements and the work processes that produce these outputs. Process of improvement.continues by defining 
gaps between the customer requirements and org~izational outputs in relation to the work processes that produce 
the outputs. This analysis of the gaps, will lead to an understanding of the where the work processes are not 
sufficient to meet the customer requirements. The knowledge of the gap is then used to implement required changes 
so that when the effects are evaluated, the gap between what the customer requirements are and the organizational 
· outputs is narrowed. This c:ycle is' then repeated in a continuous fashion to secure continuous process improvement. 

Leadership Involvement: Tenner and DeToro quoted Joseph Juran in respect to involvement as "every successful 
quality revolution has included the active participation of upper management. We know of no exceptions" (Tenner 
and DeToro, p. 159, 1992 Quoting Juran from 1990). Total involvement aligns and integrates the efforts of every 
stakeholder; this includes the managers, the workers and the suppliers. The most important of the stakeholders are 
senior managers. Senior managers bare ultimate responsibility for the success of the organization this is because of 
their authority to set direction, established policy, and allocate resources. Senior managers are ultimately 
responsible to their customers, their employees, and their shareholders for the success of the enterprise. 

The failure of many TQM programs can be attributed to a number of issues, most of these center around the 
prevailing culture of the organization. The most important of these is that of management commitment. With out 
leadership commitment Total Quality Management may becomes a program that has an added bureaucracy and with 
it added overhead costs. Overhead becomes the prime reduction focus in times of organizations economic stress. 
Reward systems that reward for production or labor utilization rather then what is critical to the customer. This 
inadequate reward system will lead to a lack of "walk the talk" behaviors. The organizational leadership will 
espouse a quality ideal but will not create actions to facilitate those ideals. In many programs lack of financial 
metrics is the reason for the reduction in management acceptance. Without strong financial metrics to attract the 
attention of management in a language that is common to the leadership environment it is hopeless to expect to hold 
that attention for very long in the face of the many day to day organizational issues ( Brown, Hitchcock, and 
Willard,.1994) 

. KEY DIMENSIONS OF SUCCESS IN SIX SIGMA 
Six Sigma refers to a business philosophy,offocusing on continuous improvement by understanding customer 
needs, analyzing business processes and instituting proper measurement methods. The key dimensions of Six Sigma 
methodology are similar to total quality management except that Six Sigma drills down to a deeper level of under
standing. Six Sigma will only be successful in the organization has an environment that supports its continued 
inconsistent use. The basic dimensions for success with Six Sigma include management involvement dedicating 
full-time resources to project work; focusing improvement efforts on projects that will provide tangible, high-dollar 
returns; and using a disciplined approach to problem-solving, quality tool application, and project selection and 
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management. These same three factors are the ones that are most neglected in cases in which total quality 
management fail (McManus, 1999). 

One of the most important of these dimensions of six Sigma is to have management actively leading the 
improvement efforts. Six Sigma uses an increased focus on quality as the defined by the customer. The 
methodology uses reduction of variation as a more specific indicator of how well the process improving. Six Sigma 
prioritizes the improvement projects required by aligning resources to support the organization's key strategic 
initiatives. The Six Sigma process uses a prescriptive methodology to define the issue, measure the issue, analyze 
the issue, improve the issue, and create a climate of sustainability so that the issue will not reappear. Within each 
these steps of define, measure, analyze, improve, and sustain are more detailed statistical and analytical tools that 
give the user detailed output deliverables for each step. These deliverables can be compared with expectations to 
understand if the process is on track for its projected benefits in terms of organizational or customer requirements. 

Con~ider what can be learned (rom the shortcomings of the implementation of total quality management. Total 
quality management activities did not lead to a focus on the overall system in the bottom line financial metrics 
(Schmit, Kiemele, and Berdine, 1997; Breyfogle, 1999). Six Sigma uses financial metrics to understand how the 

· improvement initiatives affect the bottom line .of the organization. The use of financial metrics is the language that 
senior management can easily understand it has the added advantage of keeping the attention and commitments of 
senior management. 

Although many of its total quality management tools and the six Sigma quality management tools are similar or ~e 
same, it is the methodology or the application of these tools that sets one management technique apart from the 
other. Six Sigma is a different way of applying the TQM skill sets to meet the requirements of customers and 
organizations. It has been packaged as an organizational improvement product. What Six Sigma represents is a 
level of quality performance measured in system variation. Its current packaging, however, embraces what the 
successful TQM companies have been doing all along and what those who failed in their TQM initiatives forgot or 
chose not to do. As a result, it is gaining fast acceptance as the new improvement initiative and the replacement for 
TQM (McManus, 1999). 

This different application includes specific leadership accountability. Within TQM accountability is to management 
in amorphous_entity that is extremely difficult to define described or direct questions to. Resource allocation's can 
be seen in Six Sigma methodologies as a more specified formal procedure. Six Sigma has specific targets are 
defined for defect levels, process time and financial results to be considered for an acceptable project. Accordingly, 
clear and specific outcomes for defect levels, process time and financial results are defined before the project is 
allocated resources. If the project projections do not meet the specific targets and outcomes then resource are not 
allocated towards this particular project. A Six Sigma program can fail because emphasis was only an output 
measurements, and not real process improvement this can take the form of "beating people up to make their arbitrary 
set target". This type of management focus will surely create creativity and how to make the numbers look good 
and may or may not concerned real process improvement (Breyfogle, 1999). 

A significant difference between six Sigma and seemingly total quality management is the degree to which 
management plays a key role in regularly monitoring program results and accomplishments. This includes an 
engaged champion which has the available time to influencing and the control the teams and team members. This 
leader must be able to align the efforts of these teams and their overlaps and conflicts with other efforts in the 
organization. This engaged champion must have the accountability and responsibility for making things happen. In 
this way not only is the champion responsible for monitoring the six Sigma.improvement process but he is also 
accountable for its suc·cess or failure. This success and failure is measured by accomplishing the required reduction 
~ variation, by an increase in quality, by a reduction in defects and also did the project reach its financial targets. 
This aspect of senior leadership accountability keeps the six Sigma program from becoming lost in the day-to-day 
operations that many busy executives are required to attend to on a hourly, daily or weekly basis. 

CONCLUSION 
So why have organizations struggled to fully embrace the core cop.cepts and principles of TQM and eagerly accept 
the core concepts and principles of Six Sigma? One salient reason is that it seems to senior management that it 
works. Senior leadership can remain engaged in Six Sigma projects because senior leadership understands the 
meeting of financial targets. These financial targets allow the Six Sigma program to be analyzed in ways that senior 
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leadership and executives have always analyzed and understood projects on the basis of the bottom -line. Bottom
line results are what senior leadership can understand and therefore can rationalize resources towards six Sigma 
programs. Six Sigma organizations meet what is critical to quality and improve the organizational processes to 
outstanding levels. These organizations understand that to get resources to do anything in a resource limited 
organization you need to prove the projects worth in terms of the organizational goals and strategies. 

Quality tools work, but if they are used incorrectly, they can waste time, damage workforce morale, and diminish 
the credibility of leaders. The to·ols of quality will not correct, let alone eliminate, the organizational aspect that 
really impacts quality efforts the most. This aspect will either hinders organizational performance or creates a 
learning organization that is continually improving itself, this aspect is leadership. 
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A REVIEW OF INSTRUMENTS FOR MEASURING MORAL REASONIGN ALOES 

· Ewa A. Rudnicka 
University of Pittsburgh at Greensburg 

ABSTRACT 
Many business and engineering problems are ethical in nature. Literature contains several instruments for measuring 
moral reasoning/values. This article provides a review of instruments appropriate for college level /adult subjects. 
The three primary instruments are: Moral Judgment Interview (MJI), Defining Issues Test (DIT), and Moral 
Judgment Test (MIT) . . · · 

The Moral Judgment Interview (Mn) was developed in the 1980s with the purpose of operati'~nalizing Kohlberg 's 
theory on the stages of moral development. Kohlberg induced that (1 )-f'morality" is an individually defined, 
progressive phenomena, and-(2) moral judgment~ result from an individual's cognitive ability to interpret social 
events 

Rest developed a non-interview measurement instrument called Defining Issues Test (DIT) and adapted the 
Kohlbergian perspective using the value of cooperation rather than the value of justice. Measurement of an 
individual's moral reasoning level is accomplished through the calculation of a P-score or P-index,. a weighted index 
of the percentage of stage five and six reasoning used to resolve the dilemmas. 

The Moral Judgment Test has been constructed to assess subjects' moral judgment competence. The main score, the 
C-index, of the MIT measures the degree to which a subject's judgments about pro and con arguments are 
determined by moral points of view rather than by non-moral considerations like opinion-agreement. 

Other instruments including ~thics Position Questionnaire, Multidimensional Ethics Scale, Rokeach Value Survey, 
Ethical Reasoning Inventory, Measure of Moral Values, and Universal Values Survey are discussed_ briefly. 

THE MEASUREMENT OF ETHICS 
Literature contains several instruments for measuring moral reasoning/values. Table 1 below summarizes major 
instruments 1• This review examines college level /adult instruments. In Table 1 Administration and scoring is 
defined as the ease of administering and scoring with 1 =difficult, 2=moderate, 3=easy. Reliability and Validity were 
defined as:" How reliable and valid are the results determined to be "with scores:. !=low, 2=moderate to marginal, 
and 3=high. The database of assessment in~truments was built on work of Dr. James Leming and the Character for 
education Partnership's Assessment Committee2

• 

The MJI, DIT and MIT represent three primary methodologies for assessing the moral reasoning of individuals. 
Most of business research applies DIT and MIT as instruments of choice. They are easy to administer, short, and 
easy to score. They provide scores that allow evaluating subjects' level of moral reasoning. Moral Judgment 
Interview is very time consuming, expensive to administer, relies on verbal skills of individuals and requires trained 
evaluators. Other tests briefly discussed here have been used rather infrequently. 

MORAL JUDGMENT INT'.ERVIEW 
The Moral Judgment Interview (MJI) was developed in the 1980s with the purpose of operationalizing Kohlberg' s. 
theory on the stages of moral development. Kohlberg induced that (1) "mm:ality" is an individually defined, 
progressive phenomena, and (2) moral judgments result froni an individual's cognitive ability to interpret social 
~yents3

• The initial MJI procedure involved interviewing a subject after being presented with a series of situations 
involving moral conflicts. The subject is asked to answer a series of open-ended questions that are explicitly 
prescriptive so as to draw out normative judgments about what one should do, rather than descriptive or predictive 
judgments about what one would do. These responses enable the researcher to identify a single or a combination of 
stages of moral reasoning used by the individual. The MJI is designed to "elicit a subject's (1) own construction of 
moral reasoning, (2) moral frame ofreference or assumptions about right and wrong, and (3) the way these beliefs 
and assumptions are used to make and justify moral decisions',4. 
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The scoring method has been revised over the years in order to makes it less cumbersome. Colby and Kohlberg 
describe and outline a 17-step process for coding the subject's response into a stage scores. The steps are divided · 
into three sections: (1) breaking down the interview material into interview judgments (steps 1 through 6), (2) 
matching the new interview judgments with previous (standardized) interview judgments found in the scoring 
. manual ( steps 7 through 14 ), and assessing stage scores ( steps 15 through 17) 6• 

Table 1. Measurement of Ethics 

Defining Issues Test, Rest All . jsu~ject 2 3 3 

Rokeach Values Survey, Rokeach All Subject 2 3 3 

PROM (Measure of Prosocial Moral M.S. & Subject 3 2 2 
Reasoning), Carlo H.S. 

Moral Judgment Interview, Colby All !Interview 3 3 

I 
Ethics Position Questionnaire, Forsyth College Subject 3 2 2 

Social Reflection Questionnaire~ Gibbs All Subject 2 3 3 

Character Education Test, Greenberg Elem. Subject 3 

World Values Survey, lnglehart Adult Subject 2 . 

Values and Behavior Scale, Josephson Inst. H.S.& Subject 3 
Adult 

Moral Judgment Test, Lind All Subject · 2 2 2 

Universal Values Scale, Schwartz Adult 
Subject 

3 

Loehrer Virtue Assessment Questionnaire, M.S.& Subject 
3 2 2 

Loehrer H.S. 

Measure of Moral Values, Hogan College 
Subject 

2 3 

DEFINING ISSUES TEST 
Rest developed a non-interview measurement instrument called Defining Issues Test (DIT) and adapted the 
Kohlbergian perspective using the value of cooperation rather than the value of justice 7. DIT does not rely on the 
verbal skills of the individual. The test contains six hypothetical dilemmas that comprise a variety of social moral 
issues, none of which are directly related to a specific professional context. An abbreviated version of the test has 
three dilemmas. Subjects respond to the dilemmas by rating the importance of a series of statements prototypical of 
the different stages of moral reasoning. Requiring ranking and rating enable researchers to check for consistency of 
answers: Measurement of an individual's moral reasoning level is accomplished through the calculation of a P-score 
or P-index, a weighted index of the percentage of stage five and six reasoning used to resolve the clilernmas8

• 

DIT is the most popular instrument and has been used extensively in over 1000 studies. Numerous studies reported 
the test to have reliability in the 0.70 to 0.80 range9

• 
10 &ll _ Kay hypothesized that the DIT actually measures 

educational achievement, direct moral training, intellectual skills, and social values rather than a distinct 
developmental process12

• This hypothesis is not supported by previous studies 13
• 

14 &is_ . 
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Ideally DIT assesses an individual's propensity to use concepts of justice based on social cooperation in his/her 
moral thinking while the Mn assesses an individual's use of justice concepts focused more on exchange and/or 
reliance on universal and irreversible ethical principles. The two techniques are not directly comparable, as stage 
scores do not compare directly with P-scores. Weber an_d Elm compared the attributes of the Mn and the DIT 
shown in Table 2 16. · 

Table 2 Comparison of the Attributes ofMH and the DIT 

Attribute Moral Judgment Interview Defining Issues Test 

Conceptual -Justice as fairness -Balance for social equilibrium/Justice 
foundation -Hard stage concept -Soft stage concept 

-Structural stage definition -Content/Structural sta~e definition 
Demand -Formulation or production task -Recogn_jtion task 
characteristics 
Administration -Oral or written interview -Written survey 
process -Open-ended responses -Likert scale responses 

-Requires trained · interviewer . -Does not require trained administrator 
Data analysis -Content analysis coding -Mathematical calculation (percentage) 

-Stage score P score 
Data configuration -Discontinuous variable -Continuous variable 

-Limited parametric statistical -Full parametric statistical analysis 
analysis -Correlated with external criterion variables, 
-Correlated with external including action 
criterion, variables, including -Extensive prior research data 
action 

Reliability validity Re.liable and valid Reliable and valid 
Business application Adopted to business context Not yet adapted to business context 

MORAL JUDGMENT TEST (MJT) 
The Moral Judgment Test has been constructed to assess subjects' moral judgment competence as it has been 
defined by Kohlberg: "the capacity to make decisions and judgments which are moral (i.e. based on internal 
principles) and to act in accordance with suchjudgments"17 

• 

The main score, the C-index, of the MJT measures the degree to which a subject's judgments about pro and con 
arguments are determined by moral points of view rather than by non-moral considerations like opinion-agreement. 
The C-score ranges from 1 to 100. It indicates the percentage of an individual's total response variation due to a 
person's concern for the moral quality of given arguments or behavior. Following a proposal by Cohen (1985), the 
C-index is sometimes graded low (1-9), medium (10-29), high (30-49), and very high (above 50). A test-taker gets a 
high competence score only if his or her judgment pro and contra arguments show some moral consistency. The 
MIT lets us also measure subjects' moral ideals or attitudes, i.e., their attitudes toward each stage of moral reasoning 
as defined by Kohlberg. 

The scoring ofMJT takes into account the whole pattern of a subject's responses to the test rather than at single acts 
isolated form one· another. The simultaneous assessment of two aspects of moral judgment behavior, cognitive and· 
affective aspects, is the most unique feature of the MJT. To assign the MJT-items to the six stages, the coding 
scheme is needed and it is available from the author. 

· . MULTIDIMENSIONAL ETHICS SCALE (MES) 
Flory et al. and Cohen et al. developed the MES 18

' 
19 

& 
20

• They used the MES to measure ethical awareness, ethical 
orientation, and intention to take questionable actions. The MES as the measurement instrument permits insights 
into the cognitive ethical reasoning process and complements the DIT. The MES offers the advantages that (1) 
specific modes ( e.g. justice, deontology, utilitarianism, and egoism) of moral reasoning can be identified, and (2) it 
can be employed in profession-specific situations. These features permit the findings to be used t~ identify 
profession-relevant, specific errors in moral reasoning, which can be remedied in training programs 21

• 
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The instrument consists of a number of vignettes· describing a wide variety of ethical dilemmas that might be 
meaningful and faced by a professional. The MES comprises a multi-item scale, shown in Figure 1, in which 
respondents indicate the extent to which they believe that a particular action, described in a particular vignette, is 
ethical or otherwise-according to a given criterion. Five ethical theories are included in the instrument: 
1. justice (the idea of fairness to all), 
2. deontology (the extent to which an action is consistent with an individual's duties or unwritten obligations), 
3. relativism (the extent to which an action is considered acceptable in a culture), 
4. utilitarianism (the extent to which an action leads to the greatest good for the greatest number of people), 
and 
5. egoism (the extent to which one chooses an action based on self-interest). 

Means for all items can be computed and an analysis of covariance (ANCOV A) is then performed for the ethical 
criterions (ethical theories). Reidenbach and Robin have later since modified MES to include only eight items 22

• 

Just 

Unfair 

Morally right 

Not acceptable to my family 

Culturally acceptable 

Traditionally unacceptable 

Not self-promoting for the actor 

Personally satisfying for the actor 

Produces the greatest utility . 

Minimizes benefit while maximizes harm 

Does not violate an unwritten contract 

Violates an unspoken promise 

The probability that I would undertake the 
same action is · 
High 
The probability that my peers would 
undertake the same action is 
High 
The action describe above is 
Ethical 

I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 

I I I I I I I I I 

I I I I I I I I I 

I I I I I I I I I 

Unjust 

Fair 

Not morally right 

Acceptable to my family 

Culturally unacceptable 

Traditionally acceptable 

-Self-promoting for the actor 

Not personally satisfying for the Actor 

Produces the least utility 

Maximizes benefits while minimizes harm 

Violates an unwritten contract 

Does not violate an unspoken promise 

Low 

Low 

Unethical 

Figure 1. Multidimensional Ethics Scale (Source: Cohen et al., 1996) 

ETHICS POSITION QUESTIONNAIRE (EPQ) 
Schlenker and Forsyth developed the EPQ 23 

& 
24

• The EPQ was designed to measure ethical ideology along two
dimensions, relativism and idealism. The EPQ consists of twenty statements in a Likert scale format. Ten of the 
statements are designed to assess idealism while the other ten assess relativism. Typical items designed to assess 
idealism include "risks to another should never be tolerated, irrespective of how small they might be" and "if an 
action could harm an innocent other, then it should not be done". Typical items designed to assess relativism include 
"there are no ethical principles that are so important that they should be part of any code of ethics" and "questions of 
what is ethical for everyone can never be resolved since what is moral or immoraU,s up to the individual"25

• 

The EPQ has consistently demonstrated acceptable levels of reliability 26
_&

27
• Davis, Anderson and Curtis examined 

the construct validity of the EPQ by including a third factor - veracity. They concluded that the relationship between 
EPQ measures of idealism and moral judgments demonstrated modest predictive validity, but the appreciably 
weaker influence of relativism and the emergence of a veracity factor raised questions about the utility of the EPQ 
typology. 28 
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ROKEACH VALUE SURVEY (RVS) 
American social psychologist Milton Rokeach developed a survey instrument called Rokeach Value Survey (RVS) 
in 197329 

• . He defines value as: · 

"A value is an enduring belief that a specific mode of conduct or end-state of existence is personally or socially 
preferable to an opposite or converse mode of conduct or end-state of existence" (Rokeach, 1973, p.5) 
In the above definition, a "mode of conduct" refers to those values that he calls "instrumental values". The other 
dimension in Rokeach's definition is "end-state of existence" which corresponds to his "terminal values" 
classification. 

Rokeach identifies 36 values, 18 terminal values and 18 instrumental values. Terminal value items are designed to 
measure the relative importance of end-states of existence (i.e. personal goals). Instrumental value items measure 
basic approaches an individual might take to reach end-state values. In~!Jupiental values are basically the kind of 

. personal characteristics that we think highly of. Terminal values are the goals in life that we think are most 
important and that we feel are most desirable. The· two lists were designed to be reasonably comprehensive. Values 
are presented in alphabetical order and the respondent is asked to rank those values in order of importance by 
·writing in numbers from 1 to 18 (l=most important, 18=least important). Table 3 lists the 36 values and their 
definitions. 

Table 3 Terminal and Instrumental Values 

Terminal Value 

3. A sense of accom lishment (lastin contribution 

9. Ha iness ( contentedness 
, 10. Inner harmon (freedom from inner conflict) 

11. Mature love (sexual ands iritual intimac ) 

14. Salvation (saved, eternal life 

18. Wisdom (a mature understandin of life) 

Weber explored the relationship between personal values and moral reasoning to better understand, explain, and 
possibly predict decision-making and reasoning process30

• . . 

ETHICAL REASONING INVENTORY (ERi) 
The Ethical Reasoning Inventory (ERI), an objective instrument for assessing moral reasoning, was derived from 
Kohlberg's Standardized. Scoring Manual (Forms A and B) by utilizing standard probe questions to each dilemma 
by Page and Bode 31

• _ 

A total of 26 questions were derived from the six dilemmas in the manual. Where possible, answers to each question 
were written representing responses characteristic at stages 1 through 5 in Kohl berg's model. Stage 6 was excluded 
since it rarely occurs. In addition to the responses representing different stages, there were also items designated 
"nonsense" and "abstract". · · 

The ERI employs a form of branching technique to present the dilemmas and various response options. Each set of 
choices is followed by the next question, and so on. It takes about 50 minutes to complete the ERI (46 pages). 
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Scores on the ERI are obtained by calculating the average stage selection with stage 1 assigned a value of 1, stage 2 
a value of 2, etc. An alternative to using the averages is be to "stage type" individuals according to the modal stage 
selected. 

MEASURE OF MORAL VALUES 
Hogan and Dickstein developed a Measure of Moral Values in 1972 32

• Measure of Moral Values instrument 
consists of a series of 15 statements each posing a concrete moral issue. Statements were carefully constructed to 
contain an identifiable element of injustice, were expressed in simple matter-of-fact language, and contained the 
maximum ambiguity consistent with clarity. Respondents are instructed to read each statement carefully and 
assume that it has been made by a person with whom they are having a conversation. Then, on the line below each 
statement they are to indicate their reaction. Responses are graded for "maturity of moral judgment" using the 
following scoring elements: concern for the sanctity of the individual, judgments based on the spirit rather than the 
law, concern for the welfare of society as a whole, and capacity to see both sides of an issue. A response was 
assigned 2 points if any of the four scoring elements was clearly present, 1 point if any of the four elements could be 
easily and readily inferred and O points if none of the score elements was present. The scores could range from Oto 
30. 

UNIVERSAL VALUES SURVEY 
Following the work ofRokeach, Schwartz began the effort to resolve the issue of classifying value content33

• He 
derived ten value types defined in terms of its central goal, as follows. 
Power: Social status and prestige, control or dominance over people and resources. 
1. Achievement: Personal success through demonstrating competence according to social standards. 
2. Hedonism: Pleasure and sensu~us gratification for oneself. 
3. Stimulation: Excitement, novelty, and challenge in life. 
4. Self-direction: Independent thought and action-choosing, creating, exploring. 
5. Universalism: Understanding, appreciation, tolerance, and protection for the welfare of all people and for 

nature. 
6. Benevolence: Preservation and enhancement of the welfare of the people with whom one is in frequent contact. 
7. Tradition: Respect, commitment, and a·cceptance of the customs and ideas that traditional culture or religion 

provide. 
8. Conformity: Restraint of actions, inclinations, and impulses likely to upset or harm others and violate social 

expectations and norms. 
9. Security: Safety, harmony, and stability of society, of relationships, and of self. 
Fifty six values are included in the core survey, 52 to represent the ten postulated value types and 4 to capture a 
possible spirituality type. The values are presented in two lists, the first 30 phrased as terminal values (nouns), and 
the remaining 26 as instrumental values (adjectives), each followed by an explanatory phrase. Respondents rate each 
value on 9-point importance scale "as a guiding principle in my life," from 7 (of supreme importance), to O (not 
important), to -1 (opposed to my values). Respondents choose and rate their most and important values prior to 
rating the values on each list thereby anchoring their use of response scale. 
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SUCCESSFUL SPONSORSHIP AND EVENT MARKETING 

Kaylene C. Williams 
California State University, Stanislaus 

INTRODUCTION 
Sponsorship and event marketing can be important ingredients in a marketing program and are excellent ways to 
enhance brand loyalty. Corporations have experienced success in creating and promoting their own events, 
particularly when these events are based on solid communication and financial objectives as well as overall 
marketing strategy. That' is, successful sponsorship and event marketing must be well planned and implemented, 
and have something to say and contribute to the target market(s) addressed. Also, "any event that is successful must 
have an element of fun. The human element is what is critical to the success of any event" (Roach, 1995, 68). The 
purpose of this paper is to provide guidance on how to successfully sponsor a marketing event. As such, the paper 
consists of the definition, purpose, use, examples, and advantages/disadvantages of sponsorship and event marketing 
as well as tips for improving its use. · 

DEFINITION AND PURPOSE OF SPONSORSHIP AND EVENT MARKETING 
Meeiiaghan (1991, 36) has defined commercial sponsorship as "an investment, in cash or in kind, in an activity, 
person or event (sponsee), in return for access to the exploitable commercial potential associated with that activity, 
person or event by the investor (sponsor)." That is, sponsorships are titled events wherein a "property" sells its title 
to a corporate sponsor in exchange for key exploitation rights and financial or valued service corisiderations. It is 
not the same as patronage or philanthropy wherein the firm does not emphasize a self-serving business return 
(Quester and Thompson, 2001). Aiso, sponsorship is promotional in nature and differs from advertising in that the 
sponsor does not tightly control the medium and creative message. Rather than being handled through conventional 
media, sponsorships involve the 'staging of an event around which advertising may or may not take place. (Javalgi, 
Traylor, Gross, and Lampman, 1994) Sponsorship and event marketing are quite similar and sometimes the terms 
are used interchangeably. More precisely, however, sponsorship marketing involves a person, group, or team while 
event marketing involves a specific event. (Clow and Baack, 2004) 

The purpose of sponsored events is to increase brand awareness by exposing the brand to as many potential 
customers as possible through the use of signs, printed promotional materials, and media coverage. Secondly, the 
purpose of sponsorship is to establish, enhance, or change a brand image by linking the brand to a favorite cause, 
event, or sports team (Gwinner, 1997). As such, a sponsored event goes beyond traditional logo placement, signage, 
and ticket packages to a platform. that incorporates the brand's essence, enhances awareness and brand images, 
and/or delivers volume in a structure that can be owned and controlled. Given its weighty purpose, corporate 
sponsored events can be excellent investments of money, time, and resources (Hergert, 1999). However, 
sponsorships such as sports, entertainment tours and attractions, festivals, causes, and the arts can be very expensive 
and can take up to two years of advance planning and marketing (Ettorre, 1995). 

USE OF SPONSORSHIP AND EVENT MARKETING 
Since the days of Betty Crocker bake-offs, sponsored events have been used to create short-term sales bursts. Now, 
they are being used increasingly as permanent, integral marketing mix activities that build brand equity. That is, 
sponsored event marketing is "the orchestration and implementation of marketing activities for the purpose of 
building and communicating an association to a sponsorship" (Cornwell, Roy, and Steinard, 2001, 41). Event 
sponsorship can range from local Little League teams, educational partnerships, and health fairs to college 
basketball teams, around-the-world sail boat races, professional auto racing, the Olympic games, trade shows, new 
product and service road shows, distributor conferences, mobile marketing tours, i9teractive games, concerts, fairs, 
festivals, publicity stunts, and "brand ambassadors" planted in bars and on street comers to promote and demonstrate 
products. As such, sponsorship varies widely in terms of event type, dollar expenditure,· extent of.professional 
planning and objectives, number and type of participants, event frequency, media exposure, and geographic context. 
(Mack, 1999; Fitzgerald, 2002) 

North American sponsorship has steadily grown from under U.S. $1 billion in 1986 to almost U.S. $8 billion 
annually (Barrow,_ 2000). The top two spenders in the past several years have been GM and Philip Morris (Clow 
and Baack, 2004). Between 75-80% of sponsorship investment is in sports followed by the arts (10-15%) 
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(Thwaites, 1995). For example, Super Bowl XXXVII has been arguably the biggest single-event marketing day in 
2003. Also, sponsorships in the 2000 Sydney Olympics exceeded $1.4 billion (Lloyd, 2000). However, event 
marketing has slowed after the September 11 bombings, and often carries a patriotic theme. In particular, the Trade 
Show Exhibitors Association has painted a gloomy picture since 9-11 with average show budgets cut 28% from the 
previous year. The 2002 average budget was over $1.1 rilillion while the average 2001 budget was $804,000. Also, 
show participation was nearly halved with average exhibitor participation in 60 show in 2003 vs. 114 shows in 2002. 
However, this varies by industry. For example, automotive, technology, media/entertainment, consumer electronics, 
and health care are expecting their event marketing budgets to increase by an average of 23% with the average 
company using six outside agencies to handle its event marketing (Wasserman, 2001). Because the economy has 
been flat the last three years, event marketers will need to progressively quantify their return on investment in order 
to verify an event's worth. · 

Examples of Sponsorship and Event Marketing ~-- _ 
Some of the companies that are .leading the way i~ sponsorships include media, packaged goods, telecom, financial 
services, beverages, automotive, consumer electronics, and dot-com companies. (Barrow, 2000) Examples of 
sponsored marketing events are presented below: 
1. For 40 years, GM has been involved in golfing events, especially the PGA Tour. Buick is the title sponsor at 

four or five PGA Tour locations each as well as showing a presence at other tournaments. Buick varies the 
model offered depending on the projected audience for the event. There is a match between the target audience 
(golfers and golf fans) and Buick's target market, i.e., an upscale, primarily male who is similar to the profile of 
a typical Buick owner. Buick offers free tickets to attend through in-store promotions at Buick dealers, 
sweepstakes, and test-driving campaigns. (Fitzgerald and Lico, 1999) 

2. Georgia credit unions have been corporate sponsors of Atlanta's premier Holiday Parade and Festival of Trees 
celebration benefiting the Egleston Children's Hospital. This good cause and general public event cost them 
$20,000. However, they received these benefits from their investment: signage rights, honorary tree, animated 
float in parade, voice-over announcements on TV and radio, 30-second commercial during the parade, a four
color quarter-page advertisement in the program book, logo recognition to 2.45 million people, and volunteer 
employee participation. (Hergert, 1999) 

3. Positive effects can be attributed to Olympic sponsorship: unprecedented media coverage, unique and superior 
quality advertising, and special event "rub off' on the sponsors (Stipp and Schiavone, 1996). At the Atlanta 
Olympics, AT&T created a giant "Global Olympic Village" where athletes and their families could make 
overseas phone calls. In addition, GM created an enormous "Century of Motion" pavilion in Atlanta, featuring 
a lavish display of GM cars. (Beatty, 1996) 

4. Here are some examples in the fair industry: McDonald's has sponsored the petting zoo at the Kansas State 
Fair, Quaker State has sponsored the Boy Scout Pinewood Derby, Alabama Farmers Federation has sponsored 
pig racing, and Land-of-Lakes has sponsored quick bread contests (Muret, 1994). 

5. Tobacco companies sponsored at least 2,733 U.S. events between 1995-1999 totaling some $365.4 million. 
Tobacco sponsorships often involved numerous small, community-based organizations, both through direct 
funding and through grants to larger umbrella organizations including the public health infrastructure. 
(Rosenberg and Siegel, 2001) · 

6. GM developed a tie-in promotion between its Oldsmobile Intrigue sedan and the first X-Files movie. They 
_ w~nted to attract young, married adults with children to test-drive the Intrigue. The "X-Files Expo" was held in 

several major cities and offered attendees free movie tickets, prizes, and photo opportunities with the stars of 
the film. It resulted in 8,554 consumer test-drives for the Intrigue and 10,000 requests for information about the 
car. (Bank Marketing. 1994) 

7. Snapple sponsored the "Dye Hard Snapple Tour" wherein fans could get wacky haircuts, dye jobs with dyes 
reflecting Snapple flavors, and makeovers. Giant Snapple botiles dressed up and accessorized with makeup and 
haircuts offered by the tour's stylists. The "barbershop on wheels" made retail stops in 12 markets up and down 
both coasts. Approximately 73 million impressions were made including 43 million from public relations. 
(Butler, 2002) 
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Why Do Companies Sponsor Marketing Events? 
The use of sponsorships and event marketing can have many important advantages and disadvantages for the 
organization (Gwinner and Eaton, 1999; Cornwell and Maignan, 1998; D'Alessandro, 1998; Polansky and Speed, 
2001; Cornwell, Roy, and Steinard II, 2001; Speed and Thompson, 2000; and Harvey, 2001): 

Advantages 
• Enhances corporate awareness and image 
• Builds brand awareness and equity 

Has recall and persuasion effects like advertising 
• Provides the ultimate "ownership" position 

Delivers volume exposure 
Can make a lot of noise and cut through the clutter 

• Impacts consumers, media, retailers, licensees, and trade 
• Brings together advertising, PR, sales promotion, and business-to-business under one umbrella 
• Builds incremental sales volume as a return on investment 

Can help overcome logistical problems and gain wider distribution 
Provides great sampling and demonstration opportunities 
Helps build image attitudes 
Can penetrate more than one market 

• Can create community goodwill and a mechanism to give back to the community 
• Can temper cash donations with in-kind donations 
• Is a cost effective form of promotion with potential to generate free publicity 
• Can be used to launch a n~w product · 

Exposes the product/service directly to the market 
• Can generate goodwill among consumers 
• Can help boost morale for employees who participate or attend 
• Can be an opportunity to educate the market rather than plead for its attention 

Disadvantages 
• Sponsors may underwrite an event without actual ownership or control 
• May not be able to match a marketing niche with an appropriate sponsorship property or event 
• May create only short-term bursts of results 
• Can be a huge financial investment with significant risk 
• Can be planned piecemeal and end up with piecemeal results 
• If the event goes wrong, the brand can suffer 
• Difficult to monitor the effectiveness of event marketing 
• Sponsorships and event marketing are still in their infancy 
• Difficult to calculate the tangible and intangible results 
• Difficult to measure the short-term and long-term effects 
• Difficult to forecast revenue from a sponsored event 
• A company may get mismatched with an inappropriate event 
• Disorganization may negatively reflect on the brand, store, or company image 

Tips for Improving the Use of Sponsorships and Event Marketing 
Between 1985 and 1995, the number of brands becoming event sponsors increased threefold (Cornwell, Roy, and 
Steinard, 2001). However, growth does not equal success. For example, consumers are not impressed by self
serving sponsorships. (Cornwell, Roy, and Steinard, 2001) The following tips are offered for improving the use of 
sponsorships and event marketing: 

J 

1. Actively and strategically manage the risk that is associated with event marketing-A company has to pick the 
right kind of event and actively-manage its property and/or affiliation associated with it in order to maximize 
returns. Active management of sponsorships can help to differentiate a brand from its competitors and adds 
financial value to the brand (Cornwell, Roy, and Steinard, 2001). However, a company needs to take inventory 
Qf its existing messages to see how new messages and events fit in. For example, given that the Cartoon 
Network sponsors NASCAR racing, what happens when children's characters are associated with potentially 
lethal racing? Does it draw the kids or the parents to NASCAR? Discourage them? Or, should Branson use a 
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promotion wherein he flies a balloon that crashes as a brand builder for Virgin Atlantic Airway? More 
pointedly, the sponsored event needs to reinforce positive messages and address negative ones (Tribble, 2001). 
In reducing risk, a company needs to sponsor events that it can own, manage, and measure. If done properly, 
then these event management opportunities can enhance your brand, involve your customers, and extend your 
marketing reach. (D'Alessandro, 1998) In particular, Pryor (1999) suggests six steps involved in successful 
event management: (1) determine the objective(s) of sponsoring events, e.g., market share, brand presence, or 
firm's image; (2) match each event with customers, vendors, or employees; (3) cross-promote the event; (4) 
make sure the company is included in all event advertising and brochures; (5) track results; and (6) evaluate 
the investment following the event. To specifically reduce risk, Houston (2001) recommends that a company 
plan for the unexpected, review cancellation clauses, review travel risks, consider alternate locations, review 
impact of border controls, and rethink event security. 

2. Do not trust consumers to do the right thing by your company or your products just because you show them a 
good time - If the result o( a sponsorship is only that a company has .given people some fun, then that is a waste 
of money and not good business. In a nationwide survey, seventy-two percent of survey respondents said that 
they were likely to purchase products of a company sponsoring a worthwhile event. That is, it is good business 
to perform a public service or embrace a good cause, e.g., 80% think better of a company that underwrites a 
benefit for children, 63% consider the Olympics to be the most positive sports event with which to associate a 
brand, and approximately 30% think that college football or the Super Bowl would make them think better of a 
company or brand. On the other hand, if you give something to fans that they consider valuable such as free 
samples or discount coupons at the event with no sales pressure, then you can even win their hearts. 
(D'Alessandro, 1998) 

3. Set your objectives upfront and measure results (Thjomoe, Olson, and Bronn, 2002) - Companies often sponsor 
an event because it appeals to the .corporate ego instead of helping the bottom line. Objectives should be based 
on corporate citizenship as well as the match between the community benefits of the sponsorship and the 
company's marketing objectives (Mack, 1999). Know what it takes to declare victory, i.e., return on investment 
must be concrete and measurable. Continuously review the goals and objectives of an event and analyze how 
well they are being met ai:id it they need to be revised (Tribble, 2001). It is a huge risk to do a value-in-kind 
sponsorship wherein you put your products in the spotlight, e.g., IBM's system to deliver instant information at . 
the Atlanta Olympics was untested and failed to work accurately during the Atlanta Games. (D'Alessandro, · 
'1998) Given this embarrassing outcome, how should IBM measure the actual results of the event? A company 
must ask whether or not it is enough to use potential event measurement systems such as universally accepted 
methods of measuring attendance, total number of consumer contacts, and the level of consumer immersion in 
an event (Fitzgerald, 2002). 

4. Beware network TV - Lardinoit and Quester (2001) found that the synergy often assumed between on-site 
sponsorship television broadcast just does not exist. The networks deliver an increasingly less valuable service 
at an increasingly high price, that is, the cost of advertising is up while ratings are down. The networks make it 
prohibitively expensive for a company to protect its investment. While Olympic rings are extremely valuable, 
the clutter alone dilutes the value of your property. During the 1992 Olympic games, Eastman Kodak was an 
official sponsor while Fuji sponsored the U.S. track and field team. Chrysler was the official car sponsor of the 
U.S. Olympic Committee while Subaru sponsored the U.S. ski team and Ford was an official sponsor of the 
CBA broadcast. (Meenaghan, 1996) One way to draw attention or to stand out from all the clutter is to 
celebrate the Olympics rather than sell the company. (D'Alessandro, 1998) Overall, the best way to stand out · 
as a sponsor is to bring something new to the table (Folb, 2000). · 

5. - Showing up is not the same as being there - Corporations pay a small fortune (i.e., $2 million or more a year) to 
dub auditoriums with their names. As noted by D'Alessandro (1998, 30), "You wind up paying something like 
$27 for every sober read." Only 15% of consumers said.that naming a stadium after a business would make 
them more likely to purchase a product from that business. Twice as many people feel actively hostile to a 
company that changes the name of a facility to their own, e.g., Candlestick Park to 3Com Park. (D'Alessandro, 
1998) The real value-added benefit of a stadium sponsorship :r;nay be that it serves as an effective signal of 
managerial confidence in the future of the company (Clark, Cornwell, and Pruitt, 2002). 
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6. Use continuity in your sponsored events - Longer sponsorship relationships lead to stronger perceived effect on 
brand equity (Cornwell, Roy, and Steinard, 2001). As noted by Steve Lundin (Krol, 2003, 20), "For what 
today's business audience needs - which is live bodies in a room, including influencers and message carriers -
you have to have some kind of connection, a lpng connection, not a wham-barn thing." However, watch for 
diminishing returns and get out while you are still making the most of your investment. In building continuity, 
balance sports sponsorships with other kinds of sponsorships such as the arts, culture, and good causes. While 
strategic philanthropy is good, simple charity is even better. One-half of the U.S. population has said that if 
price and quality are the same, then they will switch to a brand associated with a good cause (Management 
Review, 1999). That is, cause marketing can be integrated into a company's overall business strategy as a 
public relations tactic (Jarvis, 2001 ). Choose a cause with a real problem at its roots so that you can stick to it 
over time. Team up· with a charity with a similar national or international presence. A business will be judged 
by the company it keeps, so associate with the impression you really want to give, e.g., does a business want 
association with pro-sports' assorted drug addicts, wife beaters, ear eaters, drunk drivers, tantrum-throwing 
photographer kickers, etc. It is important for sponsors to build a coherent marketing image wherein they 
develop their sponsorship into a distinctive competence and make it a part of the overall marketing and 
communications mix (Amis, Slack, and Berrett, 1999). · 

. 7. Take responsibility for the integrity of your event - Companies may be losing customers due to not tc1.king 
responsibility for the integrity of their events. For example, is it "show-me-the-money" sports or is it about the 
love of the game, adoration of the crowds, and devotion to the team? Professional sport athletes and teams are 
becoming commodities inspiring no loyalty with interchangeable fans from city to city in search of a better deal. 
(D'Alessandro, 1998) One trend is that many companies are emphasizing nonsporting, family events such as 
one-day rentals of museums, zoos, ·and ice rinks (Jarvis, 2001). •·•Audiences welcome sponsorship and are 
grateful for its role in facilitat1ng the staging of arts events. Unlike advertisers whose messages are resented and 
interpreted as self-serving and intrusive, sponsors benefit from using a medium that is perceived as facilitating 
the staging of performances chosen by the audience and, overall, enjoyed for their own worth." (Quester and 
Thompson, 2001, 45) 

8. Use a targeted event rather than a bigger event - Companies are leaning more toward exclusive, private events. 
For example, smaller trade shows are growing in popularity among cost-conscious attendees and exhibitors. 
Given that event marketing spending among exhibitors is down 2.1 % compared to a year earlier, companies will 
need to be more selective in determining which shows to attend. Marketers need to be highly selective and 
measure the ROI of the shows in which they participate. (Krol, 2003) Mega shows are fighting this targeting 
trend with added theme divisions (e.g. , Comdex themes are wireless, digital, Web services, Windows and .Net, 
open source, on-demand computing, and security). Or, consider the Packaging Machinery Manufacturers 
Institute's Pack Expo that provides help with marketing strategy before, during, and after the show. The Pack 
Expo provides a promotional handbook and follow-up training Webinars for exhibitors; free postcards with 
your company's name; tie-ins with show advertising for a consistent look; and free registrations to the 
exhibitors' top prospects. Targeted events demand a greater focus on communication with and responsiveness 
to customers and prospects before, during, and after an event. Measurement and accountability are crucial to 
ongoing success and in determining whether or not a company has met its target markets' needs. Also, event 
sponsorships increasingly are reliable vehicles for reaching minority groups (Ramirez, Kennedy, and Allen, -
1993). Additionally, an event aimed at children should be fun, an extension of the product, trendy, collectible, 
and educational (Guber, 1998). Lisanti (1998) suggests that targeting be focused on life-changing events or 
periods in a person's life, e.g., first job/marriage/child, second families, care givers for others, new self
direction, and retirement. 

9. Create relationships with your customers - The value of ongoing customer reJationship is of paramount 
importance to marketers. For example, while most brands have customers, Harley-Davidson has connected 
faris, i.e., Harley Owners Group (HOG). HOG members receive a customer magazine HOG .News bi-monthly. 
As such, Harley does not take a mass-marketed approach, but rather thrives on integrity and relationship. The 
company also creates motorcycle accessories, HOG and national bike events, hang out places for the riders, 
bike riding experiences, training and brand experience centers called Riders' Edge; and financial and insurance 
products. (Hiscock, 2003) In order to create relationship with grass-roots customers, it is anticipated that 
marketers will be scheduling more events in local shopping malls wherein they appeal to lifestyle interests and 
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choices (Jarvis, 2001). For example, seniors have responded positively to grass-roots programs based on 
relationship, emotional and rational appeals, and sampling (Gottlieb, 1997). 

10. Use experiential marketing to boost the results of your sponsorships and event marketing- In today's 
"experience economy," people relate best to a company, product, or message with which they have had some 
sort of experience. That is, an experience leaves a much more lasting and personal impression on an audience 
than traditional advertising. Accordingly, experiential marketing is a growing trend that combines lifestyle and 
product in a new form of event marketing aimed at owners and prospects. For example, DaimlerChrysler is 
supporting the new 2004 Chrysler and Mercedes-Benz models with experiential marketing, i.e., a gourmet meal, 
a good cigar, high-tech gadgets, and a spin around the track. Test dri_ves are evolving into event-marketing 
tools such as The Art of Driving Tour that hybrids lifestyle-entertaimilent-driving for luxury and high
performance nameplates such as Volvo, Land Rover, and Lexus. In experiential marketiI].g, brands convey a 
lifestyle customers can connect with. _ For example, Land Rover is promoting Range Rover on a tour that 
includes fly-fishing and surf casting instruction. The "Taste ofLe'xus" features jazz bands, clothing displays, 
and cooking demos by celebrity chefs. These tours can cost more than $10 million to stage - $600,000 - $1 
million in each market, not including ad support. (Irwin and Greenberg, 2003) 

11. Create strategic alliances to strengthen your sponsorships and event marketing (Atkinson, 2003)- If the 
strategic alliance is formed properly, then it can create benefits and advantageous economies of scale for each -
organization. That is, being a co-sponsor of an event could reduce a company's risk by taking advantage of the 
sponsor's organizational experience, underwriting the event, and sharing advertising costs (Jacobs, 1994). It is 
important to choose your partners well as strategic alliances may be less predictable and less controllable. · 

12. Give adequate attention to implementation and follow through- The event sponsor needs to be able to integrate 
the event within the context of an overall program of Integrated Marketing Communications (IMC). That is, the 
planned event needs to tie-in with promotional activities such as direct mail, advertising, the Internet, 
newsletters, monthly statements, corporate identity activities, telemarketing, and Web postings. (Tribble, 2001) 
Ideally, the best way to sell an event is by word-of-mouth or "viral marketing" (Martin, 2002). _ Technology can 
be used to link the team and event information together. Secure Internet connections and specialized 
applications can keep the event team allied regarding activities, plans, milestones, responsibilities, and 
contingencies. As appropriate, this information can then be organized into the follow-up report. (Westcott, 

, 2001) . 

SUMMARY 
Sponsorship and event marketing are important components of marketing strategy. "Promotions and events breathe 
life into a brand, making it real to consumers, giving the brand valued credibility and street presence and, most 
importantly, differentiating it from those who use traditional marketing methods" (Barrow, 2000, 22). Sponsored 
events provide many benefits including increased brand awareness, brand equity, corporate image, and goodwill 
among consumers and the community. However, sponsorships and the marketing of events must be done properly 
to be successful in meeting the company's objectives_. The focus of this paper has been to provide tips to improve 
the success of sponsorships and marketing events. After all, sponsored events have big risks and big odds " ... rather 
than creating mere awareness, the (real) promise of sponsorship may lie in the opportunity to capture a consumer's 
'share of heart'." (Madrigal, 2000, 24) 
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IMPROVING THE USE OF COMPARATIVE ADVERTISING 

Kaylene C. Williams 
California S~te University, Stanislaus 

INTRODUCTION 
Comparative advertising can be an effective way for new brands to break into markets and for established or tired 
brands to reposition and regain lost market share. Over one-third of advertising is comparative in nature, while 
approximately one-quarter of advertising directly identifies or names the competitive brand. (Freeman, 1987) 
Given that comparative advertising is so prevalent, the focal point of this paper is how to improve the use of_ 
comparative advertising. The topics in this paper include: definition and use of comparative advertising, why 
advertisers use comparative ads, history and background of compar~~iye ads, how comparative advertising 
functions, and guidelines for the improved u~e of comparative ads. 

DEFINITION AND USE OF COMPARATIVE ADVERTISING 
Comparative advertising identifies the competition for the purpose of claiming superiority or enhancing perceptions 
of the sponsoring and usually lesser-known brand (James and Hensel, 1991). As such, comparative advertising is a 
persuasive advertising strategy meant to communicate verbally and visually the competitive advantage of superior 
brands in the marketplace. Comparative ads also have been termed contrast ads, negative ads, attack ads, or 
knocking copy (Moore, 1999). · 

Comparative advertising can involve the direct or indirect comparison of a sponsored brand in an advertisement or 
commercial. Specifically, a direct comparison advertisement explicitly names the competing brand and compares 
on two or more attributes. An indirect comparison advertisement is comprised of an overall subtler comparison such 
as the "leading brand" or "Brand X" approach that does not name the competing brand. (Barry, 1993) 

Simply discerning whether or not an advertisement conveys a comparative message is insufficient. That is, the level 
of comparative intensity must be considered in the use of comparative ads. The term comparative advertising 
intensity refers to the scaling of comparisons or the degree to which the competitor is identified. Advei-tisement6 
may compare across competing brands wherein broad, general product comparisons are made against members of a 
product class or the vast majority of competitors. These may make comparisons on more than one attribute. Other 
comparative ads use a "leading brand" approach without naming the compared brand, i.e., fictitious brand or famed 
brand "X" of old. Or, comparative· ads may attempt to engender perceived similarity between brands through 
associative rather than differentiative techniques. Varying research results have occurred due simply to which level 
of comparative intensity was used in the study. (Donthu, 1992; James and Hensel, 1991; Lamb, Pride, and Pletcher, 
1978) 

The use of comparative ads or "attack ads" is commonplace in the U.S. For example, comparative ads have been 
used for food storage bags, paper towels, paper plates, disinfectant sprays, batteries, an~cids, soft drinks, burgers, 
detergents, toothpastes, yellow pages, shampoos, drugs, motor oils, pet foods, computers, razor blades, cigarettes, 
and spaghetti sauce, In particular, explicit advertising campaigns have been used for "Subaru against Volvo; 
Toshiba against Compaq; Lufthansa against American, Delta, and,United; Diet Pepsi against Diet Coke; Maxwell 
House against Folgers; Healthy Choice against Stouffers', Weight Watchers', and Lean Cuisine; American Express 
against Visa; and Audi against BMW, Lexus, Mazda, Volvo, Acura, an~ Mercedes!" (Barry, 1993, 20) 

Some specific examples of comparative advertising are listed below: 
· • A Pepsi ad portrayed young people in the distant future finding a relic ( a Coke bottle) so ancient they could 

not identify it. -
• Wendy's, a fast-food restaurant,jibed McDonald's hamburgers by asking, "Where's the beef?" 
• General Mills successfully launched its breakfast cereal "Total" by saying it was the same as Kellogg's com 

flakes but with more vitamins. A later comparison used nu~ber of bowls of cereal a person would need to 
eat to get nutritional equivalency. 

• Beef ads taut that the saturated content of several leaner beef cuts is comparable to chicken breasts, and 
beef exceeds chicken in some vitamins and minerals. 
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■ A television ad for Bristol-Myers' Body on Tap shampoo features model Christina Ferrare saying: "In 
shampoo tests with 900 women like me, Body on Tap got higher ratings than Sassoon." (Morrison, 1989) 

■ Jovan's Second Debut Moisture Retention products claimed to maintain higher levels of moisture in the 
skin than "the leading beauty fluid." (Morrison, 1989) 
Motrin IB pain reliever started with a direct comparative claim that Motrin is "more effective than Extra
Strength Tylenol." This was immediately followed with a noncomparative claim that Motrin offers "long 
lasting pain relief." (Bordwin, 1995) 

■ A small Vermont detergent maker emphasized its "green" environmentally safe products by mentioning 
Procto_r & Gamble's Tide detergent with the message "our 'green' product is as good as the major product, 
costs the same and also is environmentally safe." (Bordwin, 1995) 

As one might suspect, the use of comparative ads has grown rapidly. However, the numbers vary (7-80%) due 
mainly to differences in the definition of a comparative ad, research design, media used, and complete ad/copy only 
ad. In 1964, comparative ads in Advertising Age accounted for about 15% of all the media firm's ads. In 1975, 
Shimp found that 7% of advertising in national print and broadcast media was comparative. Brown and Jackson 
(1997) found that 19% of TV spots on the three major networks were comparative in nature. Most of these ads 
focused on quality attributes of low involvement products. Harman, Razzouk, and Stem (1983) found that 32% of 
the full-page ads in four popular consumer magazines were comparative in nature. This had grown from 9.8% in 
1975. In 1985, Swayne and Stevenson (1987) analyzed full-page ads in 3 magazines and found that 23.8% of ads 
were comparative while 12.4% had been comparative in 1975. In 1990, Pechmann and Stewart found that 80% of 
content analyzed TV commercials contained a direct or indirect comparative claim. 

Across all media, advertisers feel th~t 15 out of every 100 advertisements may involve a comparative format. 
Comparative ads are more likely to be used on consumer goods rather than industrial goods. (Barry, 1993) It also 
should be noted that this percentage varies depending on ad directness, size, color, media, product involvement, and 

· source. However, more recent studies have found that approximately 50% of ads on the three television networks 
· (Levy, 1987) and 50% of magazine ads (Carson and Rice, 1990) were comparative in format. Also, a 1997 study 

found that direct-comparison ads for established products scored higher in consumer tests than ads without any 
comparisons and slightly higher than ads using indirect comparisons. In new-product ads, indirect-comparison ads 
scored best. In the database on which the 1997 study was based, only 12% of the ads had direct comparisons and 
16% used indirect comparisons. (Neff, 1999) It should be noted that comparative ads are less prevalent 
internationally as it may be viewed as culturally inappropriate or even legally prohibited in some countries. 

While the use of comparative ads has been increasing, approximately 62% of consumers believe it is unacceptable 
for brands to criticize each other in their ads while 34% of consumers believe it is acceptable for advertisers to 
criticize each other. More specifically, 70% of women and 54% of men are opposed to ads that criticize while 27% 
of women and 42% of men think it is fine to make criticism in ads. Some 42% of 16-24 year olds think that critical 
ads are acceptable. Some 68% of 35-44 year olds think that critical ads are unacceptable. (Brabbs, 2001) 

WHY DO ADVERTISERS USE COMPARATIVE ADS? 
A fundamental objective of comparative ads is to change consumers' impressions of the advertised brand relative to 
the competitive brand. In do doing, comparative ads have been found to elicit higher levels of message involvement 
and processing activity than noncomparative ads. Also, comparative ads are used to convey information about 
brands to the marketplace, e.g., product position. Muehling, Stoltman, and Grossbart (1990) found that subjects 
processing a comparative ad format paid greater attention to it, recalled more information about it, elaborated on it 
more, and considered it to be more relevant to their needs. However, there are mixed reviews whether or not 
compar':1tive ads reduce perceived differences between a new product and the market leader as well as whether or 
not perceptions of that brand are enhanced (Sciulli and Taiaui, 2001 ). These rilixeq results are most likely due to the 
use of direct versus indirect comparative,ads and the use of comparisons based on the product category versus the 
brand name. , 

In a thorough review of the literature and of surveys of advertising executives, Barry (1993) and Freeman (1987) 
found the following pros and cons for using comparative ads: 
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Pros 
-■ - . Provides m:ore information about brands to the marketplace; i.e., provides consumer education 
• Helps a challenger who may have an unknown position in the marketplace to "grab a niche" close to a well-

known and respected brand 
• Reduces the confusion among audiences about what attributes are important 
• Higher recall scores may (or did) occur through this format 
■ · Forces marketers to improve the quality of their products and is also an effective strategy _to reduce market 

entry barriers 
• Creates-confidence for the challenger 
• Promotes competition and manufacturer opportunity 
• Stimulates comparison shopping 
• Takes advantage of the novelty factor 

· • Aids in product/brand differentiation 
• Is a viable strategy for "unde~dogs" and slow-growth industr1es (Gnepa, 1993) 

Cons 
;--Open media warfare may boomerang and escalate 
• Generates too much information, {e., irrelevant noise· and misinformation to the consumer 
• Brand name confusion on the part of the audience 
• May decrease rather than enhance believability and credibility for the sponsor brand 
• Consumers may view the ad as bad manners 
• May lead to cut-throat competition 
• May misidentify the actual sponsor 
• May decrease advertising cre<;iibility in general 
• Consumer skepticism and anger can be heightened 
• May be viewed as spending money to publicize your competition 

HISTORY AND BACKGROUND OF COMPARATIVE ADVERTISING 
The use of comparative ads may have started as early as 18th century England. One of the first U.S. comparative 
ads dates to the 1930s wherein prospective automobile buyers were encouraged to "Look at all three" major · 
automobiles before making a decision. Prior to the 1970s, comparative ads identified competitive brands as "brand 
X" or the "leading brand." (Barry, 1993) · 

The Federal Trade Commission (FTC) in 1971 began advocating and legitimizing the use of comparative 
advertising in national print and broadcast media (Wilkie and Farris, 1975). The FTC felt that direct comparisons 
would enhance the quality and quantity of information presented in messages for consumers, advertisers, 
competitors, and the advertising industry. In particular, comparative advertising would provide useful price and 
performance information to consumers, would help businesses carve better market positions, would help consumers 
evaluate competitive alternatives, and would be an incentive to producing better products and services. (Marks and 
Soo-Young, 1995) 

In terms of comparative ads for professionals, a series of landmark court rulings in the mid to late 70s permitted 
professional advertising. However, professionals still had negatiy~ attitudes toward the use of comparative 
advertising. By the 1990s, professionals accepted advertising as a normal means of communication. But, the use of 
comparative a~s for professionals is still rare. (Marks and Soo-Young, 1995) 

The American ·Association of Advertising Agencies (AAAA) recognizes that when comparative advertising is used 
, truthfully and fairly, the consumer will be provided with needed and useful information. However, extreme caution 

is needed as comparatiye advertising can distort facts and misrepresent the truth. Therefore, the Board of the 
AAAA has stated certain guidelines for comparative advertising (Belch and Belch, 2001, 732): 

1. "The intent and connotation of the ad should be to inform and never to discredit or unfairly attack 
competitors, competing products, or services. 

2. "When a competitive product is named, it should be one that exists in the marketplace as significant 
competition. 

3. "The competition should be fairly and properly identified but never in a manner or tone of voice that 
degrades the competitive product or service. 
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4. "The advertising should compare related or similar properties or ingredients of the product, dimension, 
feature to feature. · 

5. "The identification should be for honest comparison purposes and not simply to upgrade by association. 
6. "If a competitive test is conducted, it should be done by an objective testing source, preferably an 

independent one, so that there will be no doubt as to the veracity of the test. 
7. "In all cases the test should be supportive of all claims made in the advertising that are based on the test. 
8. "The advertising sho~ld never use partial results or stress insignificant differences to cause the consumer to 

draw an improper conclusion. 
9. "The property being compared should be significant in terms of value or usefulness of the product to the 

consumer. 
10. "Comparatives delivered through the use of testimonials should not imply that the testimonial is more than 

one individual's thought unless that individual represents a sample of the majority viewpoint." 

If there is trouble, a company's commercial general liability policy should cover both legal defense costs and 
verdicts rendered against the company for most tort claims. Coverage can be expanded with add-on endorsements, 
covering "Advertising Injury," e.g., "Injury arising out of an offense committed during the policy period occurring in 
the course of the named insured's advertising activities, if such injury arises out oflibel, slander, defamation, 
violation of right of privacy, piracy, unfair competition or infringement of copyright, title or slogan." (Bordwin, 
1995,-47) 

HOW COMPARATIVE ADVERTISING FUNCTIONS 
In general, research has found that perceived sill)ilarity between the advertised brand and a particular competitor is 
enhanced by comparative advertising. This occurs whether or not the ad emphasizes the brands similarities or 
differences. (Manning, Miniard, and Parone, 2001) 

While the cognitive impac_t of comparative advertisements differs from that ofnoncomparative ads, little progress 
. has been made to empirically understand the mental representations and process engendered .by comparative ads. 

The research has found that comparative ads are more likely to cause mental impressions about the advertised brand 
relative to competitors than are noncomparative ads. These impressions may be associative or disassociative. A 
consistent finding in the literature is that comparative ads, even those emphasizing inter-brand differences, enhance 
the perceived similarity of the advertised and comparison brands. That is, the general effect of comparative 
advertising is associative. (Miniard, Rose, Barone, and Manning, 1993) Also, differentiative comparative ads 
generate disassociative rather than associative mental impressions. Both relative and nonrelative impressions may 
be formed following exposure to comparative ads. Comparative ad intensity strongly affects the prevalence of 
relative and nonrelative impressions residing in memory. When noncomparative information in an ad is replaced 
with comparative information, then the amount of enhanced relative impressions increases while the number of 
nonrelative impressions decreases. (Manning, Miniard, and Barone, 2001) 

GUIDELINES FOR IMPROVING THE USE OF COMPARATIVE ADVERTISING 
Eighty percent of complaints to the National Advertising Division of the Council of Better Business Bureaus now 
come from marketers rather than consumers (Neff, 1999). In order to prevent these complaints and improve the use 
of comparative advertising, marketers should consider the following guidelines: 

1. Compare up - If you are the leader in a field, never start a comparative campaign. If you are not the leader, then 
compare the product with products identical in every way except for the special differential featured in the ad 
(sodium vs. no sodium). It is better if the proof that the products are identical is as strong as possible. The 
different features should be important to the consumer. (Russell and Lane, 1999) Small doses of negative 
comparative ads can be used onlyifthey provide objective information about the competition and acknowledge 
the customer rather than the competition as the focus. Also, it could be benefi6ial for the firm to use image-

. building advertising campaigns after using negative comparative advertising campaigns. Negative advertising 
should only be used if the firm has lesser market share, i.e., consumers love underdogs. (Koprowski, 1995) 

2. Substantiate, verify, and objectify your claims (Deeble, 2001)-The Lanham Act of 1946 can be used to seek 
damages from any person or entity that represents nature, characteristics, qualities, or geographic origin in 
comparative advertising: These ads must be scientifically verifiable. That is, companies must consider the facts 
of research as well as the consumers' impressions and the language of the advertising claims.· Under the 
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. Lanham Act, five elements must be proved to win a false advertising lawsuit containing a comparative claim 
. (Retsky, 1999, 16): 
• "False statements have been made about the advertiser's product or your product. 
• "The ads actually deceived or had the tendency to deceive a substantial segment of the audience. 
• "The deception was 'material' or meaningful. in other words, you need to show that it is likely to influence 

purchasing decisions. 
• . "Falsely advertised goods are sold in interstate commerce. 
• "You have been or likely will be injured as the result of the false statements, either by loss of sales or loss 

of goodwill." · 
The FTC has identified the following factors as dispositive of the propriety of claims made in ads: type of 
product advertised (e·.g., food, drug, or hazardous products require more substantiation), type of claim made_ 
( e.g., safety or medical - more substantiation), benefits of a truthful claim ( e.g., more beneficial - less 
~tibstantiation), ease of developing substantiation for the claim ( e.g.~ e~sier - more substantiation), consequences 
of a false claim ( e.g., mor~ danger - more substantiation), and amount of substantiation that experts in the field 
agree is reasonable. Also, it is not a defense to a comparative advertising lawsuit that the competitor was not 
specifically named. (Brandweek, 1995) In addition, be careful of international rules regarding comparative 
advertising. The rules of countries vary and legal advice should be taken in each country where you advertise. 
(Marketing, 1993) · 

3. Be accurate with your prices, especially when comparing with competitors (Deeble, 2001)- Retail advertisers 
often compare prices, such as a "regular price" indicating a price savings. In general, previous research has . 
found that: 
(1) "Comparative price claims can increase consumers' estimates of a store's regular price on an advertised 

item, thereby increasing the perceived value of the deal. 
(2) "Comparative price claims also can increase estimates of the lowest price in town for an item, thereby 

decreasing perceptions of savings to be gained by additional shopping. 
(3) "The effects of comparative price claims are moderated by a variety of factors, including variables related 

to consumers' price knowledge." (Blair, Harris, and Monroe, 2002) 
While comparative price ~dvertising has risen over the past few years, so have complaints about these types of 
ads. Advertisers using price-led comparative ads may be facing a regulatory crackdown. In fact, the · 
Committee of Advertising Practice has issued guidelines for the retail sector that uses price comparisons in non-

' broadcast. ads. (Bainbridge, 2003) Companies study with magnifying glasses the ads of their competitors and 
fire off complaints to the Advertising Standards Authority (ASA) if they discover the smallest infraction. Most 
complaints are not vexatious or making mischief. Typically, those complained against did not set out to break 
the rules. (Gray, 2003) In general, comparative price advertising is a powerful advertising tool that requires 
careful management and monitoring so that deception does not occur (Compeau and Grewal, 1998). 

4. Include all relevant comparisons so that consumers are not misled - Comparative advertising claims are only 
actionable if consumers are misled, e.g., false on its face or literally false. As a result, much research has 
focused on identifying types of claims that are likely to cause inaccurate product beliefs .. For example, there is 
some evidence that consumers infer the relative price for the omitted or nonfeatured service from the 
comparative information provided, i.e., lowest priced in one service may infer inaccurately lowest priced across 
other services. (Barone and Miniard, 1999) In general, confusion, -disparagement, and misrepresentation are 
used to measure unfair competition (Russell and Lane, 1999). If a computer is more reliable than another 
computer but .also more expensive, then the maker needs to present the first as well as the second point (The 
Economist, 1991 ). A message of "We're good and they're bad" will probably end up in court while a message 
of "We're as .good ·as they are, and we give you an extra benefit" may not even get you sued (Bordwin, 1995). 

, Attacking the product of a competitor is less risky than attacking the company itself (Sorescu and Gelb, 2000). 

5. Build your immunity to comparative ads by defining your brand positively and not in opposition to someone 
else - A market leader would not gain anything from giving its rivals free exposure. Also, brands that knock 
market leaders are tacitly admitting that they are not number one. An extended slugging match can subtract 
value from the whole market. In building immunity, consider .that a company generally cannot feature a rival's 
trademark. The right of a trademark owner to exclude others is a function of trademark infringement, false 
description, false association, false endorsement, and tamishment and dilution (Simensky, Wood, and Stone, 
1995). 
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6. Emphasize issues and content in political comparative advertising - Goodman (1995) suggests "seven 
commandments" for hard hitting campaign ads: 
# 1: "Thou shalt impart important information 
#2: "Thou shalt be accurate 
#3: "Thou shalt be fair 
#4: "Thou shalt be relevant 
#5: "Thou shalt be reverent 
#6: "Thou shalt not bore 
#7: "Thou ~halt choose the best medium 
Political ads can be distinguished in terms of legitimate criticism, presented in a tempered way, and 
mudslinging. Those interested in politics go to the polls regardless of the tone of campaigns. However, those 
with little interest are more likely to vote if useful negative criticism is given. On the other hand, 
unsubstantiated and unjustified attacks make them more likely to stay home in disgust. (The Wilson Quarterly, 
2000) Negative comparative advertising is often seen as an invitation for a quickly turned around counter 
attack that is based on professional research and polling (Doak, 1995). Kamber (1997, 46-7) has summarized 
the political campaign rules this way: "l. Advertise early if you have the money .... 2. Go negative early, often 
through Election Day~ if necessary. 3. Appeal to the heart and the gut, rather than the head. 4. Define your 
opponent to the voters before he or she can defend him/herself or you. 5. If attacked, hit back even harder. 6. 
It's easier to give negative impressions of your opponent than it is to improve their image. The best way to win 
is by bringing the other guy down, not by bringing yourself up." Doak (1995) also states that facts must be 
accurate, the allegations must be a fair representation of the factual occurrences, and the allegations must be 
about the "public" record of the opponent. As a special note, 70% of Americans are not likely to believe 
political advertising in which ca~didates criticize one another. However, only 40% are not likely to believe 
negative advertising criticizing a competitor's product. (Sorescu and Gelb, 2000) 

· 7. Use an appropriate tone in your comparative ads - Most advertisers believe that negative advertising is 
practiced more in politics and that its practice in business may discourage consumers (Jaben, 1992). As noted 
by Neese and Taylor (1994, 67), "automobile makers who 'slam' the competition ... may find the straightforward 
hard-hitting approach to be less productive than a finesse-oriented indirect strategy." On the other hand, since 
most of the information people receive daily is positive, then maybe negative information is more noticeable, 
interesting, salient, ·exciting, involving, or memorable. (Kahn and Kenney, 1999) Sorescu and Gelb (2001) 
found that the most favorably rated message contains negative elements and that negative comparisons are 
perceived differently by various user and nonuser groups. In using this approach, messages need to simply 
denigrate product features of a rival brand and not smear the corporation. This is particularly important given 
that individuals may retain affective impressions or feelings of an object long after they have forgotten the 
specific features on which those impressions were based (Burnstein and Schul, 1983). Because negative 
messages/tone can help in some dimensions and harm in others, comparative ads must be thoroughly and 
specifically tested as well as fine-tuned to be effective. As noted by Sorescu and Gelb (2000, 38), "Nothing in · 
these data should discourage moderate negative advertising ... and nothing in the data should encourage extreme 
negativity." 

8. Administer negative comparative advertising in small, sporadic doses - In 1967, after A vis scored some short
term improvements in market share, it dropped its comparative campaign against Hertz and resumed more 
conventional advertising. AT&T has balanced between comparative ads and product innovation ads. That is, it 
is important to touch all the major bases in advertising - from a brand's reputation to customer service. This 
also means to not bash for the sake of bashing. Anything approximating a bash must have a succinct message 
that.poses your competitive advantages and exposes your competitor's weaknesses. Once negative advertising 
has been used, follow it with an image campaign directed specifically to your gustomer. Consumers do not 
want to be pawns in the fight. They want to know that companies are interested in them and not just the sale. 
That is, negative comparative advertising should be used as a tactic and not an ongoing strategy. (Koprowski, 
1995) . 

SUMMARY 
Comparative advertising draws comparisons between the advertised brand and its competitors either directly or 
indirectly. While the use of comparative advertising is commonplace and increasing in today's marketplace, 
advertisers must use comparative advertising cautiously because it has important advantages and disadvantages. 
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The history and functioning of comparative advertisements was presented as well as guidelines for improving its 
use. Hopefully, these guidelines will help to alleviate the kind of folly presented by Safire (1996, 35): "The makers 
of Advil are now suggesting that Tylenol may ruin your liver. I suspect Tylenol will soon blaze back with a 
campaign to hint that Advil rips out your stomach lining. That will give the boys at Bayer Aspirin the chance to 
repeat both competitors' warnings and to call for unity. against the common enemy, headaches. Thus does 
advertising art follow political life." 
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ABSTRACT 
While consumer-initiated/consumer-sponsored promotional communication existed even in the earliest of markets, 
the advent of mass media - along with the monetary and human capital required for their effective use - had created 
a corporate communicational hegemony within the modem marketplace. The egalitarian nature of the internet has 
created a new and burgeoning market that restores the potential of the consumer voice: a C2C promotional 
presence to augment the traditional B2C and B2B models. This consumer voice is already evident in consumer
maintained websites as well as in enhanced consumer participation in the provision of contents for corporate
maintained websites. This paper provides a preliminary investigation into the content of communications created by 
consumers, particularly the promotional messages that accompany descriptions of product sold on eBay. A sample 
of promotional messages for was accumulated and content-analyzed for traces of market-oriented elements, message 
length and readability, comparisons of products within and across categories, evidence of processual/intentional 
attributions to the item being sold, evidence of contextual attributions being made to the item being sold, mentions 
of external validations of the product, mentions of the product provenance and other markers of authenticity and 
uniqueness, descriptions of product condition, and so forth. These contents were also compared across sellers 
defined by such their level of engagement and success in the eBay market, as well as by product category. The paper 

. provides analysis by content, as w,ell as prescriptions for better message design for consumer participants, better 
facilitation by website hosts, and suggestions for future research. 

INTRODUCTION 
Throughout the history of commerce and commercial communication, the functional expectations of consumers and 
marketing organizations had long been maintained. Marketers, the source of all messages in the classic 
communications models·, controlled content in the channel: their sales forces manipulated personal encounters and 
their advertising dollars fueled the relatively unchecked growth of media. Consumers, on the other hand, were 
relegated a comparatively passive role. As receivers in the classic model, they responded through buying or not 
buying the advertised products or services. Other response mechanisms were also available -- such as calling the 
marketer's 800 helpline, or writing a letter to the editor of whatever inedia vehicle carried the advertisers' messages 
- but were less than satisfactory. Power in the communications channel was, at best, unevenly distributed. 
In the last decade a new medium, the internet - and particularly its graphically-enhanced manifestation the World 
Wide Web (WWW) - has become a formidable communications tool. And marketing organizations have not 
ignored the new medium: businesses from the smallest mom-and-pop store to the largest multinational maintain 
multifunctional web presence, and advertising expenditures on the internet have recently outstripped those for many 
of the more-traditional media, including all outdoor media, national newspapers, national spot radio, and network 
radio (CMR 2002). 

But this medium, unlike the others that preceded it, provides for greater participation and access across parties. No 
longer does the consumer have as limited a voice, as was ably demonstrated early in the WWW's history by 
consumer-sponsored protest websites like Jeremy Dorosin's starbucked.com, which solicits and disseminates 
negative information about Starbuck's Coffee, and which predated Starbuck's own corporate website by almost 
three years (Flinn 1995) .. Given the nascent nature of the internet in 1995, this actioJl may seem trivial in retrospect. 
But Dorosin's website, like any website created by a consumer, upset the "natural" order of the traditional 
communications model. As a medium of democratized access, the World Wide Web allows for contributions of 
equal stature from consumers and marketers alike. The structural and monetary barriers of entry common to 
traditional promotional media are not evident on the web: millions of individuals maintain personal websites 
alongside those of corporations and institutions. The traditional "one-to-many" model had thus been supplanted with 
what has been called the "many-to-many" model (Hoffman and Novak 1997), which recognizes the egalitarian 
nature of participation in the new medium. · 
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This paper reviews the types of consumer participation extant on the World Wide Web, and then outlines a pilot 
study which launches an investigation into the consumer-initiated communication content of one of these types, the 
online auction. 

CONSUMER CONTRIBUTIONS IN WEB MARKETING 
Consumer participation in internet commercial communication can be partitioned into three main categories: 1) 
consumer-maintained sites, which range from personal sites that "market" the individual (a.k.a. "vanity" websites), 
to protest websites that disparage commercial entities, to full-blown marketing sites for novice marketers to promote 
small business, 2) consumer contributions to corporate websites, most of which revolves around consumers' ratings 
and reviews of products on sale through a retail website, and 3) consumer cooperative selling via internet auction 
sites. 

The first category of participation includes .content that roughly emulates that of regular corporate website: a protest 
site and its targets - not to mention novi~e sites vs. professional sites - often share common technical and aesthetic 

· features since website construction expertise is readily available to the public through HTML courses and 
sophisticated and inexpensive editing software. Corporate and consumer.;initiated websites may also use similar 

· techniques to encourage visitors, which inclucle: Banner ads and.tickers are static and dynamic ads (respectively), 
which appear on sponsored-content pages, and which are typically hyperlinked to the advertiser's own marketing · 
website; Interstitials are online ads that pop up on targeted visitor's screen between screen changes; Microsites, 
which are sponsored areas within a sponsored-content website; Viral marketing, which includes any. number of 
marketing actions which are outrageous enough for viewers to want to share with their friends and acquaintances, t 
typically in the form of mass e-mails ("spam"); affiliate programs, which offer incentives to webmasters to provide 
a link from their website to the marketing organization's website; and anonymous posts to bulletin boards and 
discussion groups (see Armstrong .and Kotler 2003 for a broader discussion of online promotion). 

The next two categories of consumer participation are contained within the structure· of a corporate-sponsored 
website. Among the different modes of consumer participation available in the second category, where consumers 
are encouraged to provide evaluative reactions to retailers' products and services, are: Collaborative filtration, 
wherein the customer provid~s simple ·ratings for itenis or even trace browsing patterns which are recorded and 
combined with the ratings and browsing patterns of others to create affinity or "taste" clusters; Customer reviews, . 
which are short critical essays about available product; and Customer lists, which are short "best of' lists that report 
a consumer's philosophy or suggest possibilities for cumulative consumption. 

The final category is the online auction, where novice sellers are invited to hawk their wares, whether it's a sweater 
that no longer fits, a collectible treasure, or an item of their own manufacture. The online auction is much like an 
online swap meet, where a diversity of supply meets a diversity of demand in a virtual world. The most successful of 
these online auctions is eBay, where by their own pronouncement "the eBay community includes tens of millions of 
registered members from around the world ... People spend more time on eBay than any other online site, making it 
the most popular shopping destination on the Internet (from 'Company Overview' at ebay.com)." Online auctions 
are similar to the first category in that novice sellers are creating a virtual C2C market, but also similar to the second 
category in that these sellers are "contained" within the environment created by eBay, subject to their governance 
and constrained by their elected structure. 

EBay has. been the chosen venue of much study, given the wealth of publicly available material for social scientists 
to use as trace evidence of a number of types of commercial and consumer behavior. Researchers have used the 
abundance of cues provided by the eBay interface to study the role of reputation measures in the reduction of 
il}foqnation asymmetries (McDonald and Slawson 2002), the persistence of unethical behaviors in anonymous 
auction environments (Marcoux 2003 ), internet pricing strategies (Kung et al. 2002), as well as to propose further 
research into auction theory, particularly issues such as auction sociology, risk preferences, symmetry of 
information, auction mechanisms, signaling, bidding strategies, and comparative research across internet and non
internet auction formats (Chakravarti, et al. 2002) 

Our interest is in the content of the communication provided by the individual sellers who participate in the auctions 
on eBay. The nature of the internet, with its varying degrees of anonymity of participants and passivity of 
participation, it's constant presence and ability to cross demographic and geographic boundaries, has long intrigued 
researchers of communication. Since the beginning, researchers have looked at the style of communication online as 
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a consequence of the peculiarities of virtual community (Erickson 1996), and their interest continues today with the 
study of the increasing popularity of web logs (or "biogs" - see Whelan 2003), a popularity which should experience 
continued icreases with the availability ofnew facilitating technologies (Gallagher 2004). If interpersonal non
commercial communication is impacted by the virtual environment, we are intrigued by the potential of its impact 
on commercial speech. Communication content of corporate websites has been addressed by researchers ( e.g. 
Breitenbach and Van Doren 1998) The communication of consumers in commercial internet venues, albeit in the 
realm of contained agency (the second category of the above argument- see Petrosky and Hernandez 2002, 2003), 
has also been the focus of prior research. This is the first such study of internet auction communication contents. 

METHOD 
Websites like the aforementioned eBay, with dense layers ofreadily-accessible consumer-created content (both that 
which is created by the novice seller and the responses and evaluations by the buyers nad prospective buyers), 
provide ample opportunity for investigating the type of communication styles used and roles utilized by novice 
sellers, customers selling to other customers. This pilot study measures surface-level communications contents in the 
product descriptions provided by these novice sellers. 

Undergraduate market research students were p-ained in content-analytic techniques. For the following study, they 
were assigned to collect product descriptions for certain categories of products and measure each of the descriptions 
for specific contents. A sample of each of the resultant data sets were validated by the authors. 

Product categories. We chose to f<?cus on the broad category designated as "collectibles" for several reasons: 

• High variety of product categories. There were forty subcategories of collectibles as listed by eBay, 
ranging from furniture and lamps to pez dispensers and keychains, with additional levels of variety within 
each. This variety lends some degree of generalizability to this _investigation. 

• High involvement products. Many of the sellers of collectibles are collectors themselves, and they 
potentially bring good communications skills to the mixture, since they are targeting people like 
themselves. 

• High likelihood of combination of utilitarian and aesthetic traits, high potential for descriptive density. 
Since those selling collectible lamps likely view their product for more than just its illuminative function, 
they would likely provide a description which stresses both functional and aesthetic qualities of the 
products. By selecting collectibles, then, we are giving the study its best chance of succeeding, its best 
chance at obtaining thick, detailed description. 

Codes. The following items were coded from the descriptions of the products as provided by their sellers: 

► CAT: A code given the particular item, corresponding to its category of collectible good. Ebay lists forty 
such collectible categories. 

► WORD: The word count of the product description for the item. This provides a measure of the detail of 
the description, and is additionally likely to be an indication of the communication skill, category 
knowledge, and degree of involvement of the seller with the product or product category. 

► FK: Represents the Flesch-Kincaid score for the description of the item. J'he Flesch-Kincaid is a 
. readability index that represents the lexical complexity of a passage by approxi~ating its grade-appropriate 

reader (e.g. a score of 12 meaning the appropriate reader has the reading comprehension·capacity of a 
twelfth-grader).through a combination of average word-length and sentence-length within that passage. The 
Flesch-Kincaid is a standard readability index, the computation of which is outlined and provided in 
Microsoft Word™. · 

► MAKE: A record ~fthe number of times the seller refers to the maker or manufacturer of the item. The 
evocation of the maker's name and/or manufacturer is expected to be an expression of brand equity for the 
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mass-produced items in the data set, as ~ell as a simple marker of authenticity for the more-customized 
products. May include historical reference to the company's history as an indicator of value. Examples of 
this code found in the data set are: 

Here is a RARE opportunity to acquire a T.H. Foley SILVER Lifesaving Medal. To be awarded 
this medal a Scout had to save the life of another person AT CONSIDERABLE RISK TO YOUR 
WN LIFE. T.H. Foley only made these medals until approx 1916. (from Historical product 
category) · 

The company began as the J.J. Duck Company in 1908 and William, (John's brother) joined the 
business in 1912 and took over in 1913 and renamed the new entity The William B. Duck 
Company. The company went out of business in 19 32. Green Silk covered Wire is found ,o.n both 
the primary and secondary co_ils (from the Radio/TV category) · 

► COMP. A record of the number oftimes-t~e seller refers to products created or produced by a different 
maker or manufacturer. Examples of this code found in the data set are: 

Your friends could never come close to the bragging rights you'll have. Statistically speaking, 
more people have Renoirs and Van Gogh's than Mills DUPLEX'S. (from Banks category) 

The stock removal method results in two distinct advantages--the strength/weight ratio is 
exceptional and there is no handle/blade join. This means that there is no area where the blade 
and handle could come apart--a weakness in the design of other hollow handle knives .. . (from 
Knives category) 

► PROC: A record of the number of times the seller mentions the process used by the maker to create the 
product. Some facilitators of aesthetic and/or hedonic products have been recognized utilizing a processual 
definition of innovativeness, such that the process used is the focus of their evaluation rather than the end 
product itself. A focus on process thus may be a marker of a more evangelical relationship wi~h the product 
rather than a strictly commercial interest. Among antiques, this may also refer to restoration process 
Examples of this code· found in the data set are: 

It has been created by skilled Tibetan craftsmen in authentic traditional style! (from Religious category) 

This much sought-after Western Electric/BELL SYSTEM Vintage 3-Slot Coin Telephone has 
been has been carefully disassembled & meticulously restored and equipped for use on today's 
phone lines ... (RadioITV category) 

► SELF: A record of the number of times the seller mentions him- or herself. This is expected to be an 
evocation of the authenticity of the seller, or an attempt of transference of the qualities of the seller to the 
item being sold, or an attempt to make a case for coincident value through ownership. An example of this 
code found in the data set is: 

This is my personal collection I have had since the early 19.70's. I bought every one of them new 
as a child. They have been kept in a box since they were originally purchased by me (from Trading 
~ards category) 

► . EXVAL: ·A record of the number of times the seller mentions an external validation of the product, such 
as an award product or its maker has won, that the item has been authenticated or graded by an expert, or a 
mention of someone having said something good about the product. This is a marker of extrinsic value. An 
example of this code found in the data set is: 

THE WINNER RECEIVES the following issue: "Detective Comics #40" is in Apparent VF
shape. It earned a CGC grading of7.5 Exclusive (P) .(from the Comics category) 

► POS: A record of the number of times the seller mentions something POSITIVE about the.condition of the 
item. Examples of this code are found throughout the data set. 
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► NEG: A record of the number of times the seller mentions something NEGATIVE about the condition of 
the item. A seller who is willing to say something negative of the product he/she is selling may be trying to 
establish some degree of trustworthiness with the viewer of the item description. Examples of this code 
found in the data set are: • 

made in RUSS/A-POLAND about 120 years ago by hand. They are in nice condition, but have 
had several repairs to the filigree. (from the Religious category) 

Please understand that this is an antique and has some minor imperfections on it as you can see 
in the pies below and the back of the unit needs to be re paneled and I do have most of the 
pieces .. . (from the Radio/TV category) 

► AUTH: A record of the number of times the seller mentions something directly in regards to the 
authenticity of the item, such as "authentic," "original," or something along those lines. An example of this 
code found in the data set is: 

Don't miss out on this wonderful piece of our American Heritage; Original clocks like this are 
getting very hard to find. (from Clocks category) 

► PROV: A record of the number of times the seller mentions something specifically in regards to the 
provenance of the item, such as somebody who has owned it before, or that somebody has owned or 
currently owns a similar item. An example of this code found in the data set is: 

The back of this particular theca seems to be sealed. However, I am sure all seals and threads are intact, 
. proper and correct ... Given the abuses that occurred with relics during the Middle Ages, the Council of 

Trent (in the 150ps) decreed that all relics must be accompanied by a document. Only with the document can 
a relic be used for public veneration. (from Religious category) 

► UNIQ. A record of the number of times the seller mentions something regarding the uniqueness of the 
item, such as "rare," "one-of-a-kind," "difficult-to-find," "only 12 in existence" or something similar. 
Examples of this code found in the data set are: 

Bright yellow, CLASSIC COVER. BLUE LABEL. No date stamps, no writing etc. This is the ONLY copy in 
grade and is the BEST-graded copy of this book in existence. (from the Comics category) 

This is a very RARE and IMPORTANT reliquary and sold as is, there are many pictures also so 
please look carefully so that you will be 100 percent satisfied with this wonderful piece. (from 
Religious category) 

THERE JS ONLY ONE RARE IN THIS BID and that's the POT OF GREED - EVERYTHING 
ELSE JS A SUPER RARE OR HIGHER! (from Trading Card category) 

► DESC: A record of the number of descriptors used to convey the product: size, features, attributes, color, 
etc. Along with word count and Flesch-Kincaid score, this is considered a measure of description density, 
and therefore another indicator of seller communicative skill and product category involvement. Examples 
of this code found in the data set are: 

This piece sits on 4 curved Queen Anne style legs and it has double doors at the top and bottom of 
the piece and comes in its original mahogany cabinet. The top doors are the speaker box and the 
bottom doors are io hold the records ... (from the Radio/TV category) 

J 

The female figure feels lilce a bakelite or thick lucite type of material. She is laying on a pillow, which is 
attached to the back of her head. Her arms are jointed and can moved away from the internal cavity. (from 
the Medical category) 
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Another five codes were collected directly from information about the individual sellers as provided by eBay. 

► START: The starting bid price. A measure of the seller's valuation of (and/or estimation of the potential 

interest in the item. 

► NoBIDS: The number ~fbids placed on the item in question. This is a measure of buyers' interest in the 
· product. 

► ITEMS. The number of items currently being sold by the same seller. This is a measure of the seller 's 
current activity, experience in the eBay environment, and therefore also a proxy for trustworthiness. 

► REV. From the "Seller's information" section, the number ofreviews the seller has. Another measure of 
· the buyer's interest (those who have great enough of an interest 4}. t};le seller to ave taken the time to 
comment on him/her) in the products in specific and the buyer's products in particular. 

► POSREV. From the "Seller's information" section, the percentage of positive feedback. An evaluation of 
the seller, from the quality of the products to the quality of the experience as a customer. 

RESULTS 
Student reviewers returned a total usable coded sample n = 546. An overview of descriptive statistics for the entire 
data set is provided as Table One. 

Perhaps the most striking result is one that is obvious to even the most cursory inspection: the low incidence of 
language conforming to the codes. Seven of the description codes have a mean of less than one instance per 
description. Of the 546 descriptions in the sample, 229 were coded "zero" for MAKE (41.9%), 485 for COMP 
(88.8%), 388 for PROC (71.1%}, 226 for SELF (41.4%), 433 for EXV AL (79.3%), 342 for NEG (62.6%), 284 for 
AUTH (52.0%), 437 for PROV (80.0%), and 338 for UNIQ (61.9%). Some of the description items in.the sample 
registered no positive condition references (POS is zero for 82 items, or 15%) or, surprisingly, even no product 
attribute descriptors (DESC is zero for 29 items, or 5.3%). Surely such little detail is not a healthy outcome,' 
particularly given that the auction exists in a virtual world that provides the potential buyer little experiential cues to 
base clecisions upon. 

· Some categories fared consistently better than others. Historical items, religious items and pens all ranked 
consistently near the top in terms of code-rele·vant detail. Historical and religious items may require richer 
description than more mundane items such as key chains or lunchboxes to convey their deeper, contextually-bound 
meaning and value. No interpretation is apparent for why pens, utilitarian items especially when compared with 
reliquaries or ancient uniforms, would rank high alongside them. The commodity nature of some of the items, such 
as that of rocks and minerals, explains their relative lack of descriptive detail. 

Given this overall deficiency in detail, further analysis is tentative. An attempt to tease out some connection between 
the descriptive codes and some measure of success was attempted with modest results. Three of the labels given 
sellers by ebay and their bidders were used as proxies for a dependent variable of "success": 1) the number of 

· reviews each seller had been given (REV), which indicates bidder involvement with that seller, 2) percent of 
positive reviews, which indicates a high level of success in richer terms than mere sales, but like the first is a global · 
measure of that seller across the items he/she sells, and 3) the number of bids received for the item, which is a less
glo]:>al,. more item specific measure of interest. Each of these were examined against dummy versions of the content 
descriptor codes ("O" for no such description present, "1" for descriptor code - no matter the number - present) as 
independent variables in a stepwise regression. The results of these computations are given as Table Two. 
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TABLE ONE. Content Codes Descriptive Statistics (N=546)* 

WORD 169.3 169.4 1655 5 Historical Tobacciana 
Reli ious Metalware 

FK 2.51 2.51 12 5 Historical Textiles 
Reli ious Kitchenware 

MAKE 1.11 1.56 15 0 Pens Photos 
RadiorfV Rocks/Minerals 

COMP 0.24 1.22 20 0 Comics Animation 
Pens Clocks 

PROC 0.59 1.19 8 0 Animals Pez/Keychains 
Clocks Militaria 

SELF 1.49 1.89 11 0 Kitchenware Furniture 
Disne ana Militaria 

EXVAL 0.36 0.93 8 0 
Banks Religious 

Decorative Science/Medical 

POS 2.86 3.15 39 0 Clocks Lunchboxes 
Kitchenware Auto ra hs 

NEG 0.75 1.40 . 13 0 Photos Autographs 
Furniture Tobacciana 

AUTH 0.83 1.29 16 0 
Pens Rocks/Minerals 

Knives Breweriana 

PROV 0.30 0.79 8 0 
Furniture Fantasy 

Photos Tradin Cards 

UNIQ 0.70 1.19 9 0 
· Advertising Cultures/Ethnicities 

Disne ana Metalware 

DESC 5.75 5.33 48 0 
Sewing Autographs 
Holida Pez/Ke chains 

START 347.3 2352 43,888 0 
Rocks/Minerals Tobacciana 

Pens Photos 

NoBIDS 5.5 7.52 50 0 
Comics Metalware 
Lams Animals 

ITEMS 98.6 367.4 4792 0 
Transportation Clocks 

Animation Photos 

REV 1128 3328 49,830 0 
Animation Sci-fl 
Breweriana Metalware 

POSREV% 98.9 7.47 100 0 
Tools Photos 

Animals Cultures/Ethnicities 
*subsample size for each product category nsub=l3, except for photos, pens, and historical nsub=26 

Neither the number of reviews nor the percentage of positive reviews find credible predictors in the set of descriptor 
codes: model one with dependent "percentage of positive reviews" [expressed as exp(l-%) because of the high 
overall average percentage of positive reviews given sellers on eBay] finds no reliable predictors, while model two 
with dependent "number of reviews" has only starting bid price (interpreted as 'sellers of cheaper products attract 
more interest and more reviews') as a significant predictor. ''Number of Bids," however, does return a third model 
with four descriptor codes as stable and significant predictors (along with starting 15id price), with an overall model 
R2 of 0.07. This may seem trivial, but the r~ader should remember that this result is independent of the product 
itself, it's actual quality, demand for the product and product category, etc. That these codes alone predict 7% of one 
measure of success indicates some promise for the study of communication content as influential in online auctions. 
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· Standardized Beta p 

Positive condition reference 0.052 0.24 
(percent positive reviews) (dummy) 

expressed as exp(l-%) Negative condition reference -0.064 0.15 
(dummy) 

Sign = negative is good 
Authenticity reference No significant predictors -0.046 t I 0.35 

· Model R2 <0.02 ·(dummy) 

REV 
(number of reviews) 

expressed as LoglO(#reviews) Starting bid price -0.09 0.04 

Model R2=0.0l, F=4.12, p<.05 

Uniqueness claims (dummy) 0.13 0.003 
NoBIDS 

(number of bids) Starting bid price -0.11 0.009 

expressed as raw # of bids Positive condition ( dummy) 0.10 0.021 

Model R2=0.07, F=6.8, p<.01 
Negative condition (dummy) 0.10 0.028 

External Reference ( dummy) 0.10 0.028 

DIRECTIONS 
There are two conspicuous directions obviated by the outcomes of this study, one a prescription for online auctions 
like eBay, the other an extension for this line of inquiry: 

1) EBay and other auctions must give their novice sellers better training in terms of communicating with their 
potential buyers. EBay does offer primers on the more technical aspects of selling within the pages of their 
main site , but it is clear from review of the contents of their descriptions that seller are not offering the 
public as rich and varied as possible. Surely the ·codes we created are more relevant to collectible items than 
to the greater constellation of products, but teGluuques and exemplars could be -developed across categories 
and provided for the enrichment of eBay participants - sellers and buyers alike. 

2) For those of us interested in fully understanding the potential promotional impact of product descriptions, 
the current state of affairs is not promising. Description scarcity in the real world suggests that an · 

_ experimental approach may be more fruitful. Instead of trying to utilize trace behavior, researchers should 
. themselves participate in the auction environment, offering similar items with differing descriptive 

complexity and measuring their differential success in the actual marketplace. 
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PRODUCT LINE AND ORDERING QUANTITY OPTIMIZATION 
THROUGH GENETIC ALGORITHMS 

Daniel J. Fonseca and .Sidhartha Shishoo 
The University of Alabama 

ABSTRACT 
There is a growing consensus among product managers that determining the optimal length of product line is a 
crucial decision that affects the overall strategy and finance of a company. Product line composition has clear 
financial implications that can hamper the profitability of an organization. Equally important is the ordering strategy . 
that would. determine the quantity of each product type and the timing of each order for replenishing 1h~ stocks of 
items in the product line. This paper describes a genetic algorithm model tl!c!t &imultaneously optimizes the product 
line composition and the ordering quantity so-to maximize total profits. 

INTRODUCTION 
Of the various ways in which a company can vary its marketing strategies to meet the ever changing demands of its 
target markets, product and service mix followed by price affordability are reported to be the most critical ones. The 
concept of product line is closely associated with product mix, which also involves price management, 
communication or promotion, and distribution. 

Product line involves products that are similar in nature and design, but different in some key attributes ( e.g., cost, 
quality). For instance, a shampoo line may consist of products of different composition, applications, and costs. For 
a retailer, this implies decisions on a particular product category arrangement, and the specific characteristics to be 
offered. 

It has been recognized that the product variety or product line decision is one of critical importance to marketing and 
product managers. It involves determining the variety of brands to be stocked as well as their stocking allocations 
within available display areas so as to maximize the store's overall profits. This is of extreme relevancy since there 
is some degree of substitutability between the products that comprise the product line, and their individual salability. 
Introducing new products at the expense of the sales of other products may be detrimental to the firm. Thus, product 
line decisions need to include analysis of product additions as well as deletions, and the degree of complementarily 
and substitutability among the different items in the line. 

An unlimited product variety is clearly not the way to be successful. There needs to be an optimum product range, 
which would depend on the firm's competitive priorities. Clearly, product variety affects costs, and as the number 
of items that comprise the line becomes larger, the variety related costs will also dramatically increase (Mather, 
1992). . 

Equally important are ordering decisions, which detennine the order size and timing of the repl~nishing of the items 
that constitute a given product line. Ordering line decisions· deal with classical inventory system issues, i.e. how 
much to order of a given product, and when to place such an order. These are relevant issues since they affect the 
inventory carrying costs,·ordering costs, as well as the customer service levels. 

Products can also be added and deleted from the product line according to their profitability. Under the present 
global competitiveness, companies are forced to keep focus on customer needs through a clear understanding of 
their preferences. Market surveys are continuously employed to keep track of customer likes and dislikes in order to 
assess product line effectiveness in coping with product diversification. 

Customers have greater choices in product variety than ever before. The decision of whether or not to stock a 
particular item is therefore critical. Retailers have to be aware of the costs involved in the stocking of their products. 
The expected profits should clearly outweigh stocking or holding costs as well as service and maintenance costs. 
Furthermore, proper floor space usage is another binding element that should affect retailers' decisions on inventory 
sizes and product line diversity. 
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In this pa~er, th~ p~oblem ~f jointly detern_iini?g pro~uct variety and order quantities for different types or brands of 
a certam item w1thm a particular product lme 1s considered. A floating-point genetic algorithm model was 
developed_to a~dress such a pr~b~em. The GA model considers relevant product ordering and stocking 
considerat_1ons_ m order to m~ximize the overall profitability of retailers. This incorporates various limiting factors 
or constr~~ts mto the analysis such as floor space utilization, economic order quantity, and product substitutability 
and salab1hty. · 

LITERATURE BACKGROUND 
A considerable amount of articles can be found in the literature on how to solve the optimal product line selection 
program through measurements that reflect individual consumer values and preferences. There is also a large 
number of publications entirely devoted to the classical economic order quantity of when to order and how much to 
order. However, the problem addressed in this paper,joint optimization of product line and ordering quantity using 
evolutionary computing techniques has not yet been addressed. 

Product line decisions are difficult because the products in the line are not usually independent. Products cannot be 
optimized individually and then be added to the line to search for optimum product line decisions; thus, 
interdependency is the key consideration in product line decision making. 

Scholars have proposed preference-based procedures for solving product design problems. Two different approaches 
can be followed to tackle the problem. The first approach takes into consideration a finite set of candidate items 
from which a product line can be selected. Preference evaluations for each item are used to select a product line that 
maximizes a buyer's welfare function or a seller's.return criterion (Alexounda, et. al. 2001). In the second approach, 
product lines are created directly froqi part value data. However, if the number of attribute value levels is large, and 
all attribute level combinations define feasible products, it may be computationally infeasible to enumerate all 
possible utilities associated to the ~andidate items. 

·Despite the considerable importance of product line decisions, relatively few published papers have dealt with 
product line optimization. McBride and Zulfyden (l 98~) developed an optimal integer programming approach to 
solve the product line selection problem. This approach yields a product line with the greatest value to the seller. 
Borin et. al. (1994) provided an approach to solve the product line problem while deciding on the shelf space· 
allocation of the products comprising it. This constrained optimization problem was formulated using two decision 
variables: assortment and allocation of space of the items in the assortment. Green and Krieger (1985) developed a 
model for determining product line composition. They approached the problem from both the buyer's and seller's 
perspectives, and suggested methods for finding "optimal" product lines. Moreover, Kohli and Sukumar(l990) and 
Nair et. al. (1995) also developed non-exact techniques to find optimal product lines using maximization of the 
worth of the items in the line as the main designing criterion. There is only one reported research effort that has 
examined the problem of product line selection with the simultaneous objective of increased profitability with 
minimum inventory costs. Vaidynanathan et.al. (1998) developed a non-linear optimization model that, in essence, 
maximizes the profits for the store and jointly optimizes on the product line and ordering strategies. 

After.examining the reported research efforts in the field, the next logical step would be to investigate whether an 
evolutionary computing technique, such as genetic algorithms, can be applied to successfully generate optimal 
solutions for this sort of joint optimization problems with a larger set of constraints and variables. 

MATHEMATICAL FORMULATION OF THE PROBLEM AT HAND 
To tackle the joint optimization problem for product line, the total profits for the store have to be maximized through 
an optimum selection of items. There are some specific constraints within which this has to be performed. Hence, 
the obiective function to be maxi~ized is that of the total profits (SP-CP) on account of annual sales (ASj). The 

J • J 
mathematical formulation for of such a problem 1s presented below: 
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subject to: 

where: 

J . 

Max z = I (~Pj - CPi) x ASj 
j=l 

Rj = (Fj + Lwij (I-Ki)* sij )*Kij J j 
i=l 

ASj = Rj * Max ) j 

EO~ = (2*~* ASj)112! hj ) j 

L EO~[-FS 
J 

·LccPj* ASj+I/Kj+(h/E0~)/2+(0/ ASj)/EO~) [ B 
J 

J denotes the difference types of product brands, 
SPj is the selling price per unit of brand j, 
CPj is the cost price per unit ofbrandj, 
ASj is the annual sales in units ofbrandj, 
Fj is the fraction of brand j sales as first choice among customers, 
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(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

Sij is the fraction of sales for brand i as the first choice and brand j as the second choice among customers, 
Max js the total · sales in units if all brands are stocked, 
~ is the fraction of Max accounted for by brand j, 
Oj is the ordering cost per order for brand j, and 
hj is the holding cost per year for brand j. 

Constraints (2) and (3) represent the substitutability of product brandj. Constraint (2) is non-linear in nature. The 
second part of the constraint introduces the non-linearity into the systems of equations. Constraint (3) accounts for 
the annual sales in units for brandj. Constraint (4) is the standard economic order quantity constraint. Constraint (5) 
is a binding constraint on the floor space available to store all the ordered quantities of all brands. Constraint (6) 
limits the expenses on maintenance, carrying, and ordering costs so that they do not exceed the corresponding 
allocated budgets. Constraint (7) is a binary representation of a decision variable. 

As previously noted, this particular problem, being non-linear in nature, bas been already addressed by 
Vaidyanathari, et. al. (1998) using GAMS (Generalized Algebraic Modeling System). It would of interest to apply 
genetic algorithms to· solve this particular problem, and then compare the GA results against those reported by 
Vaidyanathan, et. al. · · 

THE GENETIC ALGORITHM PROCEDURE 
Genetic algorithms (GA) are search algorithms based on the mechanics of natural genetics. They are different from 
more conventional optimization and search procedures in various ways. GA's work with the coding of the 
problem's variables or parameters, not the parameters themselves. Second, they search from a population of points, 
not a single data value. GA's employ payoff (objective function) information, not derivatives or other auxiliary 
knowledge. Finally, GA's use probabilistic transition rules and not deterministic ones as it is the case of 
enumerative and derivative based methods. 
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A ge~etic algorithm is initi~ted with a set of solutions (represented by chromosomes) called the population. 
Solutions fr~m on~ population are taken an~ used to form a new population. This is motivated by a hope that the 
new population w~ll be bett~r than the prev10us one. Solutions that are selected to form new solutions ( offspring) 
are chosen accordmg to therr fitness -the more suitable they are, the more chances they have to reproduce. This is 
repeated until some evaluation condition is satisfied. 

In the GA model developed to solve the product line problem, it was assumed 5 different brands of a same item to 
be included in the final product selection. Each input variable was thus coded into a floating-point gene of 
chromosome length of 35. The population size was taken as 50. The initial population was then randomly generated. 

In order to account for the problem constraints, the fitness function was specially coded to accommodate for the 
limiting circumstances. Constraint (5), which is the control on the number of items to be held in inventory, suggests 
that there would be a loss of revenue if excess inventory is held. Therefore, in the fitness function, a penalty of 
maximum cost price ($350) was charged for every item stored beyond the nominal floor space (FS) area. Constraint 
( 6), if violated, was penalized with 50 times the cost difference incurred due to maintenance, carrying, and ordering 
costs. Constraint (2) and (3) were also introduced to limit the total number of units that can be sold for a particular 
brand. 

For this particular problem, the GA switch function constant was determined to be 0.25. The floor space and 
potential total sales were defmed annually. The selling prices for all product brands were obtained from a uniform 
distribution between $350 and $450 while their cost prices from a uniform distribution between $250 and $350. The 
ordering cost, annual maintenance cost, and carrying costs are also drawn from a uniform distribution. Maximum 
units that can be sold if all brands are_ stocked were fixed at 4000 units. The floor space was limited to 4000 units. 
The probability of crossover was set to 0.85, and the probability of mutation to 0.05. These values were finalized 
after a series of trial runs of the algorithm, and after monitoring the behavior of the fitness function over 1000 
generations. 

Figure 1 shows the convergence of the developed algorithm towards an optimal solution for the previously discussed 
problem. As it can be seen from the figure, there is a rapid convergence due to the tight penalties on the constraint 
violation. Also, the overall population starts to converge towards a single individual point as it moves towards the 
1000th generation. The average fitness grows very slowly since the constraints' violation causes the fitness to 
fluctuate with a high variance. 

In order to verify that the genetic algorithm model was capable of yielding sound solutions to the product line 
problem, the algorithm was tested on a simpler problem involving 5 brands with equal probabilities of customer 
selection. It was thus assumed that Fj was 0.20 for each one of the brands. The model was expected to suggest equal 
sales amounts for each brand since potential customers equally desire each of them. The algorithm was then run on 
this set of inputs, selecting three final brands with equal net sales. Since there were no cost differentiation between 
brands, any three brands out of five gave maximum profits. 

Once verified the performance of the genetic algorithm, the problem at hand was solved using the developed model. 
According to the problem, 20% of the potential customers identify brand A as their first choice, while 11 % identify 
brand B, 27% identify brand C, 10% brand D and 32% identify brand E. A switch function constant of 0.25 was 
assumed. It took fifty seconds for the GA model to converge to an optimal solution, which proved to be more 
logical and justifiable than that reported by Vaidyanathan, et. al. (1998). 

Table 1 ·shows the best solution obtained by the genetic algorithms. The available budget was limited to $1,000,000 
for this scenario. In this solution, the optimal set included brands A, B, C and E from the potential set of five brands 
(A, B, C, D, E). The GA model recommended selling 825 units ofbrand A, 465 of brand B, 1105 of brand C, and 
1305 units of brand E. In additions, the constraints on ordering quantity (EOQ <Floor Space), and on budget 
allocated were satisfactorily met by this solution. 
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Fig. 1. GA Convergence Behavior 

Table 1. GA Suggested Product Line 

Variables A B C E 
Annual Sales(no.) 825 465 1105 1305 
Selling price per item($) 449.95 449.97 449.93 449.25 
Cost price per item($) 250.24 250.02 i50.0l 250.78 
Total profit($) 164760.75 92976.75 220911.6 259003.4 
EOQ (no.) 36.14 28.81 · 42.51 52.5 
Carrying Cost/year ($) 56.7 56.7 • 56.7 56.7 
Ordering Cost/order ($) 44.94 50.62 46.37 72 

Maintenance Cost ($) 17702.67 17857.56 11761.96 14411.86 

.- Max Fitness · 

-Average Fitness 

Total 
3700 

737652.5 

The solution provided by_the genetic algorithm seems to be better than that given by Vaidyanathan, et. al. (1998) 
The solution suggests stocking A, B, C and E brands in order to maximize on the store's profits, while 
Vaidyanathan, et. al. ( 1998) recommends that brands B, D, and E are to be stocked instead. Looking at the customer 
preferences for the various brands, it clear that the recommendation provided by the genetic algorithm is more 
consistent with the customers' liking. By stocking A, B, C, and E, 90% of all customers' first choices are met, while 
by stocking B, D, and E, only 43% of the potential customers' first choices are satisfied. 

The total number of units to be stocked is then 3,700, almost 550 units more than suggested by Vaidyanathan, et. al. 
(1998). Accordingly, the expected profits are significantly higher than what the previous research had suggested. 
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CONCLUSION 
From this study, it can be concluded that the developed genetic algorithm is capable of yielding sound solutions to 
the product line joint optimization problem. It was demonstrated that genetic algorithm can be successfully applied 
to handle the complexity involved in constrained problems such as the joint optimization of product selection and 
ordering quantity. Due to their robustness and efficiency in reaching a final solution, genetic algorithms seem to be 
more proficient than conventional optimization and search procedures when applied to partially non-linear solution 
spaces. 
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ON ADJACENT JOB PRECEDENCE 

Xiaoming Li, Tennessee State University 
John J. Kanet, University of Dayton 

ABSTRACT 
We provide a theorem for 111 :twjTj for deciding pair-wise job precedence given that two jobs are to appear 
adjacent within a given time interval in a schedule. We show how the theorem could be usefully applied in a branch 
and bound algorithm and comnient on further research. 

INTRODUCTION 
We consider the general problem of sequencing a set N ofnjobs that arrive simultaneously to a continuously 
available machine. Associated with each job i is a required processing time Pi> 0, a due date di> 0, and a tardiness 
weight wi > 0. The problem is to find a sequences• that minimizes: 

where Ci represents the scheduled completion time for job i. In the notation of Blaiewicz, Ecker, Pesch, Schmidt, 
and W ~glarz_ (2001) we refer to this as the problem 11 l:twj Tj. 

Pair-wise precedence constraints for 111 :t w1T1 

It is well known that 111 :t wjTj is NP-hard (e.g., see Du and Leung, 1990) and that establishing precedence 
constraints between pairs of jobs can be a powerful tool in reducing the computational_ effort in the search for an 
optimum solution (e.g., see Potts and van Wassenhove, 1985). The earliest known work on precedence constraints is 

· that of Elmaghraby (1968) who provided a theorem for deciding job precedence for problem 111 :t wjTj and 
demonstrated its utility in a search algorithm. Probably the most notable work in precedence constraints is that of 
Emmons (1969) where he provided three theorems for deciding pair-wise precedence when all jobs have the same 
weights. Rinnooy Kan, Lageweg, and Lenstra (1975) extended some of these results to the problem 111 :t wjTj. 
Lawler {1977) provided a theorem for deciding pair-wise job precedence under the special condition that job 
weights are "agreeable", i.e., pi< pj ⇒ wi ~ Wj for all pairs (i, j) in N. More recently, Kanet (2001) provided new 
results for 111 :tTj, . · 

Adjacent pair-wise precedence 

Authors Rachamadugu (1987) Szwarc and Liu (1993), and Akturk and Yildirim (1998) have provided precedence 
theorems for pairs of jobs (i, j) for problem 111 :t wjTj given that i, j are to appear adjacent in the final schedule and 
the first job of the pair is to start at some time t. Szwarc and Liu's result additionally requires that job weights be 
proportional to job processing times. · · 

In the sections to follow w_e first provide a theorem for deciding job prece<;ie_nce between two jobs given that they are 
to appear adjacent anywhere within a required time interval (t, t'). We then provide two corollaries, the first of 
which is shown to be 3: simplification of the theorem ofRachamadugu (1987) and the precedence rule of Akturk and 
Yildirim (1998). A second corollary to the theorem is then provided and shown to be a generalization of the theorem 
of Szwarc and Liu ( 1993). We follow with a discussion of the practical application of the new theorem . 

.. ,. . . 

TIME DEPENDENT ADJACENT JOB PRECEDENCE 
We adopt the notation ') 7t k" to denote "j precedes k in an optimum solution". 

ADJACENCY THEOREM: For 1 / / £ w11j, given two jobs j and k that must appear adjacent in a schedule within 
the interval (t, t'), t c 0, t' c t+p1+p1c, if w1 min{max{t+p1+Pk-dJ, OJ, p,J_cwk min{max{t '-d1c, 0), pj}, then) trk. 

PROOF: It is sufficient to show that given any schedule in which k precedes j and the hypothesis of the· theorem 
holds, that swapping the positions of jobs j and k does not increase total tardiness. Let Tlj, TDk, represent the 

345 



Proceedings of the 2004 IEMS Conference 

tardiness improvement, degradation to j, k respectively as a result of the swap Thus i'f TI· > TD th t t 1 t d' . • h • . . . . · , J - k en o a ar mess 
will not mcrease and t e conclusion is J 7t k. As shown m Figure 1 consider any sch d 1 s · h' h · b k · . . . . . , e u e m w ic some Jo is 
follow~d by s~me JO~? wtthm the _mterval (t, t'), fort~ 0 and t' ~ t+pj+Pk· As illustrated, denotes, C as the start, 
finish ~1me of Job-~ J ln S,_ respectivelr Clearly, t ~ sand s+pj+pk ~ C ~ t'. Now consider schedule S' formed by 
swappmg the positions of Jobs k, and J m S. 

For swapping j and k, the tardiness improvement for job j is 

and the tardiness degradation for job k resulting from the swap is 

TDk = wk min{max{C-dk, O}, pj}, 

Clearly Wj min{max{t+pj+pk-dj, O}, Pk} ~ Wj min{max{C-dj, O}, pk}, and wk min{max{C-dk, O}, pj} ~ wk 
min{max{t'-dk, O}, pj} so that 

proving the theorem. 

. THE CASE OF A REQUIRED STARTING TIME 
A special case of the theorem occurs when the start time for the two-job set, {j, k}, is pre-specified. The following 
corollary to the Adjacency Theorem then applies . 

. COROLLARY I: For 1 //I w11j, given two jobs j and k that must appear adjacent in a schedule with the first of the 
two jobs starting at time t, ifw1 max{min{t+p1+pk-dJ, p,J, 0) ~wk max{min{t+p1+pk-dk> p), OJ thenj 1rk, else k rcj. 

PROOF: In Theorem I substitute t' = t+pi+Pk and get 
ifwi min{max{t+pi+Pk-qj, O}, Pk}~ wk min{max{t+pj+pk-dk, 0), pj}, thenj 7t k else k 1tj. 
Doing elementary algebra, we rewrite to 
ifwj max{min{t+pj+pk-dj, Pk}, O} ~ wk max{min{t+pj+pk-dk, pj}, O} thenj 7t k, else k 1tj. 
Since both jobs must be completed in the interval (t, t+pj+pk) the conclusion to the hypothesis must be j 1t k else k 1t 

j . . 

Note that if the hypothesis of the Adjacency Theorem does not hold then we can conclude nothing. However, when 
the start time for the first job of the job pair is given, as in the case of Corollary_ I, then after testing the hypothesis 
we conclude j 1t k or else k 1t j. 
Rachamadugu (1987) has provided the following theorem. 

Rachamadugu' s Theorem: Consider any two adjacent jobs in an optimal sequence for the single-machine weighted 
tardiness problem. Either the following condition holds or an alternate optimal sequence can be constructed by -
interchange the adjacent jobs in the optimal sequence: 

W; (i~ (d; -t- P;Y J ~ W;+1 (i- (d;+1 -t- P;+1Y J· 
P; . Pi+l Pi+l . P; 

In this expression, i denotes the index of the job in the ith position, x+ denotes ma1{0, x} and tis the start time for 
job i. In Appendix I we show that Rachamadugu's Theorem ⇒ Corollary 1. 

Applying the same assumptions as in Corollary 1, Akturk and Yildirim (1998) have provided a "General Rule" for 
deciding precedence between adjacent job pairs in the form of a set of "if-then-else" clauses. Corollary I _is in fact 
equivalent to their rule, but arguably more compact and the proof provided here considerable more so. 
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THE CASE OF PROPORTIONAL WEIGHTS AND A REQUIRED STARTING TIME 
A special case of 111 l: w-T, studied by Arkin and Roundy (1991) and Szwarc and Liu (1993) occurs when a job's 
weight is proportional to itsJprocessing time. Then the following corollary to the Adjacency Theorem applies. 

COROLLARY 2: For J / / Iwj1j, given that job weights are proportional to processing times and two jobs j and k 
that must appear adjacent in a sche_dule with the first of the two jobs starting at time t, if A max{min(t+pi+Pk-di, p,J, 
0} ~ Pk max{min(t+pi+pk-d1c, p), 0 }, p), then j tr k else k .tr j. 

PROOF: In Corollary 1 assign Wj f- Pj, wk f- Pk· 

Szwarc and Liu ( 1993) have provided the following theorem. 

Szwarc and Liu's Theorem: Consider two adjacent jobs Pi ~p1c, wi = Pi, wk ~-Pk· Then 

Case a: If di -dk ~ 0 then j ➔ k Vt . 
. Case b: lf di-dk ~Pi- Pk then k ➔ j Vt. 
Case c: If O < di - dk < Pi - Pk then k ➔ j for · t < tik and j ➔ k for t ~ ti"' where . 

d. -dk 
t 'k = d. - p . - Pk + J Pk. 

J J J p j - Pk 

Case a is checked first, and then Case b, and then Case c. We can show that Szwarc and Liu's Theorem ⇒ Corollary· 
2. 

APPLICATION TO BRANCH AND BOUND 
We can envision applying Corollary 1 in a branch and bound procedure in the following way. Suppose each node of 
the branching tree corresponds to a partial schedule PS(11) comprised of 11 jobs occupying the last 11 positions in the 
schedule ofnjobs. For each node we have .a set UJ of unscheduled jobs as candidates to prefix to PS(11). We branch 
from PS(11) by prefixing a job k E; UJ to position n-11 in PS(11) to form partial schedule PS(11+ 1). Figure 2 
illustrates. 

Let job J be the job occupying position n-11+ 1 in PS(ri) (see Figure 2a.). Before branching from PS(11) we can test 
Corollary 1 using job j and each k E UJ with t = l: Pi (i E N-PS(11)) - Pk· Whenever Corollary 1 concludes j .n k then 
the branch formed by prefixing k can be eliminated from the search tree. If the corollary concludes j 7t k for all k E 

UJ then PS(11) is fathomed. This procedure is in. essence the so-called "An pruning device" tested in the well-known 
paper by Potts and van Wassenhove (1985). They found it to be the most effective single device among those they 
tested. As they point out, one advantage it has is that a partial sequence can be eliminated before the partial 
sequence that dominates it has been generated. In this light, successful application of Theorem 1 could be applied 
even earlier in the branching process, and if successful, eliminating the need to test Corollary 1 at the current node. 
Theorem 1 can be tested at any time and particularly after a global precedence relation has been discovered ( e.g., 
after application ofElmaghraby's, or Rinnooy Kan, Lageweg, and Lenstra's theorems discover a new precedence). 

CONCLUDING REMARKS · 
The theorem provided here generalizes that provided by Rachamadugu in that it does not require the first of the two 
jobs to start at a given time. That start time can be within a stated time interval. The theorem generalizes that of 
Szwarc and Liu in that it does not require weights to be proportional. Another d.ifference between Theorem 1 and 
that of Szwarc and Liu is format. Through use of the max and min functions the hypothesis of Theorem 1 is 
provided by a single algebraic inequality. On the other hand Szwarc and Liu provide multiple conditions implicitly 
connected by the logical functions "and" and "or". In terms of computer implementation the difference is irrelevant. 
However, the idea of formulating n and TD functions allows the proof of the theorem to be very direct. 
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APPENDIX 1 

Here we sh~w that Rachamadugu's Theorem implies Corollary 1. We can rewrite the right hand side of the 
_hypothesis in.Rachamudugu's Theorem as follows: 

w. ( (d. -t-p.)+) w. (P· 1 -(d. -t-p.)+) w. . d } -' 1- ' ' =-' i+ ' ' =--'-mm{t+p. +p. - . P· . . . I 1+1 I' i+I • 

P i Pi+I Pi Pi+l . P;Pi+I . 

Doing the same for the left hand side and after a little algebra, Rachamadugu's hypothesis can be simplified to: 

To compare his theorem to Corollary 1 directly, we use j to replace i and k to replace i+ 1 to yield: 

Proposition: Rachamadugu's Theorem ⇒ Corollary 1 

Proof: We consider four possible cases. 

Case 1. dk < t+pj+pk and dj < t+pj+pk 
Corollary 1 is same as Rachamadugu's Theorem. 

Case 2. dk < t+pj+pk and dj ~ t+pj+pk 
Corollary 1 finds the same sequences as Rachamadugu' s Theorem. 

Case 3. dk ~ t+pj+pk and dj < t+pj+pk 
Corollary 1 finds the same sequences as Rachamadugu' s Theorem. 

Case 4. dk ~ t+pj+pk and dj ~ t+pj+pk 
Both jobs are not tardy. The total weighted tardiness equals zero when job j precedes job k or job k precedes job j. 
Corollary 1 states that either j 7t k or else k 7t j. Here, TD(dk) and Tl(dj) are both equal to zero. In Rachamadugu's 
Theorem, the two negative value wk (t+pj+pk-dk) and wj (t+pj+pk-dj) are compared and a single sequence is 
determined. Thus, in this one case, Corollary 1 is slightly more general than Rachamadugu' s Theorem. 
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WHAT FACTORS DO PRACTITIONERS REALLY CONSIDER IN 
CONTRACT SIZE, LOT SIZE, AND SHIPMENT SIZE DECISIONS? 

Pamela A. Miller, Northwestern State University 
Peter Kelle, Louisiana State University 

ABSTRACT 
T~icall~ in supply management the buyers ~a~t the~ orders sent in small, frequent shipments according to Just-In
Tlme dehve~. On the ~ther hand, the_ supplier s optimal arrangement would be to have large manufacturing lot 
sizes and_sh1p the or~er m one large shipment. ~uantitative results have supported this notion. The quantitative 
m~de~s yield the optimal co~tra~t, setup, and shipment size based on the ordering cost, holding cost, setup cost, 
shippmg·cost, etc. The question is what factors do purchasers and suppliers really consider in decisions on contract 
length lot size, and shipment frequency. We conducted informal interviews with purchasing professionals and 
supplier representatives to answer this question and compare the responses of the two groups. We relate the 
responses also to the quantitative modeling results. 

INTRODUCTION 
Typically in supply management the buyers want their orders sent in small, frequent shipments according to Just-In
Time delivery. This reduces holding costs, storage and retrieval processes, and inventory tracking. On the other 
hand, the supplier's optimal arrangement would be to have large manufacturing lot sizes and ship the order in one 
large shipment. This results in reduced setup and _shipment costs. Quantitative models which yield-the optimal 
contract, setup, and shipment size have supported these notions. These models are based on the ordering cost, 
holding cost, setup cost, shipping cost~ etc. The question is are these the factors that purchasers and suppliers really 
consider in making these decisions. Also, are there other factors? In order to answer these questions, we conducted 
informal interviews with purchasing professionals and supplier representatives and we compare the responses of the 
two groups. Further, we relate the responses to quantitative modeling results. 

LITERATURE REVIEW 
Harris (1915) developed the Economic Order Quantity (EOQ) model which calculates the optimal order quantity for 
the buyer that minimizes the sum of the ordering and inventory holding costs. It was assumed that the order was 
received in one shipment. Pan and Liao (1989) extended this model to include multiple shipments as occur in Just
in-Time (JIT) systems. The increase in shipping costs was not included in the model. Ramasesh (1990) added a 
term in the total relevant cost to reflect this increase. In these models, only the buyer's costs are considered, 
whereas, with the emphasis on relationship management today, the trend is to reduce system costs for the whole 
supply chain. In this spirit, Banerjee (1986) developed a model that finds the order quantity that minimizes the total 
relevant costs for the buyer and the supplier called the joint order quantity. Multiple deliveries, however, are not 
considered in this model. Goyal (1988) adjusts this model to allow the supplier to produce in lot sizes that are a 
multiple of the purchaser's order quantity. Banerjee and Kim (1995) further extend the supply chain by adding the 
raw material supply into the joint total relevant costs (JTRC). 

Miller and Kelle (1998) extend these models by including in the JTRC the shipping cost, multiple deliveries, and _ 
adjust the supplier's holding cost to reflect multiple deliveries as in Golhar and Sarker (1992). This research 
supports the idea that the optimal situation for buyers is to receive small, frequent shipments and suppliers benefit 
from shipping in one large shipment. .In Kelle and Miller (1998), a safety stock factor is added to combat the 
uncertainty that can occur in transition to JIT. Kelle, Al-khateeb, and Miller (2003) add a cost term to reflect the 
loss of fl~xibility resulting from entering into a long term contract. 

, QUANTITATIVE MODEL 
Our model finds the optimal JIT ordering/shipment policy for the buyer, the optimal setup/shipment_ policy for the 
supplier, and the joint optimal shipment size for the buyer and the supplier in a ~T ~nvironme~t.- (See ~.elle, Al
khateeb, and Miller (2003) and Kelle, Al-khateeb, and Miller (2004) for the denvations.) The J0mt optimal 
shipment size is not the individual optimal for each partner, but it is a compromise between the two parties which 
minimizes the total system cost. 

352 



Proceedings of the 2004 IEMS Conference 

The Buyer's Model 
The buyer using a JIT system requires small, frequent shipments. It is assumed that the buyer's order ( contract 
quantity), Qa, is delivered inn shipments of size q = Qa/n. The optimal shipment size for the buyer can be expressed 
as given below with an Economic Order Quantity (EOQ) type formula. Therefore, the shipment size is dependent 
on the demand rate, the receiving cost, and the holding cost (ra Ca). As we would expect, the shipment size 
increases as the receiving cost increases and decreases as the holding cost increases. 

where 
D 
Ca 
ra 
Za 

= annual demand with known constant rate, 
= the selling price, · 
= the buyer's ~nnual inventory carrying cost rate (proportional to the inventory value). 
= the receiving cost for the buyer, the fixed cost ofreceiving .a shipment (this cost is independent of the 
shipment size. If there is a part of the transportation cost that is proportional with the shipment size, it can 
be handled in a similar manner as the inventory holding cost), 

In contrast, the optimal contract quantity given below is a function of the demand rate, the supplier's setup cost, and 
a new cost factor which is the cost of flexibility loss. The new parameter, La, is the flexibility cost that represents 
the managerial concern of having a very large order quantity. This commitment results in a loss of the flexibility to 
switch to another supplier or to a different product. The La factor is larger for products with shorter life cycles, less 
reliable markets, frequent technical changes, more competitive vendors, tighter purchase budget, and b_etter 
investment opportunities. It will be especially large for commodities where the price fluctuates. However, L8 

should be smaller for vendors with alliance, partnership, or sole sources of supply. 

where 
Aa 
La 

= the buyer's ordering cost, which is the cost of preparing and closing the contract, 
= the cost rate of losing flexibility for t~e buyer 

The holding cost does not play a role in determining the length of the order contract since the holding cost depends 
on the shipment size and not on the order (contract) quantity. As it costs more to order, the contract amount 
becomes larger and therefore we order less often. As the flexibility cost increases, the contract amount decreases, 
hence, increased flexibility. 

The Supplier's Model 
The optimal policy for the supplier is to have one delivery for one setup if the demand rate is less than half of the 
production rate. The high-demand buyer case is more complicated and not considered in this paper. The optimal 
shipment/lot size is 

where 
p 

As 
Cs 
rs 
Zs 

Q *s = q s = 

= the production rate 
= the supplier's fixed setup cost, 
= the production cost, 
= the supplier's annual inventory carrying cost rate, 
= the supplier's fixed cost related to each shipment to buyer (independent of the shipment size), 
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Therefore, as the ~xed setup and shipment cost increases the order quantity increases and as the holding cost 
increases the lot size decreases. . · 

Are the factors in our model the considerations used in making these decisions in practice? 

RESULTS 
We interviewed purchasing profe~sionals and supplier representatives and asked them the· following questions: 

1) What factors do you consider in making decisions about whether to enter a short-term contract or a long
term contract? 

2) What factors do you consider in making decisions on whether to request small, frequent shipments or a few 
large shipments? 

Responses of Purchasing Professionals 
In terms of contract length, the purchasing professionals felt that forming a long term alliance with suppliers resulted 

. in cooperation, trust, and opportunity for information sharing . . These advantages support those in the literature. 
Price was also a consideration. They felt that a long term contract would give them increased power in negotiations 
resµlting in a lower price offered. If it was felt that the price may increase, they would enter a long-term contract to 
lock in the lower price. Technical support was also a key issue for a few buyers. 

In weighing the long term vs. short term contract decision, stability of the company and price volatility were 
mentioned by several participants. It was felt by some that they wanted the ability to switch to another supplier 
easily. Also, some considered whether the item could become obsolete .. This supports the inclusion of the 
flexibility cost in the model. The interviewed experts agree that the objective measurement of this risk is getting 
more important with shorter product life cycles, frequently changing markets, and global competition. 

The factors that motivated a company to require small, frequent shipments vs. large, less frequent shipments were 
also discussed. Companies that used JIT systems required frequent shipments as expected. Other companies did not 
have the unloading and storage space for large shipments. Freight costs were also an important factor. They 
weighed the freight and unloading costs vs. the carrying costs in order to make this decision which is supported by 
our model. · 

Responses of Supplier Representatives 
Access to supplier representatives was limited due to the fact that most companies handle sales through the 
corporate office and not at individual plants, therefore, we did not have as many supplier interviewees. In terms of 
contract length, supplier representatives considered the stability of the firm and the amount of capital investment that 
would be required. The frequency of shipments seemed to be dictated by the customer in most cases and the 
shipping cost was passed on to the buyer in the price or as a fee. Moreover, pleasing the customer was important. 

CONCLUSIONS AND FUTURE RESEARCH 
The purchasing professionals considered many more factors than the suppliers in their decisions on contract length 
and shipment frequency. However, the number of supplier interviews was smaller than the number of purchasing _ 
professionals. This result is expected since a purchasing contract is typically riskier than a sales contract. 

In comparing the factors considered in these decisions, most are reflected in our quantitative model. There were no 
glaring omissions. In terms of the new factor our model, the flexibility cost, the inclusion of this cost was supported 
by our in_terviews. Many were concerned about the price volatility of the item (the inability to take advantage of 
price decreases in the market) and the high switching costs that result from entering into a long term contract. 

J 

The number of interviewees was small and from one state. We intend to use these results -to develop a questionnaire 
and reach a larger number of respondents. Using these results we will evaluate our models. · 
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THE USE OF VISUALISATION IN THE DEVELOPMENT AND 
IMPLEMENTATION OF OPERATIONS STRATEGY 

Ken Platts, John Mills and Kimhua Tan 
University of Cambridge, U.K. 

ABSTRACT 
This paper discusses the use of visualisation in the process of developing and implementing operations strategy. It is 
based on extensive case based research in a range of companies in the manufacturing sector. The paper discusses the 
requirements at different stages of the strategy process and describes a visualisation technique for each stage. 

INTRODUCTION 
The formulation of strategy is not an easy task. It is not easy because it requires the acquisition and analysis of vast 
amounts of data, followed by the synthesis of courses of action that are coherent, and robust. This is a mammoth 

· cognitive task. To quote Mintzberg (1978) "There is perhaps n:o process in organisations that is more demanding of 
human cognition than strategy formation". A typical strategy formulation process involves a series of stages (see 
Figure 1) from identifying customer product groups to embedding strategy into culture (Mills et al. 2002) At this 
level of aggregation the process might appear straightforward, but when the detail of the process is examined, it 
becomes apparent that each stage involves the consideration of many variables and complex relationships. Written 
descriptions are inadequate for dealing with this complexity. There is a need for robust, straightforward methods for 
mapping and representing the complex, multi-dimensional issues involved in the formulation of strategy. These 
might include, for example, visualisations to enable managers to understa~d issues of causality, importance-priority 
relationships, the relationships between variables, and so on. 

Market and 
company 
constraints 

Figure 1 -A Strategy Formulation Process (source: Mills et al. 2002) 
J 

Once formulated there is also a set of issues around checking and communicating strategy; , Skinner (1996) 
contended that o~e of the major problems for managers implementing manufacturing strategy ideas was their proven 
inability to step back and assess the coherence of their strategies. Other empirical studies (Swamidass, 1986) have 
shown that manufacturing strategies in most firms were neither visible nor obvious. Again we are seeing problems of 
cognition and perception, arisi~g mainly because people try to explain company missions, objectives and strategies 
solely in words. An alternative, or perhaps additional, approach would be to use pictures. Meyer (1991) advocated 

· visual approaches for collecting and representing the "fuzzy multi-dimensional constructs met when analysing 
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organizations" and strategy is certainly one such construct. There are benefits to using a picture. Structured, pictorial 
approaches aliow data gathering and representation to be combined. They can assist data analysis and therefore may 
enable a representation to be built and analysed at the same time. Patterns, sometimes associated with strategic data, 
can be made more accessible from pictures than text. Pictures can be created and viewed by groups and may help 
develop a common understanding of a strategy, and hence assist communication. 

This paper explores how visualisation can be used to support strategic decision-making, specifically concentrating on 
the formulation, communication and implementation of operations strategy. The paper will briefly review some of 
the literature on visual representations and then look at three specific visualisation techniques, which we have 
applied during the operations strategy process. 

VISUAL R:EPRESENTATIONS 
The importance of visual representation to support decision-making has been emp-hasized by many researchers 
(Lohse et al. 1994; Tufte, 1990; Foil and Huff, 1992; Eden and Ackermann, 1998; Tan and Platts, 2003a). They 
argue that visualisation transforms raw data into pictures that people can understand quickly. It is an accessible form 
of knowledge representation. 

Foil and Huff (1992) point out that visual representations such as maps provide new ways of examining data and 
improving managerial judgement. The visual representation of a mental map is in itself a useful form for helping 
managers to make sense of complexity. Visual representation can both simplify ideas and facilitate the transntlssion 
of complex ideas from individual to individual and unit to unit. Most importantly, visual representation helps to 
divorce ideas from specific speakers, making them more accessible to debate and modification. Foil and Huff argue 
that visual representations are of potential interest to managers because they are a means of displaying graphically 
the firm's current strategic position, as various observers understand it, and because they hold the promise of 
identifying alternative routes to improving that position. Many other writers have addre~sed the functions of 
visualisation. Table 1 presents a compilation from literature of the main cognitive and operational functions of 
visualisation. 

Focuses attention 

Triggers memory 

Shares thinking 

Stimulates thinking 

Bridges missing 
information . 

Challenge self
imposed constraints 

erce tion 

Allows managers to identify the areas 
of 'interest' 

Allows managers to make 
connections amon ast events 
Enables managers to share their 
thinkin with collea es 
Provides an invitation to view a 
situation in a way that often 
stimulates fresh thirikin 
Exploits the human visual system to 
extract information from incomplete 
data · 
Enabl~s managers to look at a 
problem in a new way 
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Identifies structure, 
trends, and 
relationships 

Displays multivariate 
performance 

Highlights key factors 

Provides an overview 
of complex data sets 
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Identifies structure, patterns, trends, . Weick (1979); Zhang and 
anomalies, and relationships in data Whinston (1995); Mintzberg 

etal. (1999); Chen (1999); 
Kaplan and Norton (2000) 
Phaal et al. 2002 

Enables managers to analyse complex Mills et al. (1998); 
performance Richards (2000); 

Allows managers to specify explicitly 
their views on the importance 
wei htin of variables 
Provides a picture of the problem that 
is relatively easily examined, 
explored, and if appropriate, changed. 
Managers often have difficulty 
perceiving the dependencies among 
choices, uncertainties, and outcomes 

Kim and Maubor e 2002 ; 
Tufte (1983); 
Eden (1988); 
Tan and Platts 2003a ; 
Hom (1989); 
Tufte (1990); 
Spence (2001) 

THE USE OF VISUALISATION IN THE STRATEGY PROCESS 
Strategy formulation is a multi-stage process, involving the understanding of complex and multi-dimensional issues 
ranging from product identification to delivering customer satisfaction. There are difficulties in representing the 
complexity of this manufacturing and business strategy content. At different stages in the strategy process, the 
requirement for, and use of, data in the process changes. Data needs to be presented in a form that is suitable for the 
task at hand, and this implies that a strategy process requires a range of visualisation techniques. Using the well
tested strategy formulation process (see Figure 1) developed by Mills et al. (2002), the following section explores 
three different data visualisation requirements and describes three visualisation techniques, which have been used to 
support the strategy formulation process. The requirements of a) capturing historical events; b) understanding 
complex relationships among variables and c) identifying routes to implementation are addressed by the techniques 
of a) Strategy Charting; and b) TAPS and c) Force field analysis. These three aspects of the process are chosen 
because they represent differing levels of detail and hence allow the demonstration of different visualisation 
techniques. 

Strategy Charting - Capturing Historical Events 
A key activity in developing strategy is understanding the past. To be meaningful strategy must be set in a real 
context that shows how the organisation attained its present state and what factors have driven, drive or have failed 
to drive the organisation towards attaining its objectives. (Mills and Richards, 2000). Hayes et al. (1988) capture 
this concisely: 
'Unless one understands how an organization got where it is, it is difficult to determine the appropriate steps to 

take next. If not properly understood, the forces that drive it in a certain direction will continue to operate, despite 
whatever well intentioned decisions are imposed upon it.' (p. 25) 

Thus, the .requirement is for manage_rs to visualise the current strategy of their firms, along with previous plans and 
actions, their successes and failures, and also events, which were never consciously planned. These latter events 
comprise 'emergent' strategy. (Emergent strategy refers to actions and events that hate had an impact on the working 
of an organisation but have occurred without conscious planning, see Mintzberg and Waters, 1985.). Strategy 
Charting (Mills et al. 1998) provides a simple to use visualisation tool to capture activities and events that illustrate 
planned and emergent strategy, giving managers a common understanding of past, present and future strategy within 
their organisation. The tool uses colour, text and organised space to record and display information in a readily 
understandable form. The basic chart is constructed on sheets of flipchart paper attached to the wall. Time is 
represented along the horizontal axis. Top to bottom the sheets are marked to show a decision/ implementation 
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hierarchy that describes the organisation being charted (see Figure 2). The bottom two levels of the hierarchy are 
always 'strategy formulation' and strategy implementation'. Managers use felt-tip pens or colour post-it notes to 
represent actions on the chart. The actions are colour coded to correspond with the policy ( or decision) area that 
they address. The following policy areas, adapted from Hayes and Wheelwright (1988), are used: facilities, capacity, 
vertical integration, processes, control policies, suppliers, quality, human resources and organisation, new product 
introduction and performance measurement. 

. Business Strategy 
& Objecti~es 

Manufacturing 
Objectives 

Manufacturing 
Strategy 
Developm_ent 

Manufacturing 
Strategy 
Implementation 

Obj : R.0.C.E . 
Improvement to 25% 

reduced 

leader 
course run 

Fi~re 2 - An Example ofa Strategy Chart 

The construc,tion of the.chart allows managers to: 
represent business and manufacturing objectives; 
show actions and decisions in manufacturing's strategic decision areas; 
indicate interactions or linkages between decision areas; 
show perceived causal connections betweeff events; 
represent any event perceived to be of strategic importance 

Time 

Representing manufacturing strategy as a pattern of actions appears to make 'strategy' an understandable and 
communicable concept for managers and workforce (Mills et al. 1998). Charts show parts of the context and process 
of strategy. The act of charting provokes considerable discussion on how past strategies arose; how long they took to 
implement; and which strategies failed and why. Thus, charting is a small step in the direction of facilitating self
awareness, promoting sensitivity to an organisation's history and exploring the dynamics of its strategy development. 
.One of the key aspects of strategy charting is the use of groups of managers to create the charts. The charts then 
represent the shared perceptions of the group (Huff & Fletcher, 1990). This has a number of benefits over a chart 
created by a single manager. · Discussion in a group environment helps individuals to recall past actions, and the 
involvement of a nwnber ·of managers in chart construction is one way of reducing errors. But most importantly, it 
helps cofmm.lnicate and .promote a consensus view of current strategy. However, there is the risk of 'group think' 
(Janis, 1979) and of missing potentially differing interpretations of past and current events. 

· The approach provides, within limits, an organization specific record of manufacturing strategy content that is useful 
for identifying current strategy. In particular, representing manufacturing strategy as a pattern of actions appears to 
make 'strategy' an understandable and communicable concept for manufacturing managers and workforce. Charts 
offer insight into the longitudinal development of manufacturing strategy content. Practitioners find the 
representation especially useful for analysing long run strategic programmes like 'Empowerment' and 'TQM', where 
decline in activity and changes in priorities can be easily seen. The approach appears to help the identification of 
strategy content more fully and more quickly than individual interviews, archive searches and subsequent analysis. 
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Typically a chart is constructed in two sessions of between two and three hours. 
The approach appears to present an understandable view of strategy for those who must develop it, implement it and 
live with it. It is well recognised that strategies need to be communicated well if they are to be implemented 
successfully, obviously the charting approach can assist here, but the activity of charting can achieve more by 
encouraging analysis, and ultimately synthesis. The act of charting can provoke considerable discussion on how past 
strategies arose; how long they took to implement; and which strategies failed and why. Charting past strategy can 
therefore be very useful in forming new strategy, especially if managers are prepared to leain from the past. If 
manufacturing strategy is about choice and order of implementation of manufacturing systems (Clark, 1996) and/or 
about strategic trajectories and the building of manufacturing capabilities (Hayes & Pisano, 1996), then 
representations, which show the development of strategy over time, have great utility. 

In summary, strategy charting allows the visualisation of patterns, which, as Mintzberg & Waters speculated, is a key 
component of strategic control: 
"A major component of that elusive concept called 'strategic control' may be in managers doing what we do as 

researchers: searching for patterns in streams of organizational actions. Pattern recognition is likely to prove a crucial 
ability of effective managers and crucial to effective organizations may be the facilitation of self-awareness on the 
part of all its members of the patterns of its own actions and their_ consequences over time" (Mintzberg & Waters, 
1985, p.272) 

Understanding Complex Relationships - Tool for Action Plan Selection (TAPS) 
The first visualisation was concerned with getting an overview of the strategic landscape and identifying patterns and 
trajectories. This visualisation, used at a later stage.of the strategy formulation process, helps with the task of 
translating business objectives into action plans. The generation of a range of feasible actions is difficult because 
many decision variables need to be taken into account. The interactions of these variables is extremely complex, and 
in many cases is not well understood. Furthermore, managers often have different mental models of these 
interactions, based on their previous· experiences. Managers require assistance with the visualisation of the cause
effect relationships of these variables, so that they can share opinions and display the relationships openly to 
facilitate discussion. 

TAPS (Tool for Action Plan Selection) (Tan and Platts, 2003b) is a software tool to help managers to visualise the 
cause-effect relationships between variables and objectives. TAPS utilises the connectance concept (Burbidge, 
1984). In TAPS, the unit of data entry is a variable. Variables are linked by connectances. A connectance between 
variables is said to exist if a change in one variable will induce, or be induced by, a change in the other. The 
existence of this connectance can be shown graphically by placing the names of the variable and objective within 
nodes and connecting these two nodes with an arrow. By repeatedly adding variable nodes and connectance linkages 
a network of variable relationships can be created. (see Figure 3). 

The network diagram is structured into four basic levels. The bottom level displays the objective or the variable to 
be analysed. In level two, the objective is broken down into its different dimensions. For example, flexibility can be 
broken down into four resource dimensions: System, Labour, Process and Control. In level three, the relevant 
connectance variables for each resource dimension are displayed. The top level displays the actions that could be 
taken to address the variables. For example, the connectance variables for labour flexibility could be training and 
wqrking hours, and one of the actions that could be taken to address working hours is overtime (see Figure 3). 

j 
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Figure 3: Structure of the Network Diagram for Flexibility (Connectance Approach) 

Actions 

Variables 

Dimension of 
objective 

•' 

Objective 

To enable a user to identify actions related to specific variables, TAPS has built-in functions called 'Trace-Down' 
and 'Trace-Up'. Trace-Dowrt is an analysis to determine the effect of a given direction of change in one variable on 
other variables in the network. Trace-Up analysis, starts with a desired direction of change in a variable and works 
back to find which other variables have to be changed in value and in which direction. These functions allow a user 
to perform an analysis on any variable in the network diagram. 
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Fig.4 shows a screen shot of a trace-up analysis on the 'flexibility' variable. This demonstrates the potential 
complexity of the networks that can be created. In order to cope with this complexity the tool allows for filtering to 
reduce the diagram to the most important variables and linkages. Two types of filter information are used, one 
related to variables and one to connectances. Thus the filter function will allow the user to focus on those variables 
which are likely to be most relevant in a given situ~tion, for example, those variables having an immediate effect, or 
those which cost little to change. 

In practise the TAPS visualisation software is best used in a group environment, using a computer with a projector. 
Models specific to the organisation can then be built collaboratively in real time. TAPS provides clarity by 
facilitating communication among managers and helps to get everyone's view out in the open, where assumptions 
can be recognised and challenged and where the need for more detail information becomes more obvious. 
Using TAPS, managers can build a visual representation of the variables in their manufacturing system. It helps 
them to clarify their thinking by bringing to the surface their various mental models and assumptions. TAPS enables 
managers to map the variables, see how they fit together and how they influence one another and by doing this 
generate new understanding and ideas. 

In the longer term, TAPS should facilitate the accumulation and integration of a body of knowledge specific to the 
operations of a particular business, so that what is learned through coping with one set of problems can be brought to 
bear on others. 

Identifying routes to implementation - Force field analysis 
This third visualisation is used at a late stage of the strategy formulation process to help with the task of 
implementation. The previous visualisa~ion identified the broad action plans required to meet operational objectives. 
This visualisation helps managers to plan specific implementation activities. It is based on the concept of force field 
analysis (Lewin, 1951). 

Lewin ( 1951) proposed the concept of force field analysis to help understand _change processes in organisations. In 
force field analysis, change is characterised as a state of imbalance between driving forces ( e.g. new personnel, 
changing markets, new technology) and restraining forces (e.g. individuals' fear of failure, organisational inertia). 
To achieve change three steps are required. First, an organisation has to unfreeze the driving and restraining forces 
that hold it in a state of quasi-equilibrium. Second, an imbalance is introduced to the forces to enable the change to 
take place. This can be achieved by increasing the drivers, reducing the restraints, or both . Third, once the change is 
complete the forces are brought back into quasi-equilibrium and refrozen. We have adopted this concept to help 
with the detailed planning of activities, as essentially the implementation of action plans is a change process. The 
visualisation used is shown in fig.5. 

The technique is used to identify and prioritise the activities required to implement a broad action plan. This is done 
by identifying the forces that will move the company from the current state to the state envisioned. In a group 

·· setting, managers are asked to identify forces driving change and forces opposing change. These are plotted on the 
chart as directed arrows. The largest restraining forces, and the driving forces with the biggest potential for being 
increased, are indicated by shading the relevant arrowhead. In order to help with the identification of forces a 
number of generic headings are used as prompts. These cover external factors, such as constraints or policies 
imp9sed by the state or the industry, and internal factors divided into 3 main categories: structural; infrastructural; 
and human factors. The structural and infrastructural categories are those used by Hayes and Wheelwright and Clark 
(1988); the human factors have been further developed as it is found that behavioural aspects are highly significant in 
driving change. 

Progress towards the implementation of~ c;\Ction plan will be achieved by changing the balance of the forces 
maintaining the status quo. Thus activities that increase driving forces or reduce restraining forces will drive the 
implementation forward. Through reviewing the force field diagram, the forces can be visualised and ·appropriate 
activities initiated. Prioritisation of activities can occur by addressing first those activities that impact upon the 
largest forces. 
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Broad Action Plan: 

D R IV IN G F O R C E S R E S TR A IN IN G F O R C E S 

EXTERNAL 
National 
Industry 
Corporate 
Bu sincss 
Other Functions 

NO . 

GENERIC HEADINGS FOR FORCES 
STRUCTURAL 
F ac i litics 
Process Technology 
Capacity . 
Vertical In tcgration 
Products 

INFRA S T°R UC TUR AL 
Production Control 
Quality 
New Product Introduction 
Suppliers 
Perform ancc M casure 

Specific activities to support Plan 

DESCRIPTION 

·Fig 5. Force field analysis 

DISCUSSION 

H lJM AN 
Culture 
0 rgan isatio n 
Skills and Training 
R cw ard s & In ccn tives 
Communications 

PRIORITY 

Everyday individuals make decisions and act based on reference to mental models that they have of the world and 
the situations they are in. While this may suffice for individual decision making, it becomes problematic when 
transferred to an organizational context, as individuals within organisations often have different inental models 
embodying their specific experiences and values. In the process of strategy making there are clear benefits of 
developing shared and agreed models of an organization's operation. Visualisation techniques contribute 
significantly in this area. The use of the visualisation tools described above has been found to provide managers 
with a way of formalizing, capturing, and sharing their mental models. Communication and subsequent discussion of 
the models were greatly enhanced by the ability to build and manipulate the models in real time. With strategy 
charting, this was done by the placing of self-adhesive coloured notes onto a prepared flip chart. With TAPS, this 
was done with the use of a computer with video projection provided. With Force field analysis simply sketching on 
a whiteboard sufficed. The visualizations prompted discussion and -led to the building of shared consensus models. 
Managers commented that the process of building and manipulating the models gave them new insights irito, not only 
the way the organization worked, brit also into the way in which their colleagues perceived the operation. These 
aspects of learning we:re considered valuable for two reasons. The first, fairly obvious, one is that improved 
understanding of the operation of the organization would better inform decision making. The second reason is more 
socially oriented. The recogm~ion _that the organization comprised individuals with differing perspectives, values, 
and beliefs helped them to make sense of actions that might otherwise appear inappropriate. Being sensitized to this, 
managers might explore ways of capturing and communicating these disparate views. Visualisation tools provide 
one such way of achieving this. There ~s an educational aspect to the collective use of visualisation, encouraging 
learning both at an individual and group level. By iterative modelling and group discussions, managers learn and 
modify their understanding, ideas, beliefs, and even their thought processes over time. 

Another important use of visualisations is the transmission of knowledge, perceptions, and to some extent culture, 
between those who have been in the business a long time and those who are relatively new. Strategy charting is 
particularly valuable here. One aspect is building an understanding of, and learning from, past failures. Success or 
failure of particular strategies is highly context dependent; visualisations that help to capture past actions and context 
can be very helpful when reviewing proposed actions and current conditions. 
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We have shown how three specific visualisation tools can be used at different stages in the strategy process. The use 
of these tools clearly has a beneficial effect both on the specific stages of the process, and, we believe, on the 
methods of knowledge creation and communication within organisations. We are actively researching the 
application of further visualisation and modelling techniques to address a wide range of strategic problems, with a 
view to developing a framework linking strategic problems and visualisation techniques. 
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ANALYSIS AND OPTIMIZATION OF QUEUING SYSTEMS IN THE 
FAST FOOD INDUSTRY (PIZZA DELIVERY) 

Ahmad Rahal 
University of Central Florida 

ABSTRACT 
The objective of this project is to devise a strategy to improve customer service and satisfaction during Friday's rush 
hour from 5:00 to 8:00 pm for a national pizza chain store. This strategy consist of determining the most efficient 
number of pizza delivery drivers needed to improve the pizza delivery service time, and the number of phone lines 
needed to guarantee phone call loss rate of less than 1 %. 

Data supplied by the national chain store was used and analyzed. It was found that five phone lines are needed to 
help the company reach its second objective As for the first objective, the results shows that 16 drivers are enough to 
achieve the company's objective on the delivery's time, also it was found that adding 2 additional drivers to a total 
of 18 would cut the waiting time of the finished pizza by about 72% or 2.8 minutes (from 3.5 to almost 1 minute) 
thus improving the delivery time by this amount. The incremental cost of adding those two drivers was found to be 
about $3 l. These results are in agreement with the current physical operation as they currently have five phone lines 
and have never received a busy signal complain from any customer. These results were satisfactory. In addition, a 
suggestion to implement a tracking system that will help match deliveries based on their addresses proximity is also 
recommended. 

INTRODUCTION 
Friday nights between 5:00 and 8:00 PM is considered the peak time where pizza orders could exceed two hundred • 
pies per hour. To better serve its customers during this peak time, the store management has decided to conduct an 
experiment to model the queue and study the waiting time of the ready-to-deliver pizzas waiting to be delivered by 
the scheduled drivers (see store layout, holding rack). The first goal is to determine the number of phone lines that 
are needed to guarantee that at no more than one percent of all calls gets a busy signal, and the second goal is to 
improve the pizza delivery service time (within 35 minutes of receiving the order) and optimize the number of 
scheduled drivers to minimize the delivery cost. · 

The defined queuing system will be modeled using the available data and as it presently exists. Alternative solutions 
such as different staffing levels and other measures of performance will be evaluated to determine the best 
acceptable solution that would meet the company's objectives. 

Problem Statement: 
The goal is to improve the pizza delivery service time, guarantee phone call loss rate of less than one percent, and 
determine the most efficient number of pizza delivery drivers to improve customer service. 

Objective 
The objective of this project is to improve customer service and satisfaction by determining: 

1. The number of needed phone lines that guarantee less than one percent of all received calls will be lost (ger 
a busy signal) 

2. The most efficient number of pizza delivery drivers that should be scheduled to improve the pizza delivery 
time and minimize cost. 

Operation description: 
Customers' orders are taken by the store phone operators and are automatically entered in the computerized system 
that tracks the age of the order at specified locations throughout the process. Data collectio11 is as follow ( see store· 
layout page 13 in the appendix): · 

1. Orders are taken using the computer systems labeled 1, 2, 3, and 4 
2. The orders are then routed to the pizza maker and then to the topper and loader who loads the pizza in the 

conveyor oven ~nd logs the time of loading ( computer system labeled 5) · 
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· 3. The pizza requires a fixed eight minutes travel time in the conveyor oven. The pizza is then picked up by 
the oven operator who cuts the pizza and places it in the hot holding rack waiting to be delivered by the 
driver. The driver picks up the pizza and logs in the pick up time (computer system labeled 6). 

4. Upon returning to the store, the driver logs in his arrival time (computer system labeled 6). From this data, I 
was able to determine the following: 

I-How old is the order when it reaches the holding rack 
2- The waiting time in the queue until picked up by the driver · 
3~How old the pizza is when delivered to the customer. 

QUEUES IDENTIFICATION AND DISCUSSION 

Phone Queue 
Customers calling to place orders will be put on hold, hence forming a queue. To resolve this issue, the Erlang loss 
formula with an M/G/m/0 queue, that is, a queueing system with m servers and a buffer size of zero, with general 
service time arid poisson arrivals, was used to determine the proportion of customer that are lost because all 
available lines are busy and to determine the number of needed lines to keep the· lost call to less than the acceptable . 
level of 1%: 

Lines lost calls 

1 46.63% 
2 16.92% 
3 4.70% 
4 1.02% 
5 0.18% 
6 0.03% 
7 0.00% 

Table 1 
This table shows that the level of lost calls decreases as the number of lines increases. Hence, at 5 lines the 
proportion of lost call is less that 1 % which is at the acceptable level. 
Conclusion: 5 phone lines are needed 

Make line queue and oven queue 
During the peak hours, management has allowed the scheduling of enough pizza makers and loaders (a total of five 
to six). In addition the oven capacity of about 360 pies per hour can handle the volume thus eliminating any queue 
that will form at this location. The data shows that it takes an average of 1.16 minutes to load a pizza in the oven, 8 
minutes in the oven for a total of 9 .16 minutes for the pizza to reach the Delivery queue.Given this information, it 
was concluded that there no need to improve any of the operations at any of these 2 queues. 

Delivery Queue 
After exiting the oven, the pizza cutter will cut the pizza, box it and place it on the rack to be picked by the driver 
and then delivered to the customer. This queue will be analyzed to determine the optimal number of drivers needed 
to improve the delivery-service. · · 

Data choice: 
· For the study p,erio4 (Friday 5:00 to· 8:00 pm), data for several Fridays were looked at and it was found that the sales 
figures, the average price of a pie, and the number of pies sold were within 5 percent of each other. Hence, the data 
for a random Friday was collected from the company's computer system and was assumed to give a good 
repres_entation of the system during the study period time frame. 

Quantitative goodness of fit tests: 
Modeling: 

. Poisson model was found to be the plausible model to use for the order arrival process. The data was graphically and 
statistically tested (see graphical tests) and was found to conform to the Poison arrival process. Hence it was 
determined that there is no reason to believe that the arrival process is not Poisson. 
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Statistical Tests: 
To determine whether the data set has an interarrival exponential probability distribution, the Kolmogorov-Smirnov 
(K-S) test was used to test whether or not the data set conforms to a theoretical probability distribution. It was found 
that the interarrival times has an exponential probability distribution. A ·t-test was also used, and it was determined 
that the inter-arrival times are most likely independent. (For complete analysis of the statistical test. 

Queuing analysis: 
Assumptions 
Analytical modeling for this project was based under on the following assumptions: 

• The queuing system is said to operate in steady state 
• The probability distribution for the queue length is time independent 
• Arrival process is stationary ( the arrival process has to be stationary for the system to enter steady 

state) 
• Arrival process is a Poisson process 
• Service time is exponential 
• The service process is time independent 
• Infinite queue capacity 
• Queue discipline ofFCFS (first-come, first-serve) 

Based on the report sheet, sixteen Drivers were scheduled for that day 

Modeling equations: 
Using R.W. Hall's derivation, the M/M/m/ oo was used to model the queue, using the following equations: 
Where the queuing system has m servers working in parallel and the servers operate at the same service rate, µ , and 

work on one customer at a time. Also suppose that the arrival rate is not influenced by the state of the system, then: 

1 
Po=--------- (plm<I) 

m-l m 1 . LPn /n!+p_*--
n-o m! 1-p/m 

Where the absolute utilization rate is given by p(t) = A(t) =order arrival rate/order sercice rate 
µ(t) 

The performance measures are: 
pm+l Im 

Expected number in the queue is given by L q= -----Po 
m!(l- p)2 

m 
Expected number in the system is given by L5=L q+ p 
The expected waiting time in the queue is given by W q=L q/ A 
Th~ expected waiting time in the system is given by Ws=Ls/ A 

Data Analysis and model formulation: 
From the data, it was found that the mean service time per run or the average driving time per run is 32.40 minutes. 
It was also found that drivers are dispatched with an average of 1.92 orders and 1°0~59 miles per dispatch. Hence it 
was assumed that it takes about 16.17 minutes of driving time per order. Hence the service rate per driver per hour is 
3.71 , 
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Orders average time Mean (minutes) Std. Deviation 

To reach Q 9.16 1.69 
In Queue 3.57 2.53 
Time Before delivery 12.73 3.31 
Driving time 16.17 4.61 
In System 28.41 6.07 

Data summary 

Note: When drivers leave the store with more than one order, we do not know when each actual delivery takes 
place. To get the mean driving time per order, we divided the actual round trip time over the number of order per 

Order arrival rate = A =51.66 orders/hour 

Mean service time= µ = 32.40 minutes per dispatch 

Or Mean service time= µ = 16.17 minutes per order Service rate =1/ µ =3. 71 

· J 51.66 
We conclude that the utilization rate ofa busy server p =-=--- = 13.91 

. µ 3.71 

dispatch (1.92). The above data were used and the following tables were calculated: 
In Table 1, a service rate of3.71 was used to determine the number of needed drivers as the system currently 
operates (1.92 order/dispatch). We concluded that 14 drivers is the minimum number needed for the system to 
operate. 

Basic and enhanced Models 
Applying the data summary listed above, the following table shows both the basic system as it currently exists with · 
16 drivers and then the number of drivers was increased to determine the impact of the number of drivers on the 
performance measures. 

m 

15 
16 
17 

20 
21 
22 

Expected orders Expected orders in Waiting times Waiting times 
in 

0.20 
0.10 
0.05 

14.11 
14.01 
13.96 

0.23 
0.12 
0.06 

16.39 
16.27 
16.21 

The table easily shows the substantial improvement to the measures of performance as the number of drivers 
increase. No substantial improvements were achieved when more than 18 drivers were scheduled (could have 
chosen also 17 drivers, however the 18th driver will eliminate 0. 7 5 order from the queue which was acceptable. 

Model evaluation: 

The actual data shows that average waiting time for an order to be serviced is 3.57 minutes when the number of 
drivers is 16. Our model shows a waiting time of 3.78 minutes when 16 drivers are scheduled 
Looking at W s waiting time in the system ( system here is defined to be the total time from the moment the order is 
placed until delivery_ to the customer), the data shows that the order, on the average, is 12.24 minutes old when 
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picked up by a driver and that it takes 16.17 minutes for a round trip, hence total time from order until delivery is an 
average of 20.32 minutes (12.24+16.17/2). Our model shows a total Ws time of 19.93 minutes for difference of 
about 5 percent (see table below) 

Orders average time Actual Data Model % Difference 
To reach Q 9.16 
In Queue 3.57 3.78 5.56 
Time Before delivery 12.73 
Driving time one way 8.09 
In System( order to delivery) 20.82 19.93 4.44 

It can be assumed that this model is valid and we can proceed to suggest scheduling a total of 18 drivers during the 
peak hour instead of 16 because that would minimize the average delivery time by about 3 minutes. This 
improvement will cost a total of $31 (6 labor hours @ $5.25 per labor hour. Other costs will not be affected) the 
addition of any drivers beyond 18 does not add any value. 
Conclusion: Schedule 18 Drivers, and pizza age upon delivery is about 17 minutes. 

Simulated Model: 
The enhanced model was simulated with 18 drivers using WinQSB software and the performance measures are 
compared to our model in the table shown below. (The simulation summary is listed in the appendix). 

' Simulation Model 
Overall system utilization . 77.35% 79.13% 
Average# of Pizzas in queue 0.7635 0.75 
Average # of Pizzas in system 14.68 14.66 
Average time spent in system (minutes) 17.06 17.03 
Average time spent in queue (minutes) 0.888 0.871 

Sensitivity Analysis: 
To determine the effect of the number of drivers on the measures of performance, sensitivity analysis was performed 
and graphed, and it clearly shows the improvements of these measures as we increase the number of drivers. 

Conclusion: 
By adding two additional drivers to a total of 18 for the study period, the delivery time was improved by an average 
of 2.5 minutes (by shortening the time in queue from 3.5 minutes to less than a minute) and drivers were able to save 
about 4.8 minutes/dispatch (1.92order/dispatch at 2.5 minutes per order) for a total round trip time of 27.6 
minutes/dispatch. It is recommended that 18 drivers be scheduled during the peak time this improvement will cost 

_ $31.00 per shift. 

· Recommended improvements: 

It is recommended that that the management develop a system -to track all the orders that were received within 4-
minutes (arbitrarily number) of each other and are still in the store, and has not been checked out by the drivers. The 
purpose of this tracking system is to automatically schedule orders and determine the shortest distances between the 
addresses and so orders with close addresses to each other to be delivered together. This tracking system can 
improve the drivers' efficiency, shorten the trip time per dispatch, and minimizes the number drivers that have to 
drive for far addresses. 

j 

References: 
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Quantitative goodness of fit tests: 
Modeling: 
Graphical tests: 
The best way to determine whether or nqt the order arrival process is Poisson is to plot and examine the data for 
patterns. Absence of a pattern generally is an indication that the process is Poisson 
Graph 1: Stationarity: Cumulative. 
Arrivals are stationary because of small deviation from the diagonal line. They vary above and below the straight 
line in a fairly random fashion 
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Graph 2: Stationarity/ Independence: Inter-arrival times 
Plotting the inter-arrival time in serial order on a (x, y) graph. 
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Looking at the ·graph above, the points are scattered randomly about the line y= x , where x is the average inter- · 
arrival time, there is no cyclic pattern. 
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Graph #3: Independence: 
Plotting Xn and Xn-1, n=2, 3, 
It is very obvious that the data can not be approximated by a straight line 

Independence 

Paired successive interarrival times. Data can not be approximated by a straight line, hence 
the arrival process possesses Independent increments. 
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that the process in not Poisson 

0-1---------,---------r---------,------~---------r--------, 
0.000 2.000 8.000 10.000 12.ilO 

373 



Proceedings of the 2004 IEMS Conference 

Number of drivers 
Wq (Average time cuah,mer spends in the queue) 

,>, 48rfi-,----+----------------------------------------'------..,,---,-.14Slt': 

2.7$01 ... ...2.:>SITT 

:.?.<1.41,\ 

2.0928 .... .......... .... .. .... .... .......................... ...... .... .. ............ .. ................ .. ...... .. · .... ........ .. ............................ ...... ......................... ......... .... ......... ... .... .. .. ........ ..... .. 2.tJ97.f> 

1 743$ ... · 

1.3951 ...... .., .3951 

· · ............................... ...... ......... .. .... · ............ .. .... · .. ...... ............ .......................... .. ......................... · · · .............. · · ..................................... · l.046"1 

li ~;•J;;·5 .. .. .............................................................................. ...... ............... ........ ........ ........ ................ ............ ............ . ........ .. ................................ .... .. ............................ · ...... ... .... (i ,;97t', 

r1;;489 ··· .... f.l.348!'.l 

14 15 16 17 18 1S 20 21 22 23 24 

Number of drivers 

W (Average tillle customer spends in the system) 

3.7572-,------4,1-----------------------------"-----------------, .. •3 7572 

3.4084 .......... ...... .. .. . .. ......... · -3.4084 

;l, !)f;!li' ... ................. ........ .. .............. .... .......... ...... . .... . ........ .. ..... ... . · .• •. · · . ... · · .. · ....... ...... ... J.()'3'37 

211m-· . ..... .. . ..... . · · · · · · · · · .. · · · ···· ... · ... ?.7109 

2.3622 - ........ .. - ........ ................................ .. .. ~ .. .......... .... ...... ..... ...... ...... ......... ........ ............ · .. ...... · .... ........ ........................ ................... .... ...................... .......... .... .. .... .......... ................ -2.3622 

2.0134 .............................................................................. ....... ........ · • · ...... .. .. • ...... ...... · ...... .... ............ .... ......................................... .......... ...... .... .... .. .... .. ............................ .... 2.0134 

1.6647 ...... .... .. .... .. .................... ............ .. ......................... .... ........................................ .... .................. .. ................... ............ . .. .... ...... ...... .... .. .. .................... .. ................ .... .... .... ..... 1.664J 

1.3159 _. .............................................. .. .. .............. ......................... .. ............. .......... .... .... .... .. .... .......... .. .... .... ...... .... ...... .. ... .................. .. .. .... ............................................................ 1.3159 

0.9672- ..... . . . · · · · · · . .. .. .. · · - .. · · .. .. .. ......... 0.9672 

06184- · · · · · ...... · · ............. ·- -- -- -0.6184 

15 16 17 18 19 20 21 22 23 24 25 

Number of drivers 

374 



Proceedings of the 2004 IEMS Conference 

In this section we detennined that Poisson model was. a plausible model for the order arrival process. The data was 
graphically and statistically tested and based on this analysis, it was found to conform to the Poison arrival process. 
Hence it was determined that there is no reason to believe that the arrival process is not Poisson. 

Statistical Tests: 
The following hypotheses were tested: 
Ht: The inter-arrival times have an exponential probability distribution 
Kolmogorov-Smimov (K-S) test was used to test whether or not the data set conforms to the theoretical probability 
distribution. I checked for the deviation between the empirical distribution function and the theoretical distribution 
function. · 
Setting F0 (x) to be the empirical probability distribution and setting Fr(x) to be the theoretical probability 
distribution. Comparing the data we found that the maximum deviation over the entire range of values; including 

x=0 ·between ~e two distribution to be 0.076D=m~x F0 (x) - Fr(x) =0.076 ~- _ 
From Table.A-4 when n>35 and D< 1.22 the hypothesis would not be rejected at the 1 % confidence level 
Conclusion: The inter-arrival times have an exponential'probability distribution 
H2: The inter-arrival times are independent 
We will use the t-test to check for independence. 

N 

L (Xn - X)(Yn -Y) 
""'"'n_=l'---------- were rx Y is the sample correlation coefficient 

(N ~l)SxSy 
The calculation was performed and it was found that rxy= - 0.123 

. . ~✓N-2 
Using equation 3 .22 for the t statistics and N= 154 we get t = ----= 1.61 

· ,Jl-rx/ 
From table A3 cumulative t distribution, t= 1.61 is less than 2.326 at the 1 % confidence level. Hence we can not 
reject H2 
Conclusion: the hypothesis the data is most likely independent 
Quick Test: 
The mean of the interarrival time was calculated to be equal to 1.212 minutes while the standard deviation was 
calculated to be 1.196 minutes. The coefficient of variation (ratio of Standard deviation to mean) is equal to 0.986 
which is nearly one. Hence there is a good reason to believe that the interarrival time is exponential. 
Parameter estimation: 

. A(T) · 154 · 
The average arrival rate A = -- for our data was equal to -- = 0. 85 5 per minute or 51.33 per hour where 

T 180 
A (T) is the total number of data points that occurred within the study period. Confidence interval for the data at 
95%= 

0.855-1.96 (0.855/✓154) ~ _!_ ~0.855+1.96 (0.855/✓154) 
,.i 

1 
0.720 ~ - ~0.99 

J 
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ANALYTICAL HIERARCHY PROCESS.IN PROJECT MANAGEMENT SOFTWARE SELECTION 

J. S. Sutterfield, Kafi Kennedy Swanson and Justin M. Simmons 
Florida A&M University 

ABSTRACT 
A very large class of problems in management and administration are known as multi-attribute decision problems. 
Such problems involve decisions that must take into account large numbers of variables and objectives that cannot 
always be directly quantified. These problems are rendered even more unwieldy to handle by the fact that the 
variables and objectives are often in conflict. One very popular approach to handling this class of problem is called 
Analytical Hierarchy Process (AHP). AHP affords a technique for structuring this class of problems so that it can be 
given a quasi-quantitative structure. This permits handling any number of variables and objectives, quantitative and 
non-quantitative, compatible and conflicting. One practical problem of the multi-attribute type is the selection of 
project management software. In this paper there is developed an approach to the use of AHP in the selection of 
project management software. 

INTRODUCTION 
Dedsion Analysis involving multiple variables and objectives that can be quantified is rather commonplace. The 
methods for solving such problems are rather well established. One simply quantifies with some measure the 
variables and objectives involved in the problem, chooses the appropriate solution methodology, obtains the 
necessary data and calculates an ariswer. However, with problems in:volving variables and objectives than cannot be 
measured, or at best can be only partly measured, the solution approach is not always so clear. This is particularly 
true when the variables and objectives involve personal preferences. The approach frequently taken with such 
problems is to simply prioritize ,the decision considerations and to try to choose a solution that maximizes the 
desired decision quantities at minimum cost. Although this may not be too difficult with a limited number of 
decision quantities, it can become very difficult when the number of such quantities is large. In addition, the 
problem becomes vastly more complex wh.en some of the decision quantities are in mutual conflict. Thus, making 
rational decisions under such circumstances may become extraordinarily difficult. 

A number of techniques are available for arriving at decisions having multi-attributes. Unfortunately, most of them 
require that the attributes be measurable. When the attributes are of a more qualitative nature, the multi-attribute 
problem becomes much more difficult to handle. Herein, lies the value and power of Analytical Hierarchy Process 
(AHP). With AHP it is possible to give a qualitative type problem a quasi-quantitative structure, and to arrive at 
decisions by testing as to whether the selections have be.en treated with rational consistency. 

In this paper, we use AHP to analyze the selection process for project management software (PMS). We approach 
this problem by treating the PMS features offered by various companies as attributes. We then have a group of PM 
professionals evaluate the various features as to their importance and desirability. From these evaluations, paired 
comparison matrices are developed. Next, a set of matrices is developed for each software provider that evaluate just 
how well each provider's software satisfies each attribute. A consistency ratio is then computed to determine how 
rigorously rational consistency has been maintained in the analysis. Ordinarily, ari AHP analysis would end here, 
but we extend our analysis by using the Student's "t" test for small sample sizes to determine a confidence interval 
within which the responses should lie. 

LITERATURE REVIEW 
AHP was originally conceived by Thomas L. Saaty as a structured method for solving problems involving decision 
variables or decision attributes, at least some of which, are qualitative; and canno} be directly measured. 1 It met with 
almostimmediate acceptance and was applied to a wide range of problems. Very soon.it began to be applied to 
executive decisions involving conflicts in stakeholder requirements.2 The real power of AHP consists in its use of 
fairly elementary mathematics to structure complex problems in which decisions involve numerous decision makers, 
and multiple decision variables. Another facet of the power of the AHP approach consists in its ability to impose a 
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q1:1asi-quantitative character on decision problems in which the decision variables are not necessarily quantitative. 
The power and versatility of ARP are demonstrated by the wide range of problems to which the approach has been 
applied. It was· used early for such problems as the justification of flexible manufacturing systems,3 and continues to 
be used in such applications. 4• 

5
• 
6 It has been used in such widely different applications as business crisis 

management7 and pavement maintenance. 8 Other interesting applications of AHP include the evaluation of 
personnel during the hiring process,9 determination of investor suitability in structuring capital investment 
partnerships, 10 apportioning public sector funds where numerous projects usually compete for limited resources, 11 

and determination of real estate underwriting factors in the underwriting industry.12 Thus, AHP is a very powerful, 
versatile and generalized approach for analyzing multi-attribute decision problems in which the decision considera
tions do not necessarily need to be directly measurable. Although AHP has been used in a very wide range of 
applications, this literature search has· not disclosed any in which it has been used for project management software 
selection. 

Since its' original statement by Saaty (1980)13 the approach in using AHP in multi-'attribute decision applications has 
been very well defined. Some few refinements and extensions.have been added, but the original work remains 
unmodified. However, one such extension is that devised by C. Muralidharan, et al, in which Saaty's test for 
consistency is supplemented by constructing a confidence interval for the responses. 14 This work discusses the 
consistency ratio (C.R.) devised by Saaty to make certain· that attribute ratings were internally coherent. Saaty 
recommended that the C. R. be no greater than 0.1. The work then points out that although all correct decisions are 
consistent, not all consistent decisions are correct. It then proceeds to employ the student's "t" distribution to 
determine a confidence interval within which responses should lie in order to be mutually consistent. The "t" 
distribution is, of course, employed because the number of participants in an AHP analysis is normally fewer than 
twenty, this being the lower limit for using the normal distribution. 

AHP METHODOLOGY 
As noted above, the procedure for using Analytical Hierarchy Process is well established. It is a tribute to Dr. Saaty 
that his original work, done nearly a quarter century ago, remains virtually unmodified. Thus, the present work will 
follow rather closely Dr. Saaty's original approach. This statement involves the following steps: 

1) A clear concise description of the decision objective. In practice, this is probably best done by a team 
of 4 to 6 people who have good knowledge of the objective to be achieved, and who have a stake in 
arriving at the best possible decision. 

2) Identi(ication of those attributes that are to be included in arriving at the desired objective defined in 
step 1. These attributes are also best identified by a team of 4-6 people and preferably the same team 
.that is used to identify the objective of the analysis. · 

3) Determination of any sub-attributes upon which an attribute might be based. 
4) Identification of a set of alternatives that are thought to achieve, at least partially, the desired 

objective. We say "at least partially" because probably no alternative will completely provide all 
desired attributes. However, the alternatives should be selected because of providing some degree of 
satisfaction to all attributes. 

5) Once the attributes are identified, they are entered into a preference matrix, and a preference or 
importance number is assigned to reflect the preference for/importance of each attribute relative to all 
others. The strength of preference/importance is indicated by assigning a preference/importance 
number according to the following rating scale: 

Preference Number for 
Attribute A over Attribute B 

9 

7 

5 

3 
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Then Attribute A is ..... 
over { or to) Attribute B · 
Absolutely more important or preferred 

Very strongly more important or preferred 

Strongly more important or preferred 

Weakly more important or preferred 

Equally important or preferred 
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Intermediate degrees of preference for attribute A over attribute B are reflected by assigning even 
numbered ratings "8", "6", "4" and "2" for one attribute over another. For example, assigning a 
preference number of "6" would indicate a preference for attribute "A" over attribute "B" between 
"Strongly more important or preferred" and "Very strongly more important or preferred." Also, the 
logical principle of inverse inference is used, in that assigning attribute "A" a preference rating of, say 
"8", over attribute "B", would indicate that attribute "B" were only "1/8" as important as attribute 
"A." Either such a preference matrix is developed by each participant in the process, or the 
participants arrive at agreement at to the preference numbers for the attributes. 

6) Mathematical operations are then used to normalize the preference matrix and to obtain for it a princi
pal or characteristic vector. 

7) Next, participants collectively rate each of the possible approaches/options for satisfying the desired 
objective(s). This is done along the same lines as shown above for attributes. The same rating scale is 
used, except here the ratings reflect how well each possible approach/option satisfies each of the 
attributes. For example, suppose that Alternatives "1" and "2" were being compared as to how well 
each satisfies Attribute "A" relative to the other. If Alternative "1" were given a preference rating of, 
say 5, relative to Alternative "2" it would mean that for Attribute "A", Alternative "1" were thought to 
satisfy it 5 times as well as Alternative "2". Or conversely, Alternative "2" were believed to satisfy 
Attribute "A" only "1/5" as well as did Alternative "l". Thus, a set of preference matrices is 
developed, one matrix for each attribute, that rates each alternative as to how well is satisfies the given 
attribute relative to all other alternatives under consideration. 

8) Again, as with the attribute preference matrices, mathematical operations are used to normalize each 
preference matrix for alternatives, and to obtain a principal or eigenvector for each. When complete, 
this provides a set of characteristic vectors comprised of one for each attribute. Each of these vectors 
reflects just how well a given alternative/option satisfies each attribute relative to other alternatives. 

9) Then with an eigenvector from "8" above, we cast these into yet another matrix, in which the number 
of rows equals the number of alternatives/options, and the number of columns equals the decision 
attributes. This matrix measures how well each alternative/option satisfies each decision attribute. 

10) Next, the matrix from "9" above is multiplied by the characteristic vector from "6" above. The result 
of this multiplication is a weighted rating for each alternative/option indicating how well it satisfies 
each attribute. That alternative/option with the greatest weighted score is generally the best choice for 
satisfying the decision attributes, and thus achieving the desired objective. 

11) Last, it is necessary to calculate a consistency ratio (C.R.) to ensure that the preference choices in the 
problem have been made with logical coherence. The procedure for calculating the C. R. may be 
found in a number of works on AHP15 and will not be repeated here. According to Saaty, if choices 
have been made consistently the C. R. should not exceed O .10. If it does, it then becomes necessary to 
refine the analysis by having the participants revise their preferences and re-computing all of the 
above. Thus, the entire process is repeated until the C. R. is equal to or less than 0.10. 

12) Having completed steps "1" thru "11", that alternative/option with the greatest weighted score is 
selected as best satisfying the decision alternatives, and thus achieving the desired objective. 

APPLICATION OF AHP METHODOLOGY 
The usual practice for developing an AHP analysis is to develop a separate set of matrices for each of the partici.: 
pants, or to have participants brainstorm until they arrive at a group decision for the required matrices. However, in 
the instant case, time and distance made the usual approach impossible. ~onsequently, the authors have done the 
next best thing and have averaged participants' ratings. The average ratings are used in the subsequent analysis, and 
the sensitivity analysis done on the averaged ratings would be analogous to reconvening the participants in order to 
refine the ratings and thus arrive at a satisfactory C. R. The results of this are shown in Figures 1 thru 7 below. The 
codes for the Software Features and Companies (alternatives/options) used in the figures immediately follow: 

Software Feature 
Multiple Networks Supported · 
Simultaneous Multiple User Access 
Full Critical Path 
Time/Cost 
Multi-project PERT Chart 
Resources Used 

Code 
A 
B 
C 
D 
E 
F 
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Company 
1 
2 
3 

Code 
A-1 
A-2 
A-3 
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ANALYSIS OF RESULTS 
As indicated above, · the attribute preference matrices for participants were averaged for each attribute, so that the 
final ratings shown in Fig. 1 are the result of an attribute by attribute average, rather than a matrix by matrix aver
age. 

Fil! 1 - Gremo Averaeed ~ttribute Preference Matrix 
t).I) t).I) 

t).I) = = t).I) 

= e e C e 0 
~ .... .... l,. ~ .... fJ1 fJ1 00 -= 00 ,. .:I. -; .:I. -e = 
0 C' 't I I 

,. 0 
.! ·a = ·; l,. ('.) 

► $ ~ .c 
< ~ i;.. ~ < . • 
~ QO ·.;.:. \0 In "" ~ N ,:.: , N ~ "" In \0 .;.:. 00 °' " 

A. 2 B. 

7 C. 
2 D. 

· 2 E. 
6 F. 

B. 5 C. 

1 D. 
1 .E. 

2 F 
C. 5 D. 

6 E. 
1 F. 

D. 2 E. 
4 F. 

E. 6 F. 

Fig.2 below show~ the normalized group preference matrix that resulted from converting the averaged values in the 
Fig. 1 chart into normalized values. The characteristic vector for this matrix is shown in the rightmost column. 

Fit! 2 - Normalized Groun Attribute Preference Matrix 

Decimal Equivalents Row 
.n.u'\'I' 

Aver-
A I B I C I D I E I F A I B I C I D I E I F Sums 

AOP .. 

A. 1.00 0.50 0.14 0.50 0.50 0.17 0.05 0.05 0.05 0.04 0.03 0.05 0.28 0.05 

B. 2.00 l.00 0.20 l.00 l.00 0.50 0.10 0.10 0.07 0.08 0.06 0.16 0.58 0.10 

C. 7.00 5.00 1.00 5.00 6.00 1.00 0.35 0.48 0.37 -0..&2 0.36 0.32 2.30 0.38 

D. 2.00 1.00 0.20 l.00 2.00 0.25 0.)0 0.10 0.07 . 0.08 0.12 0.08 0.55 0.09 

E. 2.00 l.00 0.17 0.50 1.00 0.17 0.10 0.10 0.06 0.04 0.06 0.05 0.41 0.07 

F. 6.00 2.00 1.00 4.00 6.00 1.00 0.30 0.19 0.37 0.33 0.36 0.32 .1.88 0.31 

I Column Sums = 1.00 I 1.00 I 1.00 I 1.00 I 1.00 I 1.00 1.00 

J.00 0.50 0.14 0.50 0.50 0.17 0.05 0.28 

2.00 1.00 0.20 1.00 1.00 0.50 0.10 0.58 

7.00 5.00 1.00 5.00 6.00 l.00 X 0.38 2.37 

2 .00 1.00 0.20 1.00 2.00 0.25 0.09 0.57 

2.00 l.00 0.17 0.50 1.00 0.17 0.07 0.42 

6.00 2.00 1.00 4.00 6.00 1.00 0.31 1.95 

I D 1. = 16.11 6.08 6.19 6.20 6.09 6.21 

Lambda M.ax = 6.15 C.l. = 0.03 C.R.= 0.05 
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As can be seen in the last row of Fig. 2, the C.R. for these averaged attributes is 0.05, a value well within that 
prescribed by Saaty for logical coherence. This result is very interesting because only one of the participants 
achieved a C.R. ofless than 0.10, this being a C.R. of0.09. The other four had C. Rs ranging from 0.14 to 0.20. 
This means that the group as a whole was more consistent in rating the attributes than was each individual. Since 
the averaged ratings resulted in a C. R. ofless than 0.10, it was unnecessary at this point to perform sensitivity 
analysis on the averaged attribute ratings. However, had sensitivity analysis been necessary, each individual rating 
would have been adjusted slightly upward and downward until a C. R. of equal to or less than 0.10 were obtained. 
Since only one of the participants had a C.R. less than 0.10, the averaging process was analogous to calling the 
participants into caucus and having them arrive at mutually agreeable ratings for all attributes. The conclusion to be 
drawn from this is that a group of individuals will frequently make more rational choices than will a single 
individual. As a practical matter, it would seem to be more expeditious to first obtain the individual attribute 
preference matrices, average them and then call participants together to negotiate more consistent ratings. 
Alternatively, each individual would have to revise his individual results and have a new C. R computed. This 
process would then have to be continued until all participants had individually arrived at C. Rs of equal to or less 
than 0.10. The former approach of averaging and caucusing employs a Delphi approach to decision making, which 
has been shown usually to lead to better decisions than wheri they are made in isolation. 

Ordinarily, selection of the options/alternatives (in our case software providers) for satisfying the above attributes 
would also be made by the primary participants. Each participant would rate each option/alternative as to how well 
it satisfied each attribute. However, in the present case this part was done by the two graduate students who co
authored this paper. Their ratings, as with the attribute preference ratings, were then cast into matrices and C. R.s 
were calculated for each software provider. The-final results for this ar_e shown. In Figs. 3 thru 8. 

1.00 

2.00 

0.25 

1.00 

1.00 

0.25 

Fie: 3 -Multiole Networks Suooorted 

Decimal EquiYaJents Row Row 
p r Q I R p I Q I R Sums Averages 

A-1 1.00 0 .50 4.00 0 .31 0.30 0.33 0.95 0.315 

A-2 2.00 1.00 7.00 0 .62 0.61 0.58 1.81 0.602 

A-3 0.25 0.14 1.00 0.08 0.09 0.08 0.25 0.082 

Column Totals = 1.00 I 1.00 I 1.00 1.000 

0.50 4.00 0.32 

I 
0.95 

1.00 7.00 X 0.60 1.81 D 

0.14 1.00 0.08 0.25 

Lambda Max = 3.00 C.I. = 0.001 C.R.= 0.002 

1g. - ~ J,"' 4 Simultaneous Multiule User Access 

lledmal Equivalents 

p I Q I R p I Q I R 

A-1 1 1 4 0.44 0.46 0.36 

A-2 1 1 6 0.44 0.46 0.55 

A-3 0.25 0.167 1 0.11 0.08 0.09 

Column Totals - 1.00 1.00 1.00 

1.00 

1.00 

0.17 

4.00 I 
6.00 X 

1.00 

Lambda Ma:x = 3.02 

I 

0.42 ,

1 

I 1.28 
0.48 J.46 

0.09 0.28 

C.J. = 0.009 

380 

Row Row 
Sums AYerages 

1..27 0.423 

1.45 0.484 

0.28 0.093 

1..000 

j 

D 

C.R.= 0.02 

I 3.oo 3.00 3.oo I 

. I 3.02 3.03 3.01 I 
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Fia 5 - Full Critical Path 1:11' 

Decimal Equivalents Row Row 
p I Q I R p Q R Sums Averages 

A-1 1 9 9 0.818 0.750 0.857 2.425 0.808 

A-2 0.11 1 0.5 0.091 0.083 0.048 0.222 0.074 

A-3 0.11 2 1 0.091 0.167 0.095 0.353 0.118 

Column Totals= 1.000 l..000 1.000 1.000 

1 9 9 0.808 

0.11 1 0.5 X 0.074 

2.532 

0.223 

0.355 
·I n I 3.13 3.01 3.02 I 

0.11 2. 1 0.118 

Lambda Max = 3.05 C.I. = 0.027 C.R.= 0.05 

Fi!! 6 - Time/Cost Trade-off 

Decimal Equivalents 
p I Q I R p I Q I R 

A-1 1 0.5 0.33 0.17 0.14 0.18 

A-2 2 l 0.5 0~33 0.29 0.27 

A-3 3 2 1 0.50 0.57 0.55 

Column Totals= 1.000 I 1.000 I 1.000 

1 0.50 0.331 0.164 

I 
0.492 

2 1 o.:o X 0.297 0.894 

3 2 0.539 1.625. 

Lambda Max= 3.01 C.I. = 0.005 

Fi!! 7 - Multi-oroiect PERT Chart · 

Decimal Equivalents 
p I Q I R p I Q I R 

A-1 1 1 2 0.400 0.400 0.400 

A-2 1 1 2 0.400 0.400 0.400 
A-3 0.5 0.5 · 1 0.200 0.200 0.200 

.. · Column Totals= 1.000 I 1.000 I 1.000 

2 

1 2 X 

0.50 0.50 1 

0.40 

0.40 

0.20 

1.20 

1.20 

0.60 

Lambda Max = 3.00 C.l. = 0.000 
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Row 
Sums Row Averages 

0.491 0.164 

0.892 0.297 

1.617 0.539 

1.000 

D I 3.oo 3.01 3.01 I 

C.R.= 0.008 

Row 
Row Averages 

Sums 

1.200 0.400 

1.200 0.400 
0.600 0.200 

l.000 

D I 3.oo 3.oo 3.oo I 

C.R.= 0.000 
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Fie:. 8 - Resources Used 

Decim_al Equivalents Row 
p I Q I R p I Q I R Sums Row Averages 

A-1 1 0.14 0.2 0.077 0.097 0.048 0.221 0.074 
A-2 7 1 3 0.538 0.677 0.714 1.930 0.643 
A-3 5 0.33 1 0.385 0.226 0.238 0.849 0.283 

Column Totals= 1.000 I 1.000 I 1.000 1.00 

0.14 0.20 0.074 0.222 
7 1 3 X 0.643 2.008 D I 3.01 3.12 3.06 I 
5 0.33 0.283 0.866 

Lambda Max = 3.07 C.I. = 0.033 C.R.= 0.056 

The results from this part of the process, as can be seen, turned out quite well. Only the C. R. for the third attribute, 
"Full Critical Path," turned out to have a C.R. greater than 0.10. This C.R. was originally 0.54, a value well above 
the allowable. Sensi~ivity analysis was performed·on this matrix until the present C. R. of 0.05 was· obtained. The 
remainder of the C. R.s were well below 0.10, as can be seen. Remarkably, the C.R. for "Multi-project PERT 
Chart" turned out to be 0.000, indicating perfect consistency in the choices. An interesting problem arose for the 
"Full Critical Path" attribute in that neither Company 2 nor 3 offered this feature. It would be expected that a 
company would receive a rating of "0" for failure to provide a feature. However, this would have resulted in 
Company 1 being infinitely preferred over Companies 2 and 3. This woul4 have been inconsistent with the rating 
scale, which only ranges from "l" to "9". To .address this problem, a preference rating of"9" was assigned for 
Company 1 over Companies 2 and 3. This resulted in ratings of 1/9 or 0.11 being assigned as to the preference for 
Companies 2 and 3 over Company 1. Thus, the final values for these ratings turned out near "0", though not exactly 
"O". 

Once all matrices were assured to have a C.R. of equal to or less than 0.10, their values were cast into a final matrix 
as shown in Fig. 9 below. 

Fi2:. 9 - Wei2:hted Alternative Evaluations 

A B C D E F Weighted Alternative 
0.05 0.10 0.38 0.09 0.07 0.31 Evaluations 

A-1 0.32 0.42 0.81 0.16 0.40 0.07 0.43 

A-2 0.60 0.48 0.07 0.30 0.40 0.64 0.36 

A-3 0.08 0.09 0.12 0.54 0.20 0.28 0.21 

I Total= 1.00 

In this matrix, the top row of six numbers,will be seen to be the principal or characteristic vector from the attribute 
preference matrix. Each of the six columns of three numbers under this top row will be seen to be the principal 
vectors for Companies 1, 2 and 3 as obtained from the analysis described in the immediately preceding paragraph. 
The rightmost column titled "Weighted Alternative Evaluations" contains the results of this analysis. It will be seen 
that Company 1 best satisfies the original attributes in that it has a rating of 0.43. Companies 2 and 3 follow in 
order, with ratings of 0.36 and 0.21, respectively. These ratings are quite stable. Sensitivity analysis was done on 
these results by varying the ratings in the original attribute preference matrix. However, these results remained 
virtually unchanged. Company 1 would then be selected as best satisfying the desired attributes. 

382 



Proceedings of the 2004 IEMS Conference 

In order to test for the consistency of the participant attribute preferences, the C. R.s were subjected to a Student's 
"t" test· to obtain a confidence interval for the C. R.s. The "t" test is used for applications. in which the sample size is 
smaller than about twenty, the samples reasonably can be assumed to be normally distributed and the distribution of 
the sample standard deviation is independent of the distribution of the sample values. Having made these assump
tions, we obtained the following results: 

PM 
1 
2 
,3 

. 4 
5 

C.R. 
0.14 

. 0.15 
0.14 
0.20 
0.09 

y-bar=0.15 

sample standard deviation= 0.04 

Next we performed the "t" test with four degrees of freedom and a confidence interval of 90%. We found that all of 
our values should lie within a range from 0.09 to 0.21. As can be seen from the above responses, all do indeed lie 
within the confidence interval as obtained from the "t" test. Thus, the responses of all PMs were found be highly 
consistent both from the standpoint of the C. R. obtained from the averaged attribute responses, and the confidence 
interval obtained from the "t" distribution. 

CONCLUSIONS 
The thesis of this paper has been that Analytical Hierarchy Process offers a very powerful and flexible approach to 
decision situations in which the decision variables are not necessarily quantifiable. Although it was not possible to 
quantify any of the attributes in the above example~ it was, nonetheless possible to rationally express preferences for 
one above the other. We say rationally because a decision maker can always express a preference for one attribute 
over another once a definite objective is established. In this case one preference is more desirable than another in so 
far as it better satisfies or achieves the objective(s), or vice versa. We have shown in the above that even though 
none of the C. R.s for a group of respondents may satisfy the 0.1 criterion specified by Saaty, that this obstacle may 
be overcome by averagi'ng the responses for each attribute. We have demonstrated how to handle the problem in 
which a given provider does not offer one or more of the desired attributes/features. We have also shown through 
sensitivity analysis that once the C. R.s for all matrices have be~n brought to values equal to or less than 0.10 using 
sensitivity analysis, that the results are remarkably stable. They are relatively insensitive to fairly large changes in 
the original attribute preferences. We tested the consistency of the responses using the Student's "t" distribution and 
found that they can be placed within a 90% confidence interval, which indicates a very good degree of consistency 
among PM respondents. Finally, in using AHP in the problem of software selection, we have demonstrated that the 
· great flexibility of the process permits its application to a very wide range of problems. 
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. SOME LOWER BOUNDS ON THE MIXED MODEL LEVEL SCHEDULING PROBLEMS 

Mesut Yavuz, Istanbul Technical University 
Suleyman Tufekci, University of Florida 

ABSTRACT 
In order to meet the customer demands for a variety of products in an efficient way, many companies use mixed
model production systems running under the Just-in-Time philosophy. S:uch systems require demand be stable and 
production sequence be leveled, i.e. appearance.s of products in the schedule are dispersed over the horizon as 
uniformly as possible. The problem of finding such schedules is called the level scheduling problem. The level 
scheduling problem was originally defined for mixed-model assembly lines and has been studied in two different 
vers.ions, namely the single-level and multi-level problems. The single-level problem aims to minimize the deviation 
from the level schedule only in end products level, while the multi-level problem aims to minimize the same 
deviation measured at different levels such as products, sub-assemblies, ·components and raw materials. We re
formulate the problem such that it is applicable in a wide range of manufacturing environments, where products are 
manufactured in batches, in contrast to the ideal one-piece-flow of the assembly lines. Thus, the newly defined 
versions of the problem incorporate batch sizes as decision variables in the mathematical model. In this paper, we 
address one single-level and two multi-level versions of the problem with batch sizes. Multi-level schedule problem 
is known to be NP-hard and no polynomial algorithm can be found. Many researchers proposed heuristic algorithms 
to solve the mixed-model assembly line version of the problem. Since the mixed-model assembly line problem is a 
special case of the batch level ·scheduling problem with unit batch sizes, the batch level scheduling problems being 
studied are also NP-hard. Therefore, establishing tight lower bounds on the objective functions of these batch level 
scheduling problems becomes very important in designing and testing good heuristic procedures. In this paper, we 

. develop tight lower bounds on the objective functions of the single-level and multi-level scheduling problems with 
batch sizes. 

INTRODUCTION 
Many companies use mixed-model production systems which allow them to meet customer demands for a variety of 
products in an efficient way. However, these low-volume high-mix (L VHM) type systems have their own 
difficulties. Adapting the traditional batch production strategy would lead to problems related to high inventory 
levels. For multi-level production systems, coordination problems between the subsequent levels are likely to occur, 
as well. Therefore, many companies prefer to employ pull systems on the shop floor. 

A multi-level pull type production system is controlled by scheduling the final level only. The production schedule 
of the · final level determines the demand for its upstream operations, which eventually spreads to the entire 
production system. 

In order to facilitate viability of the system, products should be dispersed over the schedule, as uniformly as 
possible. In other terms, the final schedule should be "leveled". The concept of the ideal schedule is depicted in 
Figure 1. The straight line between the origin and the end point (the end of the schedule) demonstrates the ideal 
schedule for a certain part/product. Since fractions of products can not be produced at any time, the ideal schedule is 

· not feasible, unless there is only one product in the system. Therefore, any feasible schedulefor the mixed-model 
production facility will form a step function and there will be a gap between the ideal and actual schedules. The aim 
of level scheduling is to minimize this gap. 

The difficulty in finding a level schedule has caught a lot of academic interest in the last two decades. Miltenburg's 
paper [21] can be seen as the seminal paper in the area. Miltenburg developed an integer non-linear programming 
problem which uses an objective function measuring the squared deviation between the actual and ideal schedules, 
for each product. In this paper, the author assumes that all the products require approximately the same number and 
mix of parts, which allows him to consider only the variation at the product level. 
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This version of the problem is known as the single-level HT-sequencing problem or the product rate variation (PRV) 
problem. However, in practice, different products may have differing part requirements at sub-levels. In such a case, 
leveling the product level only is not sufficient and the scheduling decision should consider the sub-levels as well. 
Monden describes Toyota;s practice in [25], which totally ignores the end products level and focuses on the parts 
level only. Monden's formulation is also based on measuring the squared deviation between the ideal and actual 
schedules. Miltenburg and .Sinnamon [22] generalized the problem to include 4 levels of products, sub-assemblies, 
components and raw materials. However, they chose a different objective function which measures the sum of 
squared deviations from the ideal usage rates, where the ideal usage rates are calculated based on the total 
production amounts at the sub-levels. Kubiak [11] called the multi-level problem as the Output Rate Variation 
(ORV) problem and showed that, in case of using a square function to measure the deviation, the problem is NP-
hard. Clearly, thi_s result applies to both versions of the multi-level problem. · 

In addition to these defining papers, many researchers have contributed to the area by developing exact algorithms 
[2, 12, 24], proposing heuristic solution methods [3, 5, 7, 23] or tailoring some well-known meta-heuristic 
techniques [13, 14, 15, 16, 17, 18, 19]. Some researchers have combined the problem with the Load-Smoothing 
Problem [10, 20] or the Car Sequencing Problem [6], so that not only product rate variation but also utilization of 
stations/machines is leveled. Deviating from measuring the deviation from some ideal usage goals, some researchers 
have formulated the problem based on deviations from the ideal positions [8,9]. Another version of the problem 
adapts a min-max approach instead of the min-sum approach [26]. The problem also has been studied with product. 
weights [ 4]. 

Having numerous variants and a broad area of applicability, the level scheduling problem has drawn a lot of 
interest and become an important part of the JIT literature. Providing tight lower bounds to different versions of the 
problem has also drawn interest. Aigbedo [1] developed a lower bound for the single-level problem, and Bautista, 
et.al. [2] developed lower bounds for the Monden problem, which considers the second level only. In this paper, we 
aim to extend Aigbedo's study to the batch version of the problem, combine the two aforementioned approaches to 
develop a lower bound for the multi-level version and extend this result to the multi-level problem with batch sizes, 
as well. Incorporation ofb~tch sizes is related to the need of extending current literature to a broader area. With this 
extension, the level scheduling problem is defined for batch manufacturing ~nvironments. Also, these batch sizes 
can be treated as product weights: 

The rest of the paper is organized as follows. Section 2 presents the notation and a lower bound for the single-level 
model. In section 3, the single level model is extended to a batch production case. Sections 4 and 5 are devoted to 
multi-level models, plain and with batch sizes, respectively. Finally, section 6 presents conclusions and points at 

· future research ·directions. 
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PLAIN SINGLE-LEVEL MODEL 
We start with the simplest version of the problem, the single-level problem without batch sizes. Before getting into 
the details, we provide the notation that will be used in the remainder of the paper. 
Symbol _M_e_an_i_n..:.g _______________________________ _ 

J Number of levels, index j ( the first level is the end products level) 
nj Number ofoutputs at levelj,j=l,2,.·.,J; indices i and u. 
b; Batch size of product i 
q; Number of batches of product i to be produced during the planning horizon, i=1,2, ... ,n1 

Q Total number of batches of the products, i.e. length of the sequence. Positions (stages) of the sequence 
are indexed with k. · 

D uj Demand for output vat levelj; j= 1,2, .. ,J, v = 1,2, .. ,nj. 
luj,i Number ·of units of output vat level} used to produce one unit of product i; }=2,3, .. ,J, v =1,2, .. ,nj, • • 

i=l,2, .. ,n1. 

1j,; Total number of outputs at level} used to produce one·batch of product i. 
Dj Total demand for production at levelj,}=1,2, .. ,J 
Ruj Ratio ofleveljproduction devoted to output v;J:::;2,3, .. ,J, v=l,2, .. ,ni 
X;,1.k Number of batches of product i produced during stages 1,2, .. ,k; i ~l,2, .. ,n1, k=I,2, .. ,Q 

· Xuj,k . Number of units of output vat levelj produced during stages 1,2, .. ,k; }=2,3, .. ,J, v =1~2, .. ,nj, k=I,2, .. ,Q 
}{_j,k Total prodµction at level} during stages 1,2, .. ,k; }=1,2, .. ,J, k=I,2, .. ,Q 
wj Weight associated with levelj,}=1,2, .. ,J 

Here, we should note that, the sequencing problem should be solved on the product level. No matter which levels are 
used in measuring the quality of the sequence, the solution to the problem is always a sequence of the end products. 
Therefore, some of the expressions belonging to the sub-levels (;> 1) are functions of the expressions of the product 
level (j= l). There are also some other expressions, such as total demand at a certain level, which are .functions of 
some others. These dependent expressions are:· · 

di.l = b!J; ruj= du/Di 
n, n, 

d . = ""' t . . d. 1 U,J L.J U,J,I I, X , k = ""'b-t · ·X · l k U,J, L.J I U,J,I I, , 

i=l i=l 

nj nj . 

D - =""'d. J L.J U,J X.k=""'X 'k J, L.J U,J, 
U=l U=l 

nj 

T-. = '°'b-t .. J,1 L.J I U,J,I 

U=l 

Using the notation defined above, we can advance to defining the base problem, the single-level problem. The 
mathematical formulation, as suggested by Miltenburg [21], is: · · 

Minimize 
Q n

1 
( )2 zl = LL xi,l,k-kqi 

k=l i~ Q 
. S.T. 

n, 
""'x- 1 k = k for all k L.J ,, ' ' 
i=l 

0 ~ x;, u- x;, 1,k-1 ~ 1, for all k 
Xt.l.k nonnegative integer, for all i, k 

Note that in this basic model, batch sizes are assumed to be one. This property emerges from the fact that 
_Miltenburg's study was on assembly lines where the ideal one-piece-flow is maintained. 
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The constraints basically assure that each copy of each product is assigned to exactly one stage in the sequence. 
These constraints also apply to the other versions of the problem without a .need to define additional constraints, thus 
the constraint set will not be repeated in the following models. 

Exploring the structural properties of the formulation, Aigbedo [1] suggested to interchange the summation signs in 
the objective function (1), so that the function can be decomposed into n parts, each part denoting the contribution of 
a certain product. Under this decomposition, each product's contribution to the overall objective is a function of the 
positions occupied by that particular product. Relaxing the constraints that assure one and only one product is 
assigned to each position, an optimal assignment can be found for each product. Further, focusing on the I-product 
assignment problem, Aigbedo formulated ideal positions for each copy of each product. Then, relaxing the 
integrality of these ideal positions, a lower bound for the contribution of a particular product is found. Summing up 
the variations caused by these ideal assignments, a lower bound for the overall objective function is found. This 
approached led Aigbedo to find the following lower bound for the problem: 

n1 Q2 2 
pl = L --=!1L 

. i=l 12Q . 
(2) 

SINGLE-LEVEL MODEL WITH BATCH SIZES 
The seminal papers in the field are all based on synchronized assembly lines, where each product is processed at 
every station/machine in exactly 1 unit of time. Unfortunately this case does not reflect the majority of the real-life 
manufacturing systems. Here, we are interested in a more general type of a system, where the practitioner defines a 
fix-length time interval such that a batch of a certain product is processed within this time interval. Possible setup 
time requirements are also handled within this interval and it is treated as the standard time unit. The deviation is 
measured for each product and each position in the sequence: 

Q n1 ( b )2 Q n1 ( )2 
· Z

2 = LL bixi,I,k -k....flj_ = LLb? xi,I,k -k!JJ.. 
k=l i=l Q k=l i=l Q 

(3) 

If only a single batch of a given product is scheduled, we will denote the contribution of this product to the overall 

objective function by Zi1q; =I](s), wheres is the stage where this product is assigned. Then, this contribution can be 

calculated as: 

= bi: [f k2 + f (Q~kf] 
Q k=l k=s 

= ci: [tk' -t,2Qk+ t,Q'] 

= ci: [ Q(Q+ 1~(2Q +I)_ 2Q( Q(~+ I) (s ~ l)s) + (Q-s + l)Q'] 

= ~ [ (Q-!)~2Q-l) +(s-l)(s-Q)] (4) 

Now we extend this result to the general case, where q; ~ 1. The contributi~n is denoted by Zi1q;](s), wheres is a 

vector indicating stages associated ,with each copy of the product. ; 
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=b;2[I f ((r-1)2-2(r-~)q;k+(q;J\2J+ t[q~-2q~ k+(q;J\2J] 
r=l k=s Q Q k=s Q Q 

r-1 q/ 

=b;'H (Q-l~~Q-1) ]+ ~t(s, -1)(q1s, -(2r-l)Q)] 

Now, in order to derive a lower bound to the overall objective function one might want to find ideal positions for 
each copy of the product. From equation ( 5) we can say: 

a 2z2 { 2q-b~ } i[q ] - 1
-

1
- if U = V ___ I = Q' 

8su8sv O I 
, 0 W 

This property is a direct result of the fact that equation (5) contains no cross..:product terms. And leads us to claim 

that the Hessian Matrix of Z;7q;](s)" is positive definite; and Z;7q;](s) is strictly convex. So, using the first 

derivatives, we can find ideal positions for each copy of the product. If we denote the ideal position for rth copy 
withsr*,then: · 

8Zi[q;] -b2[2 -((2 -l)Q )LO • - (2r -l)Q + q; - . q-s r +q. 'J- ⇒ s --------'-as r I I r I . r 2q j 

Plugging ( 6) into ( 5), we obtain a lower bound for the deviation caused by a certain product: 

Q2 2 
p2 -b2 -q, 

i[qi] - i 12Q 

(5) 

(6) 

(7) 

Equation (7) gives us the least possible contribution of product i to the overall objective function (3). Summing these 
contributions over the products will give us a lower bound for the objective function. If we denote this lower bound 
withF2, then: 

t !
n b~{Q2 -q2) p2 _ p2 _ I~ ; 

- i[q;] - 12Q 
i=I i=l 

(8) 

PLAIN MULTI-LEVEL MODELS 
The multi-level version of the level scheduling problem is rather complicated, the objective function measures the 
deviations occurring in every level. In the literature two different models, based on two different definitions of the 
objective function, can be found. The first one is a direct extension of the single-level objective (1). The idea in this 
function is to measure the squared deviation from the ideal schedule, where an ideal schedule is built for every part 
at every level under consideration. Being a generalized form ofMonden's [25] objective function, it can be 
formulated as: 

z3 = ~~~ w-(x . ic-k du,JJ2 LJL..JLJ J u,1, D 
k=I J=I u=I . I 

The second approach belongs to Miltenburg and Sinnamon [22]. They interpreted the extension from the single
level model in a different way and defined the following objective function: · 

(9) 

Di J nl 

Z
4 = ILL wAxu,j,k -xj,kru) (10) 

k=I J=I u=I 

Miltenburg. and Sinnainon claiined that the division of 'responsibility' between levels is more clearly defined in z+. 
However, in some extreme cases which are not acceptable in terms of JIT goals, the objective function can show 
very low or even zero variation. An example for such cases is described below: 

Consider a 2-level manufacturing system with 4 end products (A, B, C and D) and 2 parts (a and p). Let the demand 
be 100 units for each product, which means the sequencing problem has 400 stages. Furthermore, assume that to 
produce 1 unit of these products, 1, 3, 5, 6 and 2, 6, 10, 12 units of sub-assembly parts a and pare required, 
respectively. It's clearly seen that demand ratio for sub-assembly a is 1/3 and for p it is 2/3, and each product's sub
assembly requirements.are in line with these ratios. As a consequence, the total number of parts a (P) produced so 
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far is always equal to the total number of parts produced so far multiplied by the demand ratio 1/3 (2/3). In other 
words, any sequence will result in 0 variation in the objective function Z. However, the sequence of 100 As, 
followed by 100 Bs, 100 Cs and 100 Ds will create a highly fluctuating demand pattern at the sub-assembly level. 
The IlT system may not be efficiently maintained in such a fluctuating case and this sequence is not a good result 
for a production smoothing model. · 

Although this result shows that Z3 can be chosen over z+, we will keep both functions for further analysis, as the two 
major alternative objective functions of the multi-level version of the level scheduling problem. 

A Lower Bound for Monden 's Function 
Unless all the products require same amount of a given part at a given level, there will be a gap between the ideal 
and actual consumptions of the part at some positions of the sequence, and the total deviation can not be 0. The 
deviation may equal 0 at many positions, but the total deviation measured in two consecutive positions is a function 
of the requirement of the product assigned to the latter position. Let Z3

( v,j,k) denote the deviation measured for part 
v of level j at kth position. Then, if product l(k) is assigned to the kth position, the total deviation of the last two 
positions is: 

Z
3
(v,j,k-l)+Z'(v,j,k) =(xu,J,k-1 -(k-1) d;;: J +( xu,J,k -k d;;,J J 

A 2 B . 2 

( 
. du,j ) (~) =2 Xu,j,k-i -(k-l)Di + tu,j,l(k)-Di 

+ 'xu,J,k-1 -(k - I) d;;: }u,J,l(k) - d;;,J) 
= 2A2 + B2 + 2AB 

This function is convex in A and B, and takes its minimum value at A= -B/2. Ifwe denote this minimum 
variation with P( v,j,k,l(k)), then we can conclude that: 

[ 

d . ]

2 

t -~ 

(
B)2 u,j,l(k) D 

Z 3(v,J,k-l) + Z 3(v,J,k) ?. 2 2 = 2 
2 

1 = 2F\v,j,k,l(k)) 

and 

Q [ 1· Q 2z3(v,J) = L Z 3(v,J,k-1) + z\v,J,k) ?. 2 LF\v,J,k,l(k)) = 2F\v,J) 
k=l k=l 

The overall summation of these minimal variations (P(v,j)) gives us a lower bound for the deviation measured for 
part v of level}: 

[

. d . ]
2 

t -~ 2 
Q n u,j,i D n d- d . 

F\v,j) = L-F\v,j,k,l(k)) = !d;,1 2 1 
= ! f(tu,j,i - ;;1) 

k=l i=l i=l 1 

(11) 

Since the overall objective function (Z3
) is nothing but the weighted sum oftheflocal variations and we have already 

found lower bounds for these local variations, the weighted sum of these lower bounds (P) is a lower bound for Z3
: 

J ~ J ~ 

Z3 ~ LL wjZ\v,J) = w1Z
1 

+ LL wjZ\v,J) 
j=l u j=2 u 

J ~ J ~ 

F3 = LL wjF3(v~.j) = w1F
1 

+ LL wjF\v,j) 
j=l u . j=2 u 
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n1 [ 2 _ 2 d- J n J ( d . ]
2

] W Q qi + 1,I W t U,J 
= i 112Q 4 iL j u,j,i-1) 

l=l J=2 u I 

(12) 

A Lower Bound for Miltenburg and Sinnamon's Function 
The key difference in the function suggested by Miltenburg and Sinnamon is that it puts emphasis on maintaining a 
uniform ratio of a part's appearance in the total production of that level. As shown in the example above, depending 
on its part requirements, a product may contribute to the objective function with 0. To get into further details of this 
fact we re-formulate the objective function: 

, D1 J n1 

=Zt+ LLLw1Z\v,j,k) 

where Z'( VJ,k) ; ~ ~ :•llk:•Z V•~ r. ~ X 1 kT · · J
2 

~ it ,., V,J,< V,J it ,., J.' 

Similar to what we have done in the previous subs~ction, we will analyze the total variation occurring in two 
consecutive stages, as a function of the product assigned to the latter stage (/(k)). 

( 

n
1 

n
1 J

2 

( n
1 

n
1 J

2 

z4(vJ,k-1) + z4(v,j,k} = ~xi,l,k-ltu,j,i - ru,j ~xi,l,k-lrj,i + ~xi,l,ktu,j,i - ru,j~xi,l,krj,i 

( 

n1 n
1 J · f! 2 

= 2 X· t .. - r. . X· r. . + t . - r. .r. ~ ,,l,k-1 v,J,< V,J ~ ,,1,k-1 ],' t V,J,l(k) V,J J,/(k)) 

+ 2( t X;,l,k-llv,j,i ~ rv,j t X;,1,k-\Tj,l }v,j ,l(k) - rv,jTj,l(k)) 

=2A2 +B2 +'1AB 
This quadratic function is convex in A and B and takes its minimum value at A = -B/2: 

Z'( vJ,k-1) + Z'( vJ,k) ~ 2( % J ; { 1"•1 J(k) -;v,jTjN) J ; 2F4 
( v, j ,k,/( k )) 

Here we see that, a product l(k) with tvj.l(k) - r vj½. l(k) = 0 may contribute to the objective with O variation. We derive 
. the total variation measured for a given part at a given level (z4(v,j)) by summing up the local variations calculated 
for each stage of the sequence: 

~ 4 ~ ( t .. - ; .r. · ]
2 

2z4(v,j) = LJZ4(v,j,k-1) + Z (v,j,k)'?:. 2F4(v,j,k,l). = 2 L.Jdi,l u,J,' u,J 1•
1 

k~ · ~I 2 

Again, we can re-construct the overall objective function by taking the weighted sum over levels and parts. Clearly, 
an overall lower bound may be calculated in the same way: · 

J ~ J ~ . 

z4 = LL w1Z4(v,j) = w1Z
1 

+ LL wJZ
4
(v,j) 

j=I -u j=2 u 

J ~ . J ~ 
F4 = LL w1F4(v,j) = w1F

1 +LL w1F4(v,j) 
j=I u j=2 u 
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= W---+- W • t .. -r, .T .. In! [ Q2 -qi d;,i LJ Lnj ~ r] 
i=l 1 12Q 4 j=2 U ] U,J,1 U,J J,I . 

(13) 

MULTI-LEVEL MODELS WITH BATCH SIZES 
This section is strongly related to the previous two sections. Again, we work on two different objective functions. 
For sake of simplicity, we start with formulating these objective functions in two parts, where the first part is a based 
on the objective function defined in section 3: 

z' = "lz2 +ti t wl(xu,j,k - k d;j )2 
k=l j=2 u=i . i 

. D1 J n1 

z6 =wiz2 + LLLwixu,j,k -xj,kru,jf 
k=i j=2 u=i 

A Lower Bound for Monden's Function 

(14) 

(15) 

Using the same idea as the previous section, we let Z5
( u,j,k) denote the deviation measured for part u of level} at kth 

position. Then, if product l(k) is assigned to the kth position, the total deviation of the last two positions is: 

Z5
(v,j,k-l)+Z

5
(v,j,k) =(xu,J,k-1 -(k-1) d;: J +(xu,J,k -k d;: )' 

A B 

= 2(x . k-i -(k -1) d°iJ,j) + (b/(k/ . ;(k) - du,j) 
U,J, Di U,J, Di 

( 
· du j )( · du j) 

+ 2 Xu,J,k-1 - (k -1) Di bl(k/u,J,l(k) --n:--
= 2A2 + B2 ·+ 2AB 

Once again we see that the function obtained is convex in A and B, and takes its minimurri value at A = -B/2. 
Following the same logic as of section 4.1., we find (.P(u,j)): 

n b;tuji --- ( )2 
[ 

du,j ]

2 

F5(v,j) =·!. d;,t •• 
2 

IJi = i: d;,i b-t · · - du,/ 
1=1 i=l 4 I U,J,1 Di 

In a similar manner, the weighted sum of these local lower bounds (.P) is a lower bound for Z5
: 

. J nl 

zs =w1Z2+ LLw1Z\u,J) 
}=2 U 

J n1 

F5 =w1F
2 +LLw1F5(u,j) 

,}=2 U 

n1 [ b2 ( 2 _ 2) d. J n J ( . d . )2] 
= ~ w ; Q q; +__!d_ ~ ~ w. b-t . . _-.!l.!L 4--' i 12Q 4 4--'~ J I U,J,I D 

1=1 J=2 U 1 

A Lower Bound for Miltenburg and Sinnamon's Function 
Recall that the objective function in this case is: 

D1 J ni 

Z =Z
2

+ LLLw1z6(v,j,k) 
k=l }=2 u=l 
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where Z'(vJ· k) = (x . k -X. kr. .\2 = ~ x- 1 kb.t • • -r. •"" x-1 kT.. 
( 

n
1 

n
1 

]

2 

1 
' V,J, . ), V,J} f::t I,, I V,J,l V,J -tt I, , ) ,I 

Analyzing the total variation occurring in two consecutive stages as a function of the product assigned to tlie latter 
stage (l(k)), we get: 

( 

n
1 

. n
1 

] 

2 

( n
1 

n
1 

] 

2 

Z'(v,j,k~l) + Z(u,j,k) = ~xi,l,k-lbitv,j,i -rv,j ~xi,1,k-lTj,i + ~xi,l,kbitv,j ,i -ru,j ~xi,l,kTj,i 

A 2 

~ { t x,,,,k-lb;lu,;,, - 'u,j t x,,,,k-lTj,i )b,c•ilo,j,l(k) - 'u,jTj,l(kil 

= 2A2 ·+ B2 + 2AB \ - . . 

This quadratic function is convex in A and B and ta1'es its minimum value at A = -B/2. Repeating the steps given in 
section 4.2., we obtain (P'( v,j)): i 

~ (b-t . . -r. .T. •)
2 

F'( vJ) = ~ d;,1 ' v,;,, 2 ~,J ;,1 

l=l 

After finding these local lower bounds, constructing an overall lower bound is straightforward: 
J ~ J ~ 

Z' = II wjZ6(v,j) = w1Z
2 + II wiZ6(v,J) 

j=l V j=2 u 

J ~ J ~ 

P' = LiwjF6 (v,j)=w1F
2 + IIwiF

6
(v,j) 

j=l u j=2 V 

Inl [ b;(Q2 -q;) d;,1 IJ In} ~ r] = w1 ......;....---'--_....;._+- w-b-t . . -r. ,T .. 
i=l . . 12Q . 4 j=2 V J I U,J,l U,J J,1 

(18) 

SUMMARY AND CONCLUSIONS 
In this paper, we have discussed various objective functions which are used for the level scheduling problem, in 
differing models. The hard nature of the problem causes excessive time requirements for exact methods, hence many 
researchers have proposed heuristic solution techniques. In order to prove efficiency of the heuristic methods on 
large problems where exact methods cannot be used, comparing the heuristic result to a· lower bound is a popular 
and firm approach. 

The lower bounds developed for the single-level models are tight. This stems from-tightness of Aigbedo's [l] lower 
bound. On the other hand, the lower bounds given for the multi-level problems can be improved. These 
improvements are subject to future extensions of this research. · 

The versions without batch sizes are well establishedmodels which-have been studied by several researchers. 
However, lower bounds for the multi-level problems do not currently exist in the literature. Therefore, this paper is 
critical in establishing a base for tight lower bounds for these NP-hard problems. 

The versions with batch sizes are newly defined models. The critical rnle of batch sizes and number of batches in 
these lower bounds can provide valuable information a~out the impact of batch sizes on efficiency of the optimal 
sequence. If the tightness of these lower bounds can be proven, the lower bounds can also be used as objective 
functions in batching problem that come into vision as another important problem to solve in a batch production 
environment. 
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Our future research plan also includes a computational study on average case tightness measures of the lower 
bounds obtained in this paper. Such a study requires generating numerous test instances and an efficient exact 
solution method that can be employed on these test instances, for at least moderately sized problems. 
Although current batch size models can be seen as product weight models, these weights apply only to end products. 
Current study can easily be modified to incorporate weights associated with parts used at sub-levels, as well. 
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HIGH COMMITMENT HUMAN RESOURCES SYSTEMS AND TQM IN 
SMALL MANUFACTURING COMPANIES 

Hazim S. El-Baz 
American University of Sharjah, UAE 

ABSTRACT 
The quality of the human resource management system influences the successful implementation of Total Quality 
Management System in an organization. High Commitment HR systems are aimed at getting more from workers 
by giving more to them. They are flexible systems and adaptable to different environs. Small manufacturing 
concerns have distinct operational traits. This paper investigates the characteristics of such organizations and how 
they influence the implementation of High Commitment HR systems and TQM. 

HIGH COMMITMENT HUMAN RESOURCES MANAGEMENT HR SYSTEM 
Tbe aim of High Commitment Human Resources Management Systems (HCHR) is to "get more from workers by 
giving more to them." It is a philosophy,ofthe balancing scale. If there is a system in place that balances what the 
organization offers its employee and what it asks of them, chances are much greater that the employees will 
respond in kind toward their place of employment. 

When we look at elements of the HCHR systems, it is obvious why they work so well and why companies that 
employ them reap many benefits as a result ofthe system regardless of the difficulties and the cost associated with 
them. The reason is simple: above all and no matter what we do, we are dealing with human needs and wants. . 

According to Fredrick Hertzberg, the factors affecting job attitudes could be divided into two groups: 

·- The growth motivator factors that are intrinsic to the job are (in order of decreasing importance): achievement, 
recognition for achievement, the work itself, responsibility, and growth or advancement. 

- The dissatisfaction avoidance or hygiene factors that are extrinsic to the job include (also in order of decreasing . 
importance): company policy and administration, supervision, interpersonal relationships, working conditions, 
salary, status, and security. 

Hertzberg and others belong to the content theory of motivation that is based on human need. The other motivation 
theory category is the process theories, which assume that behavior choices are made more rationally based on the 
expected outcomes. The expectancy theory formulated in 1964 by Victor Vroom [1] relates the effort a person puts 
forth to the expectation of achieving some desired goal. It involves a combination of two expectations: 

- Effort-to-performance-expectation is a person's perception of the probability that his or her effort will lead to 
. high performance, usually in ~eeting organizational_ goals. 

- Performance-to-expectation is a ·person's perception that attaining the performance described above will lead to 
intrinsic and extrinsic rewards. · 

Whether we view human motivation in light' of the process theories or the content theories, the fact is clear; to 
truly have motivated employees we must satisfy their needs as well as fulfill their expectations. When 
implemented and monitored properly, HCHR systems will create and nurture truly motivated employees. 

Baron and Kreps [2] summarized the characteristics of the High Commitment HR system as: 

1) Employment guarantees 
2) Egalitarianism in word and deed 

· 3) .Self-managing teams 
4) Premium compensation: efficiency wages and superior benefits 
5) Incentive compensation based on team, unit,'or firm-wide performanc~ 
6) Extensive socialization and training 
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7) Eniargeci and enriched jobs 
8) Open communication and information about all aspects of the enterprise 
9) An egalitarian culture and strong overarching goal, such as zero defects 
10) Extensive screening of prospective employees, emphasizing culture fit 
11) Emphasis on ownership, l;>oth symbolic and financial 

If one looks at the extensive list above, it seems that implementing a HCHR system is a formidable task, and it is. 
However, the rewards and benefits for both the employer and the employees are enormous. 

Great benefits and rewards do not come without cost. Both the employer and employees share this high cost. 
HCHR systems create a demanding atmosphere for the employees, not every worker can handle the pressure to 
constantly performing at peak personal levels, and neither does everyone want to do so. Recruitment becomes the 
key element in the success of High Commitment HR systems. Prospective employees must be screened and 
selected very carefully in order to fit such demanding working ·conditions. That is not an easy task for the 
employer to say the least. 

In addition to setting up an HR system that satisfi~ what Baron and Kreps have suggested, the firm must 
constantly monitor the system to assure the existe ·ce 6fconsistency and justice in its various elements. 

The system must be consistent in its treatment am ng employees as well as consistent in all its phases for a single 
employee. If the firm is consistent in its HR syste , the right employees will be recruited, given the right training, 
motivated and rewarded the right way to fit the firm's culture. 

To promote the perception of justice of the HR system among employees, rewards must be allocated fairly 
( distributive justice) and the procedures by which rewards are allocated must also be done in a fair way 
(procedural justice). 

TQMANDHCHR 
Since TQM by definition includes many of the features ofHCHR systems (self- managing teams, ownership,. 
reward systems, open communication, job enlargement, and enrichment), TQM is considered as one of several 
varieties ofHCHR systems, implying that if you implement a TQM system, in essence you are implementing. an 
HCHR system. This is true in theory. The danger in adopting this way of thinking is how some organizations apply 
~ . 

Differentiation between TQM and HCHR may in the long run help some organizations appreciate-the importance 
of balancing what they ask from their employees with what they give them in return. It may also help them 
appreciate the meaning of the word "Total" in TQM so as not to concentrate all their continuous improvement 
efforts in activities related to product quality assurance and the statistical techniques aspects of TQM. This issue is 
more critical for small manufacturing firms than any other organization. For this purpose this paper will reference 
the discussion of TQM/HCHR. · 

TQM/HCHR AND SMALL MANUFACTURING COMPANIES 
What makes the small manufacturing company unique? Why would implementation of. JQM/HCHR systems in a 
small manufacturing firm be different than that for a larger firm? What does the size of a firm have to do with 
implementing a system that is so_ well defined in specific and clear objectives? 

Small manufacturing companies share the same advantages and disadvantages of "small" companies in general. 
Ghobadian and Gallear [3] reported the advantages and disadvantages of small and medium size enterprises 
(SME). Small manufacturing firms share common grounds with SME but with additional issues specific to their 
nature of business. 

Management of small manufacturing companies are, for better or worse, visible to all employees. Their attitudes, 
commitment, and philosophies are transparent to everyone, Lack of extended hierarchy offers the owner/manager 
the opportunity to build a strong personal relationship with employees, but it also increases the potential for 
interpersonal conflicts due to their "span of control." Another complicating factor is that many owners/mangers 
have little formal management or technical training. · 
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Within a small manufacturing company, management has ample opportunities to enlarge and enrich employee's 
jobs because of the natural tendency for cross-functional training to create back-ups for the limited number of 
employees available for production. 

Employees in a small manufacturing firm can be of great value to the firm's continuous improvement efforts if 
given the opportunity. The skilled ones can develop their own job instruction sheets, process sheets, material 
handling methods, and even develop the most efficient layout for their work stations. 

From the previous discussion, it seems that the TQM/HCHR system is easier to implement in a small 
manufacturing firm than a larger one. This is true, of course, because of the size factor. In reality, many hidden 
issues stand in the way of the apparent ease of TQM/HCHR systems implementation. 

Due to the size of.their businesses and their need for association with larger firms, the management of small 
manufacturing companies seems to have a sort of an inferiority complex. Their major customers, usually much 
larger in size~ dictate their TQM/HCHR systems requirements to them disregarding their ability or inability to 
meet these requirements. This is true especially 1en they are required to achieve quality certifications such as for 
the QI award or ISO9000 certificates. . 

The lack of power position ( as it is perceived by t e management of the small manufacturing firms) causes them to 
agree to the demands of the larger firms but in reality do as much of cosmetic changes as possible rather than 
doing the right things. 

The resistance to change is also an issue for the small manufacturing company, both for the owner/manager and 
for the employees. Many owners seem to be "so close to the wall they. can't see the holes in it" and do not believe 
that a change is needed. However, owner/management resistance to change can be overcome very quickly if good 
results can be achieved in a short period. 

The resistance to change on the employee side can also be a major problem. Some small manufacturing companies 
_have skilled senior employees who have been with the company for many years and consider their workstation to 
be their home. Many of them have cultivated the attitude "This is my home. You don't come here to tell me how 
to do my job. I know what I'm doing." · 

Larger manufacturing firms are more attractive to the highly skilled workers because of the pay scale and also for 
mid-term career goals. Small manufacturing companies have a flat structure and much less opportunities for career 
advancement than larger manufacturing corporations. 

CASE STUDY: IMPLEMENTING A QUALITY SYSTEM IN A 
SMALL AUTOMOTIVE PARTS REMANUFACTURER 

Company Background 
ABC Remanufacture is a ·smallmanufacturing firm with approximately 180 employees. The company's · 
manufacturing plant is in the center of a metropolitan area of a Midwestern city and its two warehouses are in two 
other states. It is privately owned and operated. 

The company has a captive customer base from a network of 250 auto dealers spread over three Midwestern states. 
Engines and small parts are remanufactured by the company and distributed to the auto dealers for warranty 
replacement for one of the three big auto makers, XYZ Motor Company. 

The manufacturing workforce is a mix of African Americans, whites and Hispanics. The average period of 
employment with the company is seven years; some employees have been with the company for over 40 years and 
enjoy a special relationship with the owners. 

The Teamsters and Machinists unions both have members in the company. The driver-sales personnel belong to 
the· Teamsters while the production employees belong to the Machinists. 
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Remanufacturing Facility and Operations 
The plant facility was 50 years old with little improvement either to the production processes, production 
equipment, or quality systems. The remanufacturing business does not deal with new parts manufacturing. Old 
greasy and dirty cores are .collected from the dealers and brought into the storage area in the plant. Engines and 
small parts cores are disassembled, cleaned, and sorted out, and useful parts are remanufactured to OEM 
specification. Part~ are then assembled into engines or small parts. The company adopted a Push production 
system, and production scheduling is based on average demand forecast. Finished goods inventory represent a high 
percentage of the manufacturing cost. 

Due to the nature of the remanufacturing business, the plant was not clean and attracted low skill workers who do 
not mind working.in a "dirty" working environment. The environment was accepted by management and 
employees as "the way it is in the remanufacturing business;,, 

The plant layout was done in a haphazard manner, with additional work stations created in whatever space was 
available at the time. " 

The Quality Program 
In 1988 XYZ Motor Company introduced a quality cei:tification program to its network of 17 authorized 
remanufactures as it had with all of all its other suppliers. The program was a comprehensive quality management 
system that extended far beyond controlling product quality. XYZ Motor Company applied the same quality 
systems to its own plants. The program is based on a point system and a minimum score of 120 points was 
required to attain the quality certification. Without the certification, no supplier would be able to do business with 
XYZ Motor Company. The purpose was to limit the number of suppliers through attrition. 

Launch and Implementation 
Two main issues had to_ be dealt with prior to implementing the quality system. First, a proposal was submitted to 
XYZ Motor Company that suggested some modifications in the procedural requirements of the original quality 
program. It was felt that the procedures as they were would hamper rather than help set the proper environment for 
the implementation of a true TQM/HCHR system in the company. The modifications w·ere aimed at achieving the 
objective of each requirement but in a framework that is more applicable to the remanufacturing business anq 
much less bureaucratic than the original' quality system. After few revisions, an agreement was reached. 

Second, the relationship between the employer and its employee were strained to say the least. Most of the factory 
workers felt that they were treated as secon~ class citizens. To make things worse, long-term employees strongly 
resisted the change, carrying the attitude "You don't come to my house and tell me what to do ... I know what I'm 
doing!" 

To unfreeze this situation, it was decided that the layout of the remanufacturing plant would be completely 
changed. This would serve two purposes. First, the processes flow would be based on new and efficient process 
planning. Second, it would unfreeze the position of the long-term employees by moving them to a new and a better 
location so they wouldn't feel that they were peing told what to do hi "their own house." Old and inefficient 
production equipments were removed and sold, generating cash for new production and testing equipment, or were 
placed in the spare parts inventory for machinery maintenance. 

Production Teams 
The only two supervisory positions within the production and assembly plant were eliminated. Six manufacturing 
groups were formed. Each group was fully responsible for one segm~nt of the remanufacturing process. 

Each group was given the responsibility to accept or reject a new prospective employee, to decide what training 
they needed and how often, to reject or accept production batches from a prior work group, and to redesign the 
flow of product within their production zone as they see fit to achieve the set standards of productivity and quality. 
An incentive reward system was implemented based on productivity (positive) and warrant returns (negative), and 
the sum was distributed to each group semiannually. Another reward system was implemented based on overall 

. company profitability. · 
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Production System 
The production system was changed from a costly push production system, based on historical demand forecast, to 
a push-pull system that is much more responsive to customers needs and also minimizes the finished goods 
inventory. 

An innovative state-of-the-art Statistical Process Control system was implemented. 

Training 
Training needs for all employees were mutually agreed upon between the company owners and the production 
groups during the regular monthly meetings. 

Company management attended 80 percent of all training offered on its premises. 

Results 
In 1989, quality auditors from XYZ Motor Company visited all 17 remanufacturers and rated their quality 
systems. ABC Company scored the lowest with altotal score of 12 points out of 200 available points and was given 
the least chance of being able to make the grade. . 

In 1992, ABC Company was awarded the quality . ward with total score of 174 out of 200, the highest of all the 
remanufacturers, and was subsequently awarded tl\ie highest customer service award for four years in a row. 

I 

In 1988 there was an average of three employee grievances against company management. In the combined three
year period of 1991, 1992~ and 1993, there were a total of two grievances. This in itself was a clear sign of 
implementing a successful TQM/HCHR system in ABC Company. 

Another sign of success is that the bottom line of the company, includmg all the costs of the quality system 
implementation, increased by 2.5 percent from 1988 to 1992. 
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APPL YING SIX SIGMA DMAIC STRATEGY TO LOCAL GOVERNMENT 

Sandra Furterer and Ahmad K. Elshennawy 
University of Central Florida 

ABSTRACT 
Six Sigma is an approach focused on improving quality, and reducing variation and defects, while improving 
profitability in an organization. The concept of Six Sigma was developed in the early 1980's at Motorola 
Corporation. ·Six Sigma became popularized in the late 1990's by General Electric Corporation and their former 
CEO Jack Welch. Local governments are just beginning to embrace and apply the principles and tools of Six 
Sigma. Althm,igh local governments do not have a profit component, they can make a major impact on reducing and 
avoiding costs, variation, and cycle time, and improving quality and capacity. This paper presents a case study of 
applying the Six Sigma DMAIC problem solving strategy to local government. The finance department greatly 
reduced variation and improved capacity while providing better customer service through the application of Six 
Sigma tools, including _Pareto.Analysis, Cause and Effect Analysis, and Statistical Process C~ntrol. 

INTRODUCTION 
The concept of Six Sigma was developed in the ·earfy '1980's at Motorola Corporation. Six Sigma became 
popularized in the late 1990's by General Electric Corporation and their former CEO Jack Welch. Six Sigma is 
both a quality management philosophy and a methodology. The Six Sigma term also has a very specific statistical 
definition related to the number of defects per million opportunities with a plus or minus 1.5 sigma shift from the 
mean. The goal of Six Sigma in manufacturing companies is to improve profit, while reducing variation, and 
improving quality of products, processes, and services. The goal of Six Sigma in local government is similar, but 
government does not have a profit component. However, local government does have a cost component. The focus 
of Six Sigma in local government is to reduce variation, improve quality, reduce cyde time, increase customer 
satisfaction, and reduce or avoid costs. Cost avoidance can include streamlining processes to free-up capacity of · 
resources to avoid hiring additional staff. 

APPLYING THE DMAIC STRATEGY IN LOCAL GOVERNMENT 
A case of applying the Six Sigma DMAIC (Define-Measure-Analyze-Improve-Control) problem solving strategy, 
principles, and tools to the financial administration processes in a local governmental entity is briefly presented. 
These tools streamlined the processes and reduced the time to complete the financial processes. 

The financial processes include payroll, purchasing and accounts payable, accounts receivable, and monthly 
reconciliation, in a 7,000-citizen municipality. The finance clerk generates paychecks for administrative personnel, 
the police department, the fire department, the public works department, and city council. The processing also 
includes pension matching, making pension payments, and reporting. The payroll department also processes income 
tax payments, garnishments, child support, and other withholdings to the appropriate agencies. Employees receive 
paychecks every two weeks. Pension reporting is performed on a monthly basis. The customers of the payroll 
process are internal city employees and external agencies that receive withholding payments and reports. The 
current state processes, or the process before the Six Sigma program is implemented, are inefficient, error-prone, 
lengthy, and have an extensive number of non-value added steps. The entire payroll, pension reporting, withholding 
payment process takes between thirteen to seventy employee hours per pay period, depen.ding if processing 
problems occur. 

The purchasing and accounts payable processes enable the city personnel to purch~e materials, products and 
services to run the City. Purchase requisitions are generated by persotµ1el, the accounts payable clerk generates the 
purchase order, which is then approved by the city manager, the finance director, and city council, if necessary. 
Invoices are received by the finance director and processed by the accounts payable clerk, with the appropriate 
approvals and signatures. The currentstate purchasing and accounts payable processes are inefficient, error-prone, 
lengthy, and have an extensive number of non-value added steps. Payments to vendors are frequently late. Multiple 
invoices for the same payment are frequently received and must be reviewed to determine if they have been paid. 
The up front purchasing process takes approximately· seven to- ten days to generate and approve the purchase orders 
after the approved purchase requisition is received. The purchase orders are then filed until the invoices are 
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received. The entire accounts payable process takes approximately two weeks to process a batch from initial invoice 
receipt to vendor payment. · 

The Finance Clerk records revenue receipts and deposits revenue checks into the bank. In the current process there 
is a lag between when the revenue checks are received in the finance department and when they are entered into the 
financial system and depositeq into the bank, ~ue to process inefficiencies, and workload capacity issues. 

The Finance Clerk is responsible for reconciling the financial records on a monthly basis. Reconciliation includes 
comparing the bank statements for the payroll account, a general account, and several investment accounts to the 
financial system entries. Due mainly to either process inefficiencies or workload capacity issues, or both, monthly 
reconciliation currently is rarely performed in a timely manner. Sometimes the Finance Director reconciles the 
books, and other times it is outsourced to an accountant. 

The Six Sigma problem solving approach (DMAIC), along with quality principles and tools were used to improve 
the financial processes. A successful implementation of the Six Sigma DMAIC problem solving approach, and 
quality principles and tools will be measured by the reduction of process inefficiencies, the reduction of the time it 
takes to process the financial transactions, and the assignment of appropriate staffing levels to handle the workload. 

DMAIC STRATEGY 
The DMAIC (Define-Measure-Analyze-Improve-Control) problem solving methodology from the Six Sigma 
approach was used to improve the financial processes. The following graphic, Figure 1 presents the DMAIC 
problem solving methodology used in the local government's Finance Department. Application of each phase and 
some of the tools applied in improving the financial processes will be presented in the following sections. 

Figure 1: DMAIC in Local Government 

Define 
The goal of the define phase of the DMAIC Six Sigma problem solving strategy is to define the need for improving 
the financial processes. The following activities were performed during the define phase. 
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1) Define process improvement need. 

The Finance Director identified the need to streamline the financial processes. The finance clerk complained of 
needing additional staff and not being able to complete her work. · The estimated current payroll processing time 
ranged from thirteen to seventy hours, with a mean time of 40 hours. Employees frequently complained about 
payroll paycheck errors. The monthly reconciliations were not performed on a regular basis. Adjustment journal 
entries were frequently made months after the error should have been discovered. 

2) Identify department goals, project scope, objectives and project plan. 

The Team Quality Facilitator, the Process Analyst, and the Cons·ulting Manager interviewed the finance personnel to 
understand the financial department goals, the project scope, and objectives. The team created a project plan with 
activities, a timeline, and resources: -Team mission, and team members' role and responsibilities were identified and 
documented. ..-

3) Form process improvement team. · 

The process improvement team consisteiofthe hnan~e D;ector, the Finance Clerk, a Team Quality Facilitator that 
performed the role of a Black Belt, a Process An,lyst, and a Consulting Manager. 

Measure i 
The goal .of the measure phase of the DMAIC Si» Sigma problem solving process is to understand and document the 
current state of the processes to be improved, identify the process problems that are causing inefficiencies and errors 
and their root causes. The following activities were performed during the measure phase. 

1) Profile Current State. 

The team used process flow chart analysis to map the current state processes. These flow charts identified the steps 
involved in the Finance Department activities related to budgeting/investments, purchasing/accounts payable, 
accounts receivable, monthly reconciliation, and payroll. 

The team profiled the people and cultural state to understand the level of skills and training of the employees, and 
their resistance or acceptance levels to change.· The team also profiled the technology to determine if the financial 
system was meeting their needs. They had implemented the system about six months prior to the project starting, 
and there were many training issues related to the software. There were ·also some inefficient information system 
flows required by the software applications. Ad-hoc financial reporting capability was difficult, time consuming, 
and required extensive knowledge of data tables and _query ability. 

2) Identify problems that contribute to process.inefficiencies and errors. 

The project team used the process flow charts and several lean tools including waste identification and elimination, 
standardization of operations to identify and eliminate non-valued added activities, and good housekeeping (part of 
the 5 S's) to identify process problems, such as, inefficient sorting and filing of purchase orders and invoices. The 
team also used brainstorming t<? identify problems. · , 

3) . Identify root causes of problems. 

The team used Cause and Effect analysis to identify root causes related to people (such as l_ack of training, and 
skills), methods (lack of standardized procedures), information t~chnology (information system human factors and 
processing flow was confusing and inefficient), and hardware (broken and inefficient printers). 

Analyze 
The goal of the analyze phase is to analyze the proble·ms · and process inefficiencies and define improvement 
opportunities. Also part of the analyze phase is to perform a cost and benefit analysis to understand whether the 
improvements are too costly to the estrmated benefits to improve productivity and quality. 
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1) Analyze gaps from best practice. 

The team identified gaps comparing the current state processes to best practice financial processes. They used 
Pareto Analysis, Figure 1, to understand the vendor purchase patterns to potentially streamline the number of 
vendors across city departments. There are over 250 vendors with year-to-date (through August) dollar volume of 
activity less than $500. Process flow charts were used to identify non-valued added activities, especially related to 
unnecessary work and rework. The team performed an analysis of reported financial information system problems 
using Pareto Analysis, Figure 2, and Statistical Process Control Charts, to identify employee training and knowledge 
gaps with respect to the financial and administrative information system. The Pareto analysis shows that training 
problems contributed to 54% of the reported problems. In addition, control charts, such as moving range control 
charts showed that problems with the system contributed to process inefficiencies. 

Figure ·1 Pareto Chart of Vendor Activity 
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Figure 2 Pareto Chart of Reported Information System Problems 
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2) Identify improvement opportlrities and develop an improvement plan. 

The team identified improvement opportunities that were grouped in the following categories: 
Standardized processes and procedures, good housekeeping, Kanban and visual control, waste identification and 
elimination, and one-piece flow. 
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The team r_ecomrhended that the finance department standardize processes and procedures to enhance repeatability 
and reduce errors. The process analyst documented detailed desk-top procedures and incorporated Excel 
spreadsheets to eliminate timely and error-prone calculator usage. The finance department integrated the fire 
department processes into the standardized payroll and accounts payable procedures. The team recommended that 
the personnel receive financial system training tailored to their improved procedures. 

The team created a Kanban and used visual control for the accounts payable processing. The Kanban was a file 
hanging system that was easily visible to the Finance Cierk and the Finance Director. The Kanban was organized in 

. the order of the process steps. The documents that needed to be assigned account numbers were placed in a red 
folder in the first slot of the filing system. The purchase orders that needed approvals were placed in the next slot, 
so that the Finance Director would easily see them and quickly process them. The appropriate documents for each 
step were placed in the bin, so that the Finance Clerk and the Finance Director would have visual cues for the work 
that needed to be done. This greatly reduced the purchasing and accounts payable processing times. 

The team identified waste and· eliminated non-value added activities, such as printing lengthy reports that were never 
used. The team recommended the use of new accounts receivables technology that automatically transferred journal 
entries, instead of requiring redundant data entry. The team encouraged using direct deposit to eliminate payroll 
check printing. The team recommended extensive information technology improvements that further streamlined 
the processes, and eliminated redundant data entry. 

The team identified improvements that would help move the accounts payable processing closer to one-piece flow, 
and enable vendors to get their payments quicker by processing smaller batches more frequently. The team used 
vendor Pareto Analysis to identify duplicate vendors and recommended that the number of vendors be reduced. 
This would also reduce the number of invoices and help move closer to one-piece flow. 

3) Perform a cost and benefit analysis. 

The team identified pote~tial costs and proposed benefits of each proposed improv~ment to determine if the 
estimated benefits are greater than the costs to implement. Most of the costs were related to training and resources 
needed to implement and document the staiidardized procedures. The largest costs were related to obtaining laser · 
printers that eliminated problems from dot-matrix, form fed report printing that frequently jammed, resulting in 
redoing complete check runs and processing. 

The Team Quality Facilitator and Proces·s Analyst identified potential costs and proposed benefits of each proposed 
improvement to determine if the estimated benefits are greater than the.costs to implement. They also provided 
advantages and disadvantages to each solution, so that the Finance Director could make an informed and data
oriented decision. 

A cost benefit analysis for automating the processing of payroll timesheet hours is presented in table 1. Four 
alternatives were identified that could automat~ the timesheet payroll hours entry and verification activities. The 
first solution was to create a Microsoft Access program that would allow entry of timesheet data and perform 
automated verification and summing of hours by department. Alternative two was to implement an existing module 
from the financial information system vendor to automate the timesheet data, allow remote entry by each department 
and allow automated integration ofthe timesheet data into the payroll system. The nextalternative was to 
implement custom design and development of scanning and optical character recognition software to enable 
scanning or input from Microsoft Excel timesheet data. Alternative four was to develop Excel timesheets that would 
enable automated entry of timesheet data within each department, and allow automated verification and summing of 
the timesheet data. The entered payroll hours data could then be compared to payroll hour reports_ to ensure payroll 
data accuracy. Alternative three would require the highest cost, the longest implementation time, and the highest 
level of technology skills needed by the department employees. Alternative four required the lowest cost, the 
shortest implementation time, and a lower level of technology skills needed by department employees. An economic 
analysis was performed to determine which alternative was the'most economically attractive alternative. 

Only alternative 4 had a positive net present worth, or a benefit/cost ratio greater than one. The internal rate of 
return for alternatives 1, 2, and 3 were all negative. The internal rate ofreturn for alternative 4 was 48%. The 
payback period for alternative 4 was 2.02 years. 
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· The city implemented alternative four, which reduced the time needed by the Finance Clerk to enter and verify 
timesheet data. It also pushed accountability of timesheet data to the originating department, who had the most 
knowledge about whether the data was accurate. Alternative four also eliminated the cumbersome, time-intensive, 
off-line calculator-based payroll hours verification step. This alternative also standardized the timesheet format and 
process across all of the city departments. The timesheet errors and payroll processing time was reduced by 
automating and standardizing the payroll timesheet entry and verification process. 

Table 1 Cost Benefit Analysis for Automating Payroll Time Sheets 

Alternative 1 Alternative 2 Alternative 3 Alternative 4 
Access Time Sheets Remote Payroll Scannin2 and OCR Excel Time Sheets 

Initial Cost $18,000 $11,200 $45,000 $6,000 
Annual Cost $1,000/year $2,000/year $10,000/year $0/year 
Annual Benefit $1,664/year $1,664/year $2,496/year 

~ 

$3 ,348/year 
Net Present Worth -$15,349 -$12,542 -$74,961 $7,289 

Improve 
Goal: The goal of the improve phase is to implement the improvements, measure the impact of the improvements 
and document procedures and train employees on the improved procedures. 

1) Implement improvement solutions. 

The team implemented the financial process improvements across a four-month period to the payroll and pension 
reporting, purchasing and accounts payable processes, accounts receiv.able, and monthly reconciliation. The team 
first collected further information to validate the feasibility of the process improvement' ideas presented in the 
analyze phase. The team created an implementation plan for any improvements that would take more than one week 
to implement or that required significant expenditures, and defined the associated costs and benefits at a finer detail 
than in the analyze phase. The team·gained approval from the Finance Director to proceed with the implementation 
.of the improvement opportunities. The team implemented the improvements and redesigned the appropriate 
processes to incorporate the improvements. As part of the project management of the implementation the Team 
Quality Facilitator provided weekly status reports to the team that included the task there were completed and the · 
status and estimated completion date. The Team Quality Facilitator also documented any outstanding unresolved 
issues on an item for resolution form (IFR). 

2) Measure impact of the improvements. 

The team measured the impact of the improvements after the majority of the improvement opportunities were 
implemented for each financial process. The payroll processing time was reduced by approximately 60%. Although 
the errors were not measured prior to the improvement implementation, no paycheck errors were found while 
migrating the Fire Department into the Finance Department procedures and financial systems, using the revised and 
improved payroll processes. _ The purchasing and accounts payable processing time was reduced by approximately 
40%, and all the vendors started getting paid on a consistent and timely basis. The accounts payable improvements 
also completely eliminated some of the non-value added processing steps such as, no longer having to verify that 
duplicate invoices had been paid, due to paying invoices on time. 

The Accounts Receivable processing time was reduced by approximately 90%. Revenue checks were getting 
deposited into the bank daily. The monthly reconciliation processing time was reduced by approximately 87%. 
Additionally, the monthly reconciliation process was able to be performed on a consistent monthly basis, due to 
providing more capacity for the Finance Clerk. The increased capacity was a result of the elimination of non-value 
added tasks, and reducing the payroll, accounts payable and accounts·receivable processing times. 

Another significant improvement related to the improved processes and subsequent training was that the number of 
financial system problems reported to the software vendor greatly decreased from an ·average of about 13 problems 
reported per month by the Finance Clerk to about 6 per month. Table 2 summarizes the estimated prior processing 
times, the estimated processing times after the improvements, and the percentage reduction of processing times. 
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Table 2 Percentage Reduction in Processing Time 

Payroll and Pension 60 hours 24 hours 60% 
Re ortin 

Purchasing/ Accounts 40 hours 24 hours 40% 
Pa able 

Accounts Receivable 60 hours 6 hours 90% 
Monthl Reconciliation 60 hours 8 hours 87% 

3) Document procedures and train employees on the improved procedures. 

The process analyst documented the improved and standardized desk-top procedures, which included detailed 
process steps and computer screen shots populat~d with representative process da.ta. The desk-top procedures were 
so thorough, that on several occasions when the inance Clerk was not available, the Finance Director, and the 
Income Tax Clerk were able to perform the payr 11 process with limited advanced training. The Finance Clerk was 
trained on all of the improved processes using th~ detailed desk-top procedures. She also received process-specific 
training on the financial information system from the software vendor. 

I 

Control 
Goal: The goal of the control phase is to implement performance measures and other methods to control and 
continuously improve the processes. 

1) Design and implement process performance measures. 

Several process performance measures were recommended to help assess whether the productivity and quality of the 
financial processes. The process measures had not yet been implemented by the end of the project. 

2) Implement a continuous process improvement approach to always improve. 

The Team Quality Facilitator encouraged the Finance Department to implement a continuous improvement process 
to continue to improve both the productivity and the quality of the financial.processes. This would be especially 
important if turnover occurred, so that the culture would change to one that continually and always improved. 

3) Celebrate the successes, reward and recognize the project team members. 

One of the last, but very important steps of the control phase is to take the time to celebrate the improvement effort, 
even if it was something as simple as going out to lunch to celebrate, which the te~m did. The Finance Department 
had not yet changed their reward and recognition system to accommodate continuous improvement and 
performance-based metrics. 

RESULTS AND CONCLUSIONS 
Through implementing the Six Sigma DMAIC strategy, the city's Finance· Department was able to significantly 
reduce the time to process payroll, purchasing and accounts payable, accounts receivable and monthly 
reconciliation. Payroll processing time was reduced by 60%. Purch_asing and accounts payable processing time was 
reduced by 40%. Accounts Receivable processing time was reduced by 90%. Monthly reconciliation processing 
time was reduced by 87%. The Finance Department migrated the Fire Department into the city's standardized and 
improved financial processes and systems when they became a city department.. The migration was seamless. No 
pay~heck errors occurred during the first pay periQd when the F4"e Department's payroll was processed by the 
Finance Department using the improved procedures. · 

Additionally, the monthly reconciliation process was performed on a consistent monthly basis, due to providing 
more capacity for the Finance Clerk. The increased capacity was a result of the elimination of non-value added 
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t~sks, and reducing the payroll, accounts payable and accounts receivable. processing times, which enabled a part
time employee to be moved to another department. Another significant improvement related to the improved 
processes and subsequent training was that the number of financial system problems reported to the software vendor 
greatly decreased from an average of about 13 problems reported per month by the Finance Clerk to about·6 per 
month. 

Applying the Six Sigma DMAIC strategy provides an excellent way to improve the productivity and quality, as well 
as enhance customer satisfaction, of providing financial services at a local government. . 
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ANNUAL PERFORMANCE REVIEW: AN ORGANIZATIONAL MESSIAH OR PARIAH? 
A TQM APPROACH 

Ebrahim Soltani, Robert Bob van der Meer and Terry M. Williams 
· University of Strathclyde 

ABSTRACT 
Using a survey, we provide information about the current state of performance management ( appraisal) from a 
sample of UK-based EFQM-affiliated organisations. We particularly focus on several critical issues of performance 
management in the context ofTQM including: the effectiveness ofTQM programmes; the rationale fC>r performance 
management; degree of internal consistency between TQM assumptions and performance management systems; and 
the relationship among performance.management, effectiveness of TQM programmes, employee satisfaction, and 
overall organisation performance. Although the fundamental precepts advocated by founders of TQM appear to be in 
conflict with performance management practices; however, we argue that, rather than being contradictory, both can 
add value to the operations of the other in the interest of the organisation as a whole. More precisely, we explain how 
a successful TQM strategy requires a rethinking nd changing !be organisation's performance management system 
otherwise it is highly likely to result in a disaster. Finally, we use the survey evidence, combined with previous 
literature, to discuss the implications of these res lts for designing a TQM context-appropriate performance 
management and for the future of TQM and research. 

THEORETICAL BACKGROUND 
The last few decades have seen growing interest in total quality management (TQM) and also various forms of 
performance management (appraisal) practices. On the one hand, application of different TQM initiatives have been 
seen as helping organizations to meet the challenges of increasing competition and more demanding customers 
which in turn resulted in radical and widespread shifts in the global economy (Snape et al., 1996). Such boundless 
enthusiasm for TQM, on the other hand, happened to cpincide with the emergence of performance measurement 
frameworks ofTQM such as the Baldrige framework and European Foundation for Quality Management (EFQM) 
business Excellence Model, and other performance management systems namely Balanced Scorecard and HR 
Scorecard, which have provided a clear description as to what companies should measure in order to balance the · · 
financial perspective, and how HR impacts business performance (see, for example, Becker et al., 2001; Capon et 
al., 1995; Sinclair & Zairi, 1995; Wilkinson, 1993). · 

Despite this strong active feeling of interest for TQM as one of the keys to competitive advantage (Snape et al., 
1996), and for performance management ( appraisal) as one of the top ten vehicles for creative competitive advantage 
(cited in Longenecker & Fink, 1999), the prescriptive literature, however, on the one development (i.e. TQM) has 
often eliminated the other (i.e. performance appraisal). As a consequence, the potential contributions of performance 
appraisal are less well understood and hence could be lost if the theoretical underpinnings of the conflict are not 
critically assessed. 

More precisely, in regard to the performance appraisal in the context ofTQM that has now become known as 'TQM
driven performance appraisal system' (Ghorpade et al., 1995), or 'the unique appraisal context ofTQM 
organizations' (Prince, 1996), some of the most important contributions have come from DeJ]llng ( 1986) who 
examined the concept of performance system factors, followed by other researchers such as Cardy (1998), Wilkinson 
et al. (1998), Ghorpade et al. (1995); Waldman (1994), and Dobbins et al. (1991) who sought to highlight the issues 
surround the type of performance management system considered to be compatible with TQM practices and 
requirements namely: helping employee to improve their performance, emphasis on group-based review and reward 
systems, inclusion of systems-level features in measuring employee performance, multi-rater as the main source of 
appraisal, and focus on objective measures of work performance, to na!Ile just a few. 

As mentioned earlier, the majority of literature on performance appraisal was based on the discussion originally 
proposed by Deming (1986), who lists 'evaluation of performance,' merit rating and annual review' as the third of his 
'seven deadly diseases'. As Deming pointed out, these diseases ·fundamentally impede the transition to a stable total 
quality (TQ) environment, or they actively encourage regression to traditional ways. Later that decade Murphy and 
Cleveland (1991) further recognised the place of performance management system in different organisational 
contexts by proposing that the system that is used to appraise performance needs to be ·congruent with the culture and 
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principles that guide the conduct of the organisation. Unless congruence is ~etained, anything that is developed is 
liable to be rejected (see also, Ghorpade et al., 1995:35). Wilkinson and others (1998:46) further recognised the 
importance of HR policies essential to the successful implementation ofTQM, concentrating on the adaptation of HR 
practices and polices to underpin the development of the necessary motivation, attitudes and the competep.cies 
required for quality management. It was these seminal texts and research reports from which provided the central 
context of this research project, which sought to explore the current state of performance appraisal in organisational 
environments with a quality orientation. In the process of reviewing literature on TQM and performance appraisal, it 
became clear that whilst there was a number of theoretical works in the area, there was an apparent lack of empirical 
studies on the research issue. In an attempt to redress this apparent shortfall, we address this gap by analysing data on 
TQM and performance appraisal practices in the UK, drawn from a semi-structure interview survey of a sample of 
Quality Scotland Foundation (QSF) as one of the National Partner Organisations (NPOs) of European Foundation for 
Quality Management (EFQM) in the UK, carried out in 2002. 

RESEA~CH METHODOLOGY 
In order to clarify the fundamental issues regarding performance management in the context of TQM based on prior 
theory and research, two separate surveys but linked were conducted, initially utilising a mail questionnaire and 
subsequently supported by a semi-structured intet·ew survey. The interviews - reported in this paper - were 
conducted in order to answer some of the •~hy?' nd 'how?' questions and to help enrich, interpret and understand 
the questionnaire data. A particular aim here was t explore some of the issues surrounding the degree of internal 
consistency between performance appraisal and T(QM requirements, which, because of space and time constraints, 
were not included in the questionnaire survey. The

1 
interview structure was therefore predetermined by the structure 

·of the questionnaire and the completed questionnaire was used as an aide-memoire in the interviews. This highly 
adaptable semi-structured format allowed issues to be followed up, clarified and developed during the discussion. 
For a description of the sample and the complete findings, see Soltani (2003) and Soltani et al. (2003). 

INTERVIEW SURVEY: DATA ANALYSIS 

Characteristics of the Surveyed Organizations 
· The organisations participated in the interview survey were representative of the QSF membership as a whole in 
terms of economic sector, size, and quality awards, which allows us to compare the experience ofTQM initiatives 
and performance management practices across a range of organisation sizes, ownership types, award-winners, and 
industries (see, Table 1 & 2). Of the 10 interviewees, 50 percent fell into the private sector, and within this, 
manufacturing were the largest group represented, and then hospitals and telecommunication were equally 
represented. With.in the public sector, higher education, police, and fire brigade were equally represented. Of 
voluntary sector, childcare and economic development were also equally represented. There were relatively few 
organisations with less thanl00 staff amongst the respondents and the largest proportions were in the 1000-4999 and 
500-999 staff categories, as shown in Table 2. 

Table 1 - Interview respondents bv economic sector and quality award 
Economic sector 
Private 

. . 

Public 

Voluntary 

Table 2 - Interview respondents by organisation size (no. of employees) 
Number of staff · 

24 or less 
25-49 
50-99 
100-499 
500-999 
1000-4999 
5000-9999 
10000+ 
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% of total 
50 
30 

20 · 

% of total 

10 

20 

20 
40 
10 
10 
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Respondents were also asked about whether they were received any quality award. As Table 3 shows, 40 percent of 
the interviewees were Investors in People (IiP) recognised, with a further 30 percent were recognised different local 
and national quality awards. Further, 20 percent of the interviewees were also received European Quality Award 

· (EQA). 

Table 3 - Interview respondents by quality awards 
% of total 

Quality award winner IiP Charter EFQM/ BQAI Other national and local 
Mark QSF SQMS quality awards 

Private xx X X XXX 
Public X X X 

Voluntary X X 

As discussed earlier, the interviews were structured for developing a deeper understanding of the main topics 
emerged from the questionnaire survey (see, T!1ble 4). In the pages that follow, participants' responses to these issues 
were presented and analysed. The main purpose of the analysis was to organise participants' responses in such a way 
that overall patterns would become clear (i.e. content analysis):- · 

Table 4 - Main issues emerged from the questionnaire survey 
• Effectiveness (success) ofTQM programmes, and the main barriers to be overcome 
• The rationale for current approach to employee performance appraisal 
• The degree of consistency between performance appraisal and the precepts of TQM 
• The relationships between appraisal system, the effectiveness of TQM programmes, and the level of 

employee satisfaction -
• Suggestions for improving the performance appraisal system for the benefit of both the TQM-oriented 

organization and its employees 

Indicators and evidence of TQM success 
When the interviewees were asked how did they measure the effectiveness of their TQM programmes they referred 
to several indicators and key measures of TQM success. A summary of the key measures used by th~ interviewees , , 
for measuring the TQM success was given in Table 5. 

Table 5 - Key indicators of TQM success 
Indicators of TQM success 

Business sector 
Customer Cost Financial Internal Business Excellence 

satisfaction per benefits customers Model, 
unit Balanced Scorecard ... 

Private XXX X X . xx 
Public XXX 
Voluntary xx X X 

. , 
Evidence from current practices amongst the surveyed organizations has established that measurement is the weak 
link in the majority of quality management programmes. However, it is a fact that measuring TQM is not easy. 
Within the last decades quality has been measured by a variety of methods and techniques such as percentage of 
failure, SPC, sampling techniques, FMEA, Taguchi methods and Pareto analysis. However, the weakness in all of 
these methods is that a company-wide picture of progress is not achieved. Later, the holistic nature of T.QM in the 
1990s requires that customer, shareholders and competitors are also important to assess TQM success (Capon et al. 
1995). Techniques such as cost of quality (Stebbing, 1991 ), auditing compliance to company procedure (Reynolds, 
1990), customer perception (Barry, 1992), and finally employee commitment (Capon et al., 1995) were among the 
key measures for: success ofTQM as a whole. Although these me_asures consist of both hard and soft factors ofTQM 
and are company-wide measures and evaluate TQM. success as· a whole, however, they have got their own 
weaknesses (see, for further details, Schonberger, 1986; Tsuda, 1991). To overcome the weaknesses of different 
measures ofTQM success, two attempts have been made to combine these various aspects of measurement ofTQM 
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success. One is the Baldrige award, launched in 1987, and the other is the European Quality award launched in 1992 
(see, for further details, US Department of Technology, 1993; EFQM, 1999). 

Although many techniques are available at a detailed level through the organizations· surveyed, few measureo the 
success of their TQM programmes as a whole. Nearly 80 percent of the interviewees, for instance, were used 
customer satisfaction, through customer survey, as the main indicator of their TQM success. As shown in Table 5, 
for over half of the organizations using a company-wide approach to measuring TQM success was the weak link in 
their TQM programmes. The data here also supports the work of Claret (1993), and Cottrell (1992) who found little 
evidence, in reality, of important role of measurement in many TQM programmes in the UK. In line with these 
findings, excluding 'customer satisfaction' as the most common indicator ofTQM success, comments such as "We 
probably did not measure the outcomes" (from a large public organization) were common. For two of the 
interviewees, one from public the other from private sector, however, the signs of using a company-wide holistic 
approach to measuring TQM success were positive in some ways. For one of these companies, an international 
manufacturing company, for instance, the signs of possessing an integrated measurement system of TQM success 
were positive, when the interviewee remarked: "We have got a programme called 'Signature of Quality' - fairly 
close to Baldrige Quality A ward - which approaches quality in a quite holistic way in terms of what customers are 
looking for" . 

The issue of key measures of TQM success was also backed up by asking the interviewees to provide evidence of 
success. When the interviewees were asked whether they had any evidence ofTQM success, the majority of them 
reported that the certificates and awards given to them by external assessors were their main.evidence ofTQM 
success. One public sector - also European Quality Award (EQA) winner - responded to this question this way: "The 
ultimate level is the accreditation that our organization receives from a number of external agencies like Charter 
Mark, IiP, EQA, awards given for management styles". Others - an international manufacturing organization - talked 
in terms of customer satisfaction surveys and employee surveys as the evidence of quality success. 

In sum, though the survey revealed some evidence on using some of the key measures of TQM success by the 
surveyed organizations, however, for the majority of organizations, there were few indications that such 

. measurement went beyond the single customer satisfaction as the most common indicator ofTQM success. For one 
of the organization - a medium-sized private sector - this fact was demonstrated by the following comment: 
"Customer is the easiest measure to use". However, whether ·this evidence provides a back up for continuous 
improvement rather than simply measures customer satisfaction is questionable. 

Barriers to TQM 
When the issue of barriers to TQM was discussed in the interviews, most respondents reported that the obvious 
barrier was the lack of complete top ma:µagement commitment from the start, and through the process. As a result, 
this problem was compounded by the lack of support of other senior management team. While the majority of 
organization cited the lack of strong leadership as the major barrier to TQM success, others attributed other factors to 
TQM failures. A list of these factors was summarized by business sector in Table 6. 

Table 6 - Factors contributin to T M failures 
Private Public . 

. Lack of drive by management 

. Skill shortage / Lack of 
qualified personnel 
. Limited resources 
. Difficulty of implementation 
. Low en a ement of em lo ee 

. . Lack of strong leadership 
. Convincing staff to take 
ownership of quality 
. Employ~e resistance 

Volunta 
. Low commitment of top management 
. People resistance 
. Lack of an integrated PM 
. Lack of enough knowledge of TQM 
. Lack of continuous monitoring of TQM 
rocess 

As Table 6 shows, there was a common agreement among all the interviewees on low degree of commitment of 
senior management to TQM programmes, and finally followed by negative consequences. This issue well summed 
up by the interviewees in the following comments: "The obvious barrier is the lack of complete top management 
commitment from the start"; "Leadership is the key to both success and failure"; "TQM is not something separated 
and taught separately from system. It should be integrated in the management style". In two of the quality winner 
organizations - one public and the other private - however, the main source of problem was related to employee 
engagement. 
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Overall, the research revealed a number of evidence for TQM failures, but raised doubts about why top management 
and senior management team did not really consider TQM programmes as their first priority? All interviewees · 
acknowledged that leadership and management commitment was the key to both success and failure, consistent with 

. Wilkins9n et al.'s study, sponsored by Institute of Management, in 1993. This difficulty, in turn, results in a lack of 
commitment of employees. There was also· clear evidence of inability of organizations to engage the employees to 
recognize the TQM philosophy and its benefits. The results are highly consistent with the literature of quality 
management concentrating on requiring employees to understand the process of continuous improvement (see, for 
example, Deming, 1986; Ishikawa, 1985; Crosby, 1979), as Wilkinson et al. (199~: 49) put it, "the emphasis is on 
autonomy, creativity, active cooperation and self-control for employees,with employee involvement a key theme". 
Although this part provided strong evidence for TQM failure, but the evidence for why such barriers exit was less 
clear. · 

Consistency of TQM and Performanc~ Appraisal 
The need for consistency and congruity between performance appraisal artd TQM requirements in quality 
organisational environments has been stressed by,many commentators in both areas of quality and HR management 
(Deming, 1986; Cardy, 1998; Wilkinson et al., 1998), but many of the same researchers would question whether in 
reality such consistency actually exists. Accordiniy, in 60% 9ft4e_organisations interviewed there was a very low 
consistency between TQM requirements and per£ rmance appraisal systems. For these organisations, the following 
comment may have voiced what was a general, th ugh not readily acknowledged, underlying concerned: " I would 
have to say that.it is not consistent. One reason fo \ this inconsistency in our organisation is that systems-level 
features are not included in performance appraisal system". When the issue of inconsistency was probed during the 
interviews, a recurring theme emerging was that although the organisations surveyed had a formal performance 
appraisal system in place, the nature and focus of these systems were in conflict with TQM precepts. Comments such 
as "we have an individual-based appraisal", and "we found a control-based approach to appraisal" were common. 
Most interviewees themselves appeared to be very aware of this incongruity, accordingly of the negative 
implications of this inconsistency for TQM programmes as well as employees. However, the evidence for the 
remaining four organisations was slightly different. Of these, in only two, there was enough confidence of applying a 
performance management system tailored to TQM context. 

Furthermore, the interviewees were asked to explain why do they think that a lack of consistency between 
performance appraisal system and TQM assumptions results in a lack of effectiveness of TQM programmes? In 
response to this question, in the words of a public sector, also winner ofEQA: "Because everything comes back to 
individual". In a very similar vein, having recognizeq the employees as the key core for the success ofTQM, a 
private organization argued that without the right staff, TQM programmes would result in failure. Another 
interviewee, a large public sector organization, a~buted the lack of knowledge of quality management as _the_ main 
reason for designing a poor performance appraisal system. As a consequence of such a poor system, the interviewee 
came to the conclusion that they couldn't communicate the TQM message efficiently down the organization. 
Assuming this to be the case, designing any performance management system would fail both TQM requirements 
and employee demands. Finally, other interviewee summarised his argument this way: "Ifperformanc.e management 
is not well structured it will give the TQM a bias". · 

. In short, there was some but little evidence to suggest that the TQM organisations had-fairly developed their 
performance management system to integrate TQM requirements. There were also some encouraging indicators that 
the TQM organisations were considering to change their performance management system in the interest of both 
organisation and employees i.e. embarking a team-based performance appraisal, introducing a competency-based 
performance management system, training development programmes which underpins the idea of continuous 
improvement. By and far, however, the evidence for nearly 70 percent was ratheJ less positive and it would appear 
that TQM organisations are not yet in a position to integrate quality management precepts and requiremep.ts into their 
performance management system. 

Ineffectiveness of Performance Appraisal in the Drive Towards Acceptance of TQM 
In order to examine the inability of performance appraisal systems in playing a more effective part in the drive 
towards acceptance of TQM, the interviewees were asked to· explain the main reasons for ineffectiveness of 
performance appraisal system in meeting quality management objectives. Interviewees' responses to this issue were 
summarized in Table 7. A brief overview of the reasons mentioned for ineffectiveness of performance appraisal in 
improving TQM objectives clearly shows that for the majority of organizations, lack of an integrated and company-
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wide performance management to cover the key performance measures and indicators was a ~ain reason for 
ineffectiveness of performance appraisal systems. For instance, one of these companies - a voluntary sector 
organization - remarked that: "Our performance appraisal has not necessarily come from a quality agenda. It has 
come from a managing people agenda to adjust the payment to employees". · . 

Table 7 - Ineffectiveness of performance appraisal 
Public 

• Ignoring individual and team objectives 
• Being treated with a degree of suspicious 
• External recruiting 
• Subjective measures 

Private 
• Recognizing of individual seems to be lost to some gre~t 
• Performance appraisal outcomes as an indicator to employee's pay raise 
• Lack of a company-wide integrated performance management system 

. • Unqualified management in providing ~ldback to employees 
Voluntary 

• Performance appraisal has not come fro a quality agenda 
• A trial-like approach to performance app~aisal from employee's perspective 
• Lack of relevant performance indicators 
• Lack of clear targets 

As Table 7 shows, using subjective measures and management preconception about employees was cited by one of 
the public sector as a reason for the system failure .·This is consistent with the.literature, which emphasizes that 
organizations - whether using Balance Scorecard, HR Scorecard, some ·other forms of scorecard, or no scorecard at 
all - should avoid subjective assessments at all costs, and every metric they devise has to have a numerator and a 
denominator, no matter how trivial (see, for further details, Becker et al., 200_1). 
It is of no surprise that the results of the interviews are in line with the literature on performance appraisal. Lawler 
(1994) summarized the ineffectiveness and as a consequence the dissatisfaction this way: "The problem - an it is 
well documented - is that most performance appraisal · systems do not motivate individuals nor guide their 
development effectively" (p. 16). 

Sour:ce of Appraisal: Actual Versus Recommended Sources 
The need for a relevant source of appraisal consistent with the context of organization has been stressed by many 
commentators (see, for example, Cardy, 1998; Dalessio, 1998; Wilkinson et al., 1998). According to the data 
gathered, for the majority of organizations surveyed the main source of appraisal was immediate supervisor whilst 
they suggested that self-appraisal or multi-rater appraisal would be more consistent w1thin a TQM context. To find 
out the reason for such a gap, this issue was discussed with the interviewees, and overall, the majority of 
interviewees were supporting self-appraisal and multi-rater feedback as the most relevant sources of appraisal in 
organizational environments with a TQM orientation. Although this enthusiasm is in line with the current literature 
(see, for example, London & Smither, 1995), however, there was generally less emphasis on its application in these 
organizations for a variety ofreasons (see, Table 8). Put it in another way, the TQM organizations' support for self
appraisal as well as multi-rater feedback as the most relevant and consistent sources of appraisal in a quality-driven 
context, as revealed in the interviews, was also much less positive than expected. 

Table 8 - Interview evidence on difficulty with self-appraisal 

• Self-evaluation is not rigorous. • We do not trust employees. 
• Time and· effort are important issues. • It is not accurate. 
• Time matters. 

In sum, there was some evidence - consistent with Dalessio's (1998) study on the major implications for practice - to 
suggest that the organizations surveyed realized the importance and relevancy of multi-rater or self-appraisal as some 
useful sources of appraisal in the context of TQM. Analysis of the interview data also showed that the best system in 
place would fail if employees do not understand what the organization expects of them. Accordingly, Dalessio 
(1998) has strongly suggested that the extent to which the process is successful in an organization depends to a large 
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extent on how well it fits with the strategy and culture of the organization and is supported by a set of mutually 
reinforcing HR practices (p.322) . 

. Impact of Performance Management on Overall Performance of the Organisation 
Interview respondents were also asked whether their performance management had impact on overall performance of 
their organisations, and if so, what kind of evidence they had. All organisations surveyed reported that performance 
management had an impact on performance of the organisations. In the interviews, one large public sector 
organisation showed evidence of such link and impact by commenting that: "Performance management practices 
have a great impact and influenc~ on the overall performance of the organizations. We have a number of indicators 
such as: staff absence rate, staff illness rate, customer complaints, and employee satisfaction". The first three issues -
staff absence rate, staff illness rate, and customer complaints - as the interviewee said, have come down dramatically 
within the last 5 years. Put it in another way, it means that the policies and strategies taken by the organizations have 
not had a negative impact on the individual performance. Given the link between individual performance, 
departmental goals, and organizational Qbjectives, one interviewee fromvoluntary sector remarked that: "Providing 
an integrated review and performance appraisal system to individual and team evaluation means that people are 
aware of the organization mission, how to make contribution, and how to improve the overall performance of the 
organization". 

In line with the above arguments, to support the impact of performance management practices on overall 
performance of the organisation, one international manufacturing organisation made a very reasonable comment to 
explain the link between performance management and improving organisational objectives: "Many organisations 
have set up performance appraisal for setting objectives and assessing employees' performance against those 
objectives". Other contributions of performance management towards overall performance of the organisation, in the 
interviewees' opinion, are: discussing improvement and development of employee performance, allocation of 
resources based on the real contribution of individual and departments, and setting some sort of reward schemes. 
In short, the empirical evidence for the impact of performance management on overall performance of the 
organization was relatively strong; lending support to the view of those who doubt whethet such link and impact is 
clear or not. The data provided some encouraging indicators that the organizations surveyed confirmed this impact 
and perhaps also becoming more involved in quantifying this link. It could be argued that, however, the lack of such 
measurement of this impact is a real gap in performance management system of the surveyed organizations (see, 
Becker, et al., 2001). In addition, there was even-less convincing numeric evidence for the impact of performance 
management on overall performance of the organizations. 

Implications of Inconsistency Between PerformaJ)ce Management and TQM Assumptions for Employees 
When this issue was researched during the interviews, a recurring theme emerging was that although the 
management was certainly aware of the employee's role in successful implementation of the system, the results of 
such awareness was not translated into HR performance appraisal practices. In addition, the majority of interviewees 
confessed to dissatisfaction of employees with the performance appraisal systems. Comments such as "I think this 
inconsistency removes the morale in the workforce" and "it has a strong negative implications for employees" were 
quite common in their responses. Taking a TQM approach, one interviewee explained this negative implication this 
way: "Employees will see different measures which are inconsistent with TQM activities and will be confused in 
fulfilling a particular quality job". 

Another interviewee - a large ·public sector prganization - argued that in the vast majority of organizations, 
performance appraisal is only good for a certain categories of people. The interviewee defined these categories as 
good and bad performers whilst the vast majority of employees fall in between. Such problems with performance 
appraisal led the other interviewee to recognize a link between employee dissatisfaction and failure of TQM 
programmes by arguing that "Lack of understanding of TQM results in a lack of effective communication ofTQM 
practices, which in turn, will lead to a lack of commitment to TQM programmes". As a consequence, the bottom line 
is clear: TQM failure. The negative implications ofTQM and performance management inconsistency was also 
compounded by the fact that employees engagement in designing and implementing the performance appraisal 
system, in ~he majority of organizations, was quite low. These findings ~re consistent with the most recent survey on 
employee engagement reported in Gallup Management Journal in 2002: "More than half of the employees may not 
be engaged with their work (see, for further details, gmj.gallup.com). 
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CONCLUSION 
The interview survey was set out to investigate the main issues emerged from the first stage of this research project, a 
questionnaire survey (see, Soltani 2003; Soltani et al., 2003), on the current state of performance management 
(appraisal) in the context ofTQM. Overall, the results suggest that there is a low internal consistency among the 
surveyed organizations in terms of integration ofTQM requirements into performance management systems. All 
respondents acknowledged the importance of performance management system tailored to quality management 

· precepts and assumptions in the interest of both employees and organizations. In addition, there was a universal 
consensus as to the need for adoption of a TQM-driven performance appraisal in quality organizational 
environments. There are, however, certain barriers highlighted through this survey in relation to quality management 
practices as well as performance appraisal systems that must be removed. It should be noted that the presence of 
these barriers and other potential problems facing performance appraisal does not dilute its vital support, cited 
frequently in the literature, for improving TQM objectives as well as employees. Rather, it has the particular benefit 
of highlighting areas where the design of performance appraisal may need strengthening. The observed problems and 
inconsistencies require the surveyed organisation in particular, and other TQM-based organisations in general, to 
rethink and re-examine some of fundamental ideas concerning performance appraisal. These findings - consistent 
with the previous literature - suggest resurgence itthe value attached to performance management, reflecting the 
heightened pressures faced by all types of organis tions, particularly TQM ones, in designing a performance 
management system congruent with the context o the organisation (e.g., Murphy & Cleveland, 1991). A TQM 
approach to performance management, inspired in\ detail by Deming (1986), appears to be shifting towards a more 
bal_anced outlook where all people in any organisational position will be responsible for quality, but that there is still 
a long way to go. That is, the nature and position of people in both performance management and TQM was by no 
means clear in terms of the degree of engagement, empowerment, and contribution. 

REFERENCES 
Barry, A. (1992), Friends and Relations, Purchasing and Supply Management, June, pp. 28-29. 
Becker, B. E., Huselid, M.A. and Ulrich, D. (2001), The HR Scorecard: Linking people, strategy and performance. 

Harvard Business School Publishing. 
Capon, N., Kaye, M. M. and Wood, M. (1995), Measuring the success of a TQM programme, International Journal 

· of Quality & Reliability Management, Vol. 12 No. 8, pp. 8-22. 
Cardy, R. L. (1998), Performance Appraisal in a Quality Context: A New Look at an Old Problem, In Smither, J. W. 

(ed.), Performance Appraisal: State of the Art in Practice; San Francisco: Jossey-Bass Publishers. 
Claret, J. (1993), In pursuit of excellence, Management Accounting, Vol. 71 No. 1, January, p. 12. 

· Cottrell, J: (1992), Favourable recipe, Total Quality Management, Vol. 4 No. 1, February, pp. 17-20. 
Crosby, P. B. (1979), Quality is free: The art of making quality certain, New York: New American Library. 
Dalessio, A. T.(1998). Using multi-source feedback for employee development and personnel decisions. In Smither, 

J. W. (ed.), Performance Appraisal: State of the Art in Practice; San Francisco: Jossey-Bass Publishers. 
Deming, W. E. (1986), Out of the Crisis, Cambridge, M.A.: Centre for Advanced Engineering Study, Massachusetts 

Institute of Technology. 
Dobbins, G. H., Cardy, R. L. and Carson, K. P. (1991), Examining. fundamental assumptions: a contrast of person 

and system app~oaches to human resources management, In K. N. Rowland and G. R. Ferris (Eds.), 
Research in Person~el and Human Resource Management, Vol. 9, pp.1-38. Greenwich, CT: JAi Press. 

EFQM: European Foundation for Quality Management (1999), Total .Quality Management: The European Model for 
self-appraisal, Guidelines for Identifying and addressing total quality Issues, EFQM, Eindhoven. 

Ghorpade, J., Chen, M. M. and Caggiano, J. (1995), Creating quality-driven performance appraisal systems, The 
Academy of Management Executive, Vol.9, No.l, pp.32-40. 

Glendinning, P. M. (2002), Performance management: Pariah or Messiah, Public Personnel Management, Vol. 31, 
No. _2, pp. 161-178. 

Ishikawa, K. (1985), What is Total Quality Control? The Japanese Way, Englewood Cliffs, NJ: Prentice-Hall Inc. 
Lawler, E. E., III (1994). Performance management: The next generation. Compensation and Benefits Review, Vol. 

226 N. 3, pp. 16-19. 
London, M. and Smither, J. W. (1995). Can multi-source feedback change perceptions of goal accomplishment, self

evaluations, and performance-related outcomes? Theory-based applications and direction for research. 
Personnel Psychology, Vol. 48, pp.803-839. 

Longenecker, C. 0. and Fink, L. S. (1999), Creating Effective Performance Appraisal, Industrial Management, Vol. 
41_, No., 5, pp.18-23. 

416 



Proceedings of the 2004 IEMS Conference 

Murphy, K. R. and Cleveland, J. N. (1991). Performance appraisal: An organizational perspective. Boston: Allyn & 
Bacon 

Prince, J.B. (1996), Building performance appraisal systems consistent with TQM practices, In Knouse, S. B. (ed.), 
Human Resources Management Perspectives on TQM, Concepts and Practices, (pp. 43-56), ASQC Quality 
Press. 

· Raridell, G. A. (1994), Employee Appraisal, In Sisson K. (ed), Personnel Management: a comprehensive guide to 
theory & Practice in Britain, Oxford: Blackwell Publishers Ltd. 

Reynolds, E. (1990), The science (art) of quality audit, Quality Progress,Vol. 23 No. 4, July, pp.30-34. 
Schonberger, R. J. (1986), World Class Manufacturing, Free Press, New York, NY. 
Sinclair, D. and Zairi, M. (1995), Performance Measurement as an obstacle to TQM, The TQM Magazine, Vol.7, 

No.2, pp.42-45. . 
Snape, E., Wilkinson, A. and Redman, T. (1996), Cashing in on quality? Pay incentives and the quality culture, 

Human Resource Management Journal, Vol. 6, No. 4, pp. 5-17. __ 
Soltani, E. (2003), Towards a TQM-driven HR performance evaluation: an empirical study, Employee Relations: The 

International Journal, Vol. 25, No. 4, pp.347-370. · , 
Soltani, E., van der Meer, R. B., Gennard, J. and Williams, T. M. (2003b), A TQM approach to HR performance 

evaluation: A Questionnaire survey, European Management Journal, Vol.21, No. 3, pp.323-337. 
Start Worrying About "Not Engaged" Employees (No date), Gallup Management Journal [Online]. Available: 

http://gmi.gallup.com. [Access: March 2003]. 
Tsuda, T. (1991), Planning the quality visit, Quality Progress, Vol. 24 No. 4, April, pp.30-34. 
US Department of Commerce and Technology (1993), Malcolm Baldrige National Quality Award, US Department 

of Commerce and Technology, NIST. __ 
Waldman, D. A. (1994), Designing management system for total quality implementation, Journal of Organisational 

Change Management, Vol.7, No.2, pp.31-44. 
Wilkinson, A. (1993), Managing HUil}.an Resource for Quality, In Dale, B. G. (ed.), Managing Quality, 2nd ed; 

Prentice Hall. 
Wilkinson, A., Marchington, M- and Dale, B. (1993), Humaq Resource's Function, The TQM Magazine, Vol.5, 

No.3, pp.31-35. . 
Wilkinson, A., Redman, T., Snape, E. and Marchington, M. (1998), Managing with total quality management, 

London; McMillan Press Ltd. 

417 



Proceedings of the 2004 IEMS Conference 

PERFORMANCE CHARACTERIZATION OF THE STEREOLITHOGRAPHY PROCESS 

Id Jithavech and Gamal Weheba 
Wichita State University 

ABSTRACT 
In this paper, we characterize the performance of a Stereolithography Apparatus available at the Rapid Prototyping 
Laboratory at Wichita State University. The research utilizes a specially designed benchmark model, and 
statistically designed experiments to obtain reliable estimates of the· resulting dimensional accuracy and geometric 
errors. Regression functions are derived to assess performance in future applications. 

INTRODUCTION 
The Stereolithography (SL) process is a layering process in which an ultraviolet laser traces and solidifies the part 
profile onto the surface of a vat ofphotopolymer to build an object. Although the technique has been improved and 
evolved for its accuracy throughout the years, the technology has not yet been completely standardized. To assess 
the accuracy of SL processes, the fundamental method is the standard testing. Several researchers have developed 
standard pieces, which are also known as benchmark models that can be used to assess the accuracy of the SL 
process. However, each of these benchmark models was designed to assess different aspects of part accuracy, 
geometrical feature error or surface finish. For example, 3D Systems (Jacobs, 1996) and Shellabear (1999), each 
proposed a benchmark design to assess dimensional accuracy of SL process in x, y, and z direction and surface 
roughness. In addition, Chen, et al., ( 1999) proposed a benchmark model to evaluate the effect of the different setup 
parameters to the part accuracy namely dimensional accuracy, form errors, and surface roughness. 

Thus, the objective of this research is to assess dimensional accuracy and precision of the SL process through 
benchmark model design and analysis. The paper focuses on the dimensional accuracy with respect to part size, and 
its orientation relative to the build envelop. 

BENCHMARK MODEL 
· Benchmark selection criteria is an essential element in benchmark testing as emphasized by Chua and Leong (1997). 

It helps determine an appropriate model for testing according to specified aspects of part accuracy being evaluated. 
Chua and Leong (1997) presented benchmark model selection criteria, which includes the following three points: 1) 
the benchmark model should be relatively simple and designed with low expenditure, 2) the model should not 
consume excessive amount of material and 3) it should allow simple measuring device. · 

Benchmark Model Design 
In an attempt to characterize the SL process, the CAD file of the designed benchmark model is generated using 
Pro/Engineer 2001 solid modeling software. This model (Figure 1) is designed to satisfy the benchmark model 
selection criteria presented by Chua and Leong (1997). Thus, this model is simple and can be easily measured using 

· a coordinate measuring machine (CMM). In addition, it does not require an excessive amount of material to 
construct a part. The proposed design also represents multiple features to assess both dimensional accuracy and 
geometric errors. This model consists of 41 dimensions in X and Y-directions, 8 dimensions in Z-direction, 18 
circles, 20 perpendicular features, and numerous planar surfaces and flat areas. Further, this model is specifically 
designed with a size that approximates the SLA 250/50 maximum build envelope. This will help indicate the 
accuracy at the edges of the machine platform. 
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Figure 1: Benchmark design 

Benchmark Model Construction · 
The SLA 250/50 produced by 3D systems is used for part construction. The CAD file for the benchmark was sliced 
and prepared using 3D Lightyear ·l.l. The support structures used for the four parts were generated using the default 
settings by the software. F.or the purpose of this research, four models were built under similar conditions to reduce 
the variability caused by the environment. The setup parameters used are summarized in Table 1. Since the build 
time required for each model is 17 hours, the four models were built over four consecutive days. In addition, each 
part was allowed to drain for 20 minutes prior to the finishing process and then cured in the ultraviolet apparatus for 
90 minutes. · 

Table 1: SLA 250/50 parameters setup summary 

1 
2 
3 
4 
5 

Parameter 

Line-width Compensation 
Resin 

Layer thickness 
Zstop 
Z start 

6 Layer border over-cure 

7 Up fill cure depth 
· 8 Oown fill cure depth 

9 Layer hatch over-cure 
10 Z wait 
11 Minimum support angle 

*Default setting recommended by manufacturer. 

Setting 

0.005 inch 
RPCure 100 HC 

0.004 inch 
2.925 inch 

0.3 inch 
0.01 inch 

0.006 inch 
0.006 inch 
-0.001 inch 
30 se~onds 
30 degrees 

EXPERIMENTAL WORK AND DATA COLLECTION 
Data collection was performed using a CMM model BllM 507 from.Mitutoyo using ReinShaw ruby probe (0.0078 
inch diameter) with GEOMeasure 3000 as operating software. A randomized complete block design (Montgomery, 
2001) with 2 factors and one blocking variable was employed to evaluate dimensional accuracy and precision. To 
assess the dimensional accuracy, the selected response is the average deviation from nominaL On the other hand, for 
the dimensional precision, the sample standard deviation is chosen. ~ppendix A illustrates.the design matrix. 
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The selected controlled factors°for this experiment are part dimension at four levels (0.125, 1, 4.750 and 9.500 inch) 
and build direction at two levels (X and Y-direction). As for the blocking variable, the build order is chosen, since 
the anticipation of error caused by part aging is taken into consideration. There are four collected measurements 
within each dimension level. · 

Dimensional Accuracy 
From the analysis of variance. (Table 2), part dimension and build direction appear to have significant effect on the 
accuracy of the benchmark. In addition, the quadratic term of the model is also significant. However, the interaction 
between the build direction and part dimension does not affect the accuracy significantly. 
The derived regression models for the dimensional accuracy with respect to part dimensions (D) and build direction 
(X-Y) are: 

X-Direction: E(DNOM) = 0.00355-0.00263D+0.000158D2 

Y-Direction: E(DNOM) = 0.004629-0.00263D + 0.000 l 58D2 

Table 2: Analisis of variance for dimensional accuraci'. 
Sum of 

Source DF Mean S uares FD Prob> F 

Run order 0.0000421 30 3 0.0000140643 

Model 0.0006094 7 4 0.0001523659 70.2557 < 0.0001 

Build Directions (A) 0.00001051?2 . 0.0000105152 4.8485 0.0375 
Dimensions (B) 0.0005382346 1 0.0005382346 248.1793 < 0.0001 

B2 0.0000640145 0.0000640145 29.5170 < 0.0001 

AB 0.0000013357 1 0.0000013357 . 0.6159 0.4403 
Residual 0.0000520496 24 0.0000021687 

Total -0.0007037063 31 

As shown, both build direction and part dimension have significant effect on the resulting accuracy. The effect plot 
of part dimension (Figure 2) indicates that as the part size increases, the part accuracy·decrease significantly oil the 
average. 

One Factor Plot 
0 .004 

I 
O.Oll 

~ 
"i5 -OJXl3 . 

C 

=· ~ . . 
-0.007 . . 
-0.010 -:-

0.125 2.469 U13 7.156 9.!ilXI 

B: Dimension 

Figure 2: Build Dimension effect plot for dimensional accuracy 

Dimensional Precision 
Prior to the statistical analysis, the logarithm transformation of the sample standard deviation is performed to 

-stabilize the error variance. From the analysis of variance (Table 3), only the part dimension and its quadratic term 
have significant effect on the precision of the build. However, build direction and the interaction between the build 
direction and_part dimension appear to have an insignificant effect on the natural log of sample standard deviation. 
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Table 3: Analisis of variance for dimensional Erecision 
Sum of 

Source Sguares DF Mean Sguares Fo Prob> F 

Run Order 0.983096719 3 0.327698906 
Model 34.71157589 4 8.677893974 35.281 < 0.0001 

Build Dire~tion (A) 0.662828211 0.662828211 2.6948 0.1137 
Dimension (B) 29.41405769 29.41405769 119.588 < 0.0001 

B2 . 4.852097614 4.852097614 19.727 0.0002 

AB 0.067633181 0.067633181 0.275 0.6048 
Residual 5.903076691 24 0.245961529 

Total 41.5977493 31 

The fitted regression model for the expected sample standard deviation with respect to dimension (D) is: 

E(S) = e-s.04O+0.611D-o.04J4D
2 

That is, only part dimension and its quadratic term have significant effect on the precision of the build. The effect 
plot of the transformed response (Figure 3) indicates that, as the dimension increases, the precision is decreased 
significantly. 
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Figure 3: Part dimension effect plots: transformed response 

COMPARISON OF RESULTS 
In this section, research findings are compared to those reported by Jacobs (1996). Statistical tests are employed to 
compare reported sample average and standard deviation values in both studies._ The significance tests utilized are 
the F-tests and t-tests. First, the F-tests on the ratios between saniple variances.are performed. The results are then 
used to perform t-tests on differences between reported averages. The estimated average ( x ) and sample standard 
deviation (S) for this research were obtained using the derived regression inodels. The results are shown in Tables 4 
and 5 below. 
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Table 4: Summary ofF-test for sample standard deviation 

Research Results Jacobs' study · 

Dimension s n s n F P-value 

0.125 0.000350545 64 0.0008 160 0.192003 1.00000 

1.000 0.000607415 64 0.0011 140 0.30492 0.99999 

4.750 0.003017358 64 0.001 40 9.10445 0.00000 

9.500 0.003981867 64 0.0018 80 4.8936 0.00000 

Table 5: Summary oft-test for the dimension mean 

Research Results Jacobs' s study 

Dimension x n X n to P-value 

0.125 0.12942058 64 0.1261 160 59.893172 0.00 

1.000 1.00687418 64 1.0003 140 120.97399 0.00 

4.750 4.760083581 64 4.7493 40 26.427101 0.00 

9.500 9.543276313 64 9.5011 80 78.558397 0.00 

As can be seen, there are significant differences in sample standard deviation at the 4.59 inch and 9.5 inch levels. 
However, at all four levels of part dimension, the differences are significant as indicated by the corresponding p
values. These differences may be attributed to differences between the resins and machines used in both studies. It is 
worth noting here that the resin used in this research is RPCure 100 HC . . 

CONCLUSION· 
In conclusion, the results obtained from the dimensional accuracy and precision experiments indicate that build 
direction and part size affect the dimensional accuracy significantly. As the part size increases, both the accuracy 
and precision of the part build decrease. The.results of this research are compared with the results of Jacob's study. 
Statistical tests indicated significant differences between reported averages relative to the part dimension (size) at all 

· levels~ Differences in estimated standard deviations at the 4.75 and 9.50 levels are also found to be statistically 
significant. Moreover, further research is needed to investigate the possibilities of reducing errors by changing ·build 
parameter settings or modifying the CAD file to compensate for predicted errors. Finally, the derived regression 
models provide estimates of the dimensional and geometrical errors prior to the actual build and hence allow 
c·orrections to be made. While these findings are machine specific, the methodology used can be utilized to assess 
errors for other RP processes. · 
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Appendix A: The design matrix and observed responses 

Average 
Build deviation Standard 

Run Run Order Direction Dimension 1 2 3 4 from nominal deviation 

1 1st X 4.7500 4.7488 4.7432 4.7509 4.7431 -0.0035 0.003962 

2 1st y 1.0000 1.0023 1.0030 1.0023 1.0031 0.0027 0.000435 
3 - 1st X 0.1250 0.1270 0.1271 0.1272 . 0.1275 0.0022 0.000216 

4 1st X 9.5000 9.4922 9.4952 9.4980 9.4938 -0.0052 0.00246 

5 1st y 4.7500 4.7457 4.7495 4.7457 4.7470 -0.0030 0.001791 

6 1st y 0.1250 0.1290 0.1287 0.1283 0.1287 0.0037 0.000287 
7 1st y 9.5000 9.4933 9.4966 9'.4988 9.4956 -0.0039 . 0.002282 
8 1st X 1.0000 , 1.0019 1.0024 1.0010 1.0029 0.0020 . 0.00081 
9 2nd y 0.1250 0.1296 0.1291 0.1287 0.1289 0.0041 ·0.000386 

10 2nd y 4.7500 ~.7424 4.7451 4.7404 4.7421 -0.0075 0.001944 
11 2nd X 1.0000 .0027 1.0027 1.0017 1.0033 0.0026 0.000663 
12 2nd y 9.5000 .4872 9.4999 9.4980 9.4842 -0.0077 0.007786 
13 2nd X 4.7500 ~.7425 4.7392 4.7360 4.7492 -0.0083 0.005646 
14 2nd y 1.0000 1.0028 1.0026 1.0031 1.0031 0.0029 0.000245 
15 2nd X 9.5000 9.4811 9.4964 9.4963 9.4869 -0.0098 0.007513 
16 2nd X 0.1250 0.1279 0.1274 0.1276 0.1286 0.0029 0.000525 
17 3rd y 1.0000 1.0022 1.0027 1.0033 1.0029 0.0028 0.000457 
18 3rd X 9.5000 9.4918 9.4957 9.4975 9.4959 -0.0048 0.002421 
19 3rd y 9.5000 9.4966 9.4993 9.4977 9.4942 -0.0031 0.002142 
20 3rd - X 4.7500 4.7544 4.7372 4.7464 4.7494 -0.0031 0.00723 
21 3rd y 4.7500 4.7475 4.7495 4.7463 4.7481 -0.0022 0.00133 
22 3rd X 1.0000 1.0026 1.0029 1.0012 1.0029 0.0024 · 0.000812 . , 

23 3rd X 0.1250 0.1280 0.1281 0.1278 0.1285 0.0031 0.000294 
24 3rd y 0.1250 ·0:1297 0.1287 0.1283 0.1283 0.0038 0.000661 
25 4th y 4.7500 4.7416 4.7482 4;7410 · 4.7453 -0.0060 0.003371 
26 4th y 0.1250 0.1293 0.1280 0.1283 0.1280 0.0034 0.000616 
27 4th X 9.5000 9.4808 9.4937 9.4958 9.4887 -0.0103 0.006669 
28 4th y 1.0000 1.0017 1.0017 1.0031 1.0025 0.0023 0.000681 
29 4th y 9.5000 9.4897 9.4857 9.4959 9.4972 -0.0079 0.00539 
30 4th X 4.7500 4'.7433 4.7383 4.7456 4.7439 -0.0072 0.003138 
31. 4th X 1.0000 1.0016 1.0022 1.0006 1.0025 0.0017 0.000838 

32 4th X 0.1250 0.1276 0.1273 0.1271 0.1273 0:0023 0.000206 
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GUIDELINES FOR IM_PLEMENTING MULTIVARIATE QUALITY CONTROL CHARTS 

Said Khalidi and Gamal Weheba 
Wichita State University 

ABSTRACT 
Shewhart control charts have been used to monitor stationary and uncorrelated quality characteristics. 
Advancements in manufacturing technology· and increased complexity of products and systems raise the need to 
monitor correlated characteristics. Various charting alternatives have been proposed in the literature. This paper 
provides guidelines for implementing multivariate control charts. 

· INTRODUCTION 
Since the pioneering work of Shewhart in 1931, control charts have been successfully used to monitor process 

. performance over time. It has been a foundation for maintaining and achieving new unprecedented levels of quality 
performance. However, these are generally classified as univariate charts that can only be used to monitor single 
characteristic of a stationary process. · Advancements in technology and increased customer expectations raise the 
need to monitor correlated variables simultaneously. This requires the utilization of multivariate control charts to 
enable engineers and manufacturers to monitor the stability of their systems. Under these conditions, achieving a 
state of statistical control requires a higher level of knowledge regarding the process variables, the level of 
correlation among them, and the accuracy by which they can be controlled. The original work in multivariate 
quality control can be attributed to the early work of Hotelling in 194 7. His work paved the way for further 
developments in this field. A number of multivariate techniques have been presented in the literature. However, ' 
limited research has been conducted to address their implementation boundaries and utilization in practice. This 
paper presents an attempt to provide practitioners with guidelines for the effective implementation of the various 
multivariate control charts. 

There _are many situations where simultaneous monitoring or control of two or more correlated quality 
· characteristics is necessary. However, using independent univariate charts is not a very accurate method of 
monitoring this process. This is due to the fact that it results in an increased number of false alarms. If the process 
is in-control the probability of p (the number of variables) means plotting in-control is (i-a)P. Therefore, the joint 
probability ofa type I error is much larger (Alt,.1982; Alt 1984; Jackson, 1985). In this case a control ellipse would 
be superimposed over the data points. The control ellipse being the true region for p=2 . . The more correlated the 
variables are, the more tilted the ellipse becomes from the X and Y axes. With multivariate SPC, the probability that 
a process is completely in control is less than in the univariate case (Montgomery,_ 1996). 

MULTIVARIATE TECHNIQUES 
Underlying Assumptions 

. When using multivariate control charts, a basic assumption is made that the data follows a multivariate normal 
distribution. It is called a bh:ariate normal distribution in the case of controlling two quality characteristics (Jackson, 
1980). In addition, the collinear relation between variables should be established (Montgomery, 2001). The riext 
section provides an overview of the most popular multivariate control charts. These include, the Hotelling's T2, the 
Multivariate Cumulative Sum (MCUSUM), and Multivariate Exponentially Weighted Moving Average (MEWMA) 
control charts. 

Hotelling T2 Control Charts 
The Hotelling T2 control chart (Hotelling, 194 7) is a direct analog of the Shewhart x control chart, which is used. to 
monitor the mean vector of correlated characteristics of a process. There are two versions of the Hotelling T2

, one 
for sub-grouped data and the other for individual observation. It can be used not only in achieving a state of system 
control (phase I) operations, but also in maintaining control over the process (phase II) operations. 

Multivariate statistical process control for batch process is an extension of the corresponding univariate methods. 
The most common of these univariate techniques involves plotting sample means on separate chart with the control 
limits computed using the average movinf range of the sample means (Mason, et. al, 2001). Mason (2001) studied 
the effectiven~ss of using the Hotelling T control charts for batch (sub-grouped) processes. From his study, he 
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recommended that when the batch data are collected from the same multivariate normal distribution, the T2 statistics 
is fill excellent choice.for use in detecting outliers. When the batch data are collected from multivariate normal 
distributions with different mean vectors, the translation of the different batches to a common origin again allows 
the usage of the T2 statist.ics to identify outliers. Translation to a common origin involves the subtraction of 
individual batch mean vectors from the corresponding batch observations. 

In some industrial situations as chemical and pro.cess industries it is either impractical or difficult to obtain a 
subgroup · size of more than one unit. Since these industries frequently have multiple quality characteristics that 
must be monitored, Hotelling T2 control charts with n= 1 would be of interest. 

The objective of performing multivariate statistical process control is to monitor the process over time in order to 
detect any unusual events. It is essential to be able to track the cause of an out-of-control signal to maintain 
acceptable levels of quality and allow for process improvement (Kourti and MacGregor, 1996). However, the 
complexity of multivariate control charts and the cross-correlation among variables makes it difficultto analyze 
assignable causes leading to the out-of-control signals. 

Several techniques have. been developed that assist in the interpretation of out-of-control signals. Discrimi_nation 
analysis allows the distinguishing of in-control vtables from out-of-control variables in order to determine where 
assignable· causes of variation are occurring. This is particularly useful with the T2 control charts. This analysis 
works by partitioning the multivariate control ch based on the contribution of each variable and superimposing 
x chart of univariate statistics on top of the multi~ariate chart. This is referred to as a multivariate profile chart 
(Mason et al, 1997). There are also graphical solutions to interpretation difficulty. Polyplots and multivariate control 
webs superimpose univariate statistics on multivariate statistics so that the user can test trends in individual statistics 
and realize how they affect other variables (Lowry and Montgomery, 1995). · 

Principal component analysis (PCA) is another reliable technique to interpret out-of-_control signals. The basic 
concept of the technique is to break up the T2 statistic into a sum of its principal components. Then these 
components can be examined to understand why the process is out-of-control (Mason et al, 1997). The newest way 
to accomplish this is to express the T2 statistic as the normalized principal component of the multinormal variables. 
Hence, when an out-of-control signal is re.ceived, components with abnormally high values are detected. Plots of 
these variables can be used to determine exactly what occurred in the original sets of data that contributed to the ' 
signal in the multivariate set of T2 statistics (M~sQn et al, 1997). 

Another method of interpreting out-of-control signals is to view the corresponding univariate charts of a multivariate 
process to determine which statistic is causing the assignable cause of variation. Although this is a simple and 
reasonable way of analyzing out-of-control data, there are some concerns associated with the adaptability of this 
technique. First, when there are many variables being nieasured, this technique tends to get tedious since there 
would be many univariate charts to interpret. Second, in multivariate quality control, an out-of-control signal is 
usually not caused by one variable, but rather a f\mction of several correlated variables due to their interdependent 
behavior. Therefore, in many circumstances, the respective univariate charts may show no signs of being out-of
control; however, multivariate charts would (Kourti and MacGregor, 1996; Mason et al, 1997). The best 
recommendation for using this technique is to understand that there are other effective interpretation techniques that 
could be use with thi.s technique to perform a better analysis of the out-of-control signals.' the user should not be 
limited to this technique simply because it is an obvious and simple approach to the interpretation. Several other 
techniques are also described in Mason et al, (1997) which help interpret out-of-control signals from multivariate 
charts. Runger (1996) proposed another very useful approach to diagnose out of control signals. It includes the 
composition ofT2 statistic into components that reflect the contribution of each individual variable. !he variable 
with the relatively higher contribution to the overall statistic should be the focus of attention. 

Following the same sensitivity of the Shewhart x control chart, the Hotel1ing T2 is more efficient in detecting larger 
process shifts. However, Mason and Young (1999) introduce a modification procedure for the Hotelling T2 control 
charts in order to enhance the sensitivity towards detecting small process shift. 

Multivariate EWMA Control Charts 
Developed by Roberts (1959), the scheme of the EWMA chart is similar to the moving average chart and could be 
extended to multivariate quality control problems (Montgomery, 2001). Shewhart control chart has been th~ 

425 



Proceedings of the 2004 IEMS Conference 

traditional implement for detectmg larger shifts in the process mean. Prior research has shown that for the univariate 
case, the EWMA is more effective than Shewhart control charts in detecting smaller shifts in the process mean. 
When p measurements from each _item are desired, these univariate control charts ignore the dependency among the 
p variables. For this reason, several different types ofMEWMA control charts have been developed. 

The MEWMA control chart accumulates information from past observations making it sensitive to shifts in the 
variance as well as shifts in the mean. It allows the user to specify weights for each variable being measured. 
Although MEWMA is commonly used for controlling a multivariate process mean, Alt and Smith (1988) proposed 
three control charts for monitoring the covariance matrix which is analogous to the variance of EWMA 
(Montgomery, 2001). Prabu and Runger (l997) have provided a thorough analysis of the average run-length 
·performance of the MEWMA control chart. 

Muitivariate CUSUM Control Charts · 
Cumulative Sum chart was first developed by E. Page (1954) to detect slight but sustained shifts in the process level. 
The CUSUM is constructed for monitoring the mean of a process, they can be constructed for both individual 

· observations n=l and the averages of rational sutoups n > 1 (Montgomery, 2001). · 

Several multivariate CUSUM charts have been gi en in the literature, including two by Crosier (1988). The first is 
simply the square root of the T2 statistic. The cho ce of this rather than a CUSUM of the T2 is based on forming a 
CUSUM of distance rather than CU SUM of squJed distance. The other approach given by Crosier ( 1988) was to 
use a direct multivariate generalization of a univaniate CUSUM (Ryan, 2000). 

Smith (1987) developed a MCUSUM procedure, based on the likelihood ratio test, which is used to study shifts in, 
the mean vector ofa multivariate normal process. The procedure is-adapted to study.shifts in the covariance matrix 
of a multivariate normal process and to study shifts in the probabilities of a multinomial process. Because of its 
cumulative nature, this method is much better at detecting small shifts in the covariance matrix. It continues to 
operate well .for large shifts in variabiiity. 

When :a trend occurs on one direction of the target mean and a resulting shift occurs in the other direction, the 
MCUSUM chart will not detect the shift immediately. A combination ofMCUSUM cqart and Hotelling limits will 
improve the chart sensitivity to large shifts (Lowry and Montgomery, 1995). 

PROPOSED IMPLEMENTATION GUIDELINES 
Advancements in technology and increased customer expectations for improving quality and reducing cost raise the 
need to monitor correlated variables simultaneously. This requires the utilization of multivariate control charts to 
enable engineers and practitioners to monitor the stability of their processes. However, limited research has been 
conducted to address their implementation boundaries and utilization in practice. The following Figure is hoped to 
provide practitioners with guidelines for the effective implementation of multivariate control charts covered above. 

LIMITATIONS 
One of the limitations ·of multivariate control charts is that they work well when the number of process variables is 
not too large i.e., less than ten. As the number of variables grows, multivariate control charts lose efficiency with 
regard to shift detection. A popular approach in these situations is to reduce the dimensionality of the problem by 
applying principal components analysis (Montgomery, 2001 ). In addition, MEWMA charts can be designed to have 
excellent performance in detecting ~ustained shifts in the mean. Moreover, with Shewhart charts, the use of 
averages of subgroups substantially improves control chart performance. However, this doesn't always happen with 
the MCUSUM (Montgomery, 2001). 
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Multivariate control charts can be utilized in cases where the quality measurements follow the multivariate normal 
distribution, and monitor the process performance over time. These charts include the Hotelling T2,.the multivariate . 
exponentially weighted moving average (MEWMA), and the multivariate-cumulative sum (MCUSUM) chart. In 
addition, can also be used to indicate when quality characteristics.change. In univariate statistical process control, a 
signal is produced when a new observation does not confirm to the structure that is established by the historical data 
(phase I). Through the use of appropriate control charts, it is possible to determine if this signal is due to a shift in 
the process mean and/or to a shift in the process variation. Since there is only a single variable to consider, thus 
signal interpretation is usually straightforward. ·However, in multivariate statistical process control, a signal can be 
caused by a variety of situations. These include, out of control behavior of a signal variable, a relationship between 
two or more, or a combination of the two cases. 

The increasing demand for less variability raises the need to monitor correlated variables simultaneously. A number 
of methodologies were developed to provide a clear procedure for interpreting the out of control signals in the case 
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of multivariate control charts. However, limited research has been conducted to address their implementation 
boundaries and utilization in practice. In this paper, guidelines for the effective implementation of some 
multivariate control charts were provided in order to enable engineers and practitioners to monitor the stability of 
their processes and improve quality. They can be used to indicate changes in the process average and detect 
conditions leading to out-of-control performance. 
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ECONOMIC DESIGN OF CONTROL CHARTS: A REVIEW OF RECENT DEVELOPMENTS 

Gamal S. Weheba and Tamer A. Mohamed 
Wichita State University 

ABSTRACT 
The economic design of control charts is aimed at minimizing the long-term cost of operating a process. Typically, a 
cost function is developed in terms of pertinent cost and process parameters then, optimized to determine the sample 
size (n), the sampling interval (h), and the width coefficient (k). Over the last decade, a number of developments 
have been reported in the modeling approach. Research efforts have addressed different process models, failure 
mechanisms, and cost elements. While some authors utilized formal optimization techniques, others recommended 
heuristics in solving the resulting models. This paper represents a review of related publications from 1993 to 2003 
and proposes new directions for future development. 

INTRODUCTION 
Statistical process control (SPC) is an effective alroach for improving prod. uct quality and save production co. st in 
any particular process. In the 1920s Dr Shewhart resented the first control chart to be used for process monitoring. 
Since then, it was developed and widely used as important tool in statistical process control. The main function of 
the control charts is to detect the occurrence of as ignable causes that may re~ult in a process shift. And thus the 
necessary corrective action can be taken before large amount of non-conforming product is manufactured. .The 
design and operation of control charts require the determination of three design parameters: the sample size (n), the 
sampling interval between successive samples (h), and the width coefficient of the control limits (k). The most 
common design in practice is the heuristic approach that was suggested by Shewhart (1939) in which n = 5, k = 3, 
and h = lhour are used. Although this design is simple to implement, it results in poor statistical characteristics with · 
respect to a and ~ risks. Besides, it is not the_ optimum chart design from the economics poirit of view. Instead, three 
other design approaches were proposed in the literature: These are economic, statistical, and economic-statistical 
approaches. 

The economic design was first introduced by Duncan (1956), where the objective is to minimize the total costs when 
a single assignable cause exists. It requires the user to estimate a number of process parameters as well as cost 
parameters and result in a design that is ecqnomically optimal. The statistical'approach satisfies constraints only on 
the Average Run Length (ARL) without consideration of cost and process parameters. Thus, shift wUl be caught 
rapidly and false searches and improper adjustment will be avoided. This will result on high quality product or 
service (McWilliams et al (2001)). Finally, the economic-statistical design is an approach that was first introduced 
by Saniga (1989) in which an economic design is enhanced by a number of constraints on ARL (type I and type II 
error probabilities) or Average Time to Signal (ATS). This design again requires estimation of process and cost 
parameters in addition to the desired level of ARL and the shift against which protection is required. Saniga (1989) 
indicated that the economic-statistical designs are comparable with the statistical design in terms of statistical 
properties however they can be more economical to use. 

The next section, presents the economic/economic-statistical models developed for the design of control charts. 
Comparison of these models is shown in the summary section with an illustration for the limitations against practical 
implementation. 

ECONOMIC/ECONOMIC-STATISTICAL MODELS 
Duncan's Model 
In 1956, Duncan has proposed the first economic model for the optimum design of the x -control chart. It assumes 

- that the occurrence time of a single assignable cause has an exponential distribution; the process is not shut down 
during searching for the assignable cause. In addition, the cost-of adjustment or repair and the cost of bringing the 
process back into a state of control after an assignable cause is discovered will not be charged to the control chart. 
His model was the first to deal with a fully economic model of a Shewhart control charts, and include optimization 
technique to determine the optimal control chart parameters. Duncan's model dealt with using the control chart to 
maintain the control of the process. The main concern of his model is to determine the design parameters of the 
control charts that will maximize the process net income per unit of time. 

429 



Proceedings of the 2004 IEMS Conference 

Duncan's early work was the stimulus for much of the research in this area. Numerous researches were conducted to 
investigate optimization methods, model sensitivity, and application to other Shewhart control charts. A biblio
graphy of the related publications from 1970 to 1980 is available from Vance (1983). Montgomery (1980) presented 
an extensive review of the literature in the area up to 1980. In his book, Montgomery (1991) presented a review of 
several aspects of the economic design of control charts. Svoboda (1987) collected and gave a brief summary of 
economic designs for the period from 1979 to 1987. Another recent review of publications in this area was presented 
by Ho and case (1994). 

Alexander et al., (1995) embellished Duncan's single cause cost model with Taguchi's loss function in order to 
incorporate losses that results from inherent variability. Although Duncan applied a penalty cost for operating out of 
control, there was no recommendation to the approach by which this cost can be obtained or quantified. This was 
presented and evaluated by Alexander et al., (1995) in their model. From the sensitivity analysis, they found that n 
increase and h decreases to a steady state values as the frequency of process shift decreases. The rate of convergence 
to the steady state values depend on the cost of searching for an assignable cause, the higher this cost, the slower the 
rate of convergence. In addition, they indicated that n and h have to be adjusted based.on the size of the process shift 

that is investigated. For a smal. l process shift., lar~. r values of n. and h are required; however for large shift, they 
recommended a small value for n and h to be use . Following the work of Alexander et al., (1995), Chou et al., 
(2000) used the Burr distribution to obtain a stati tical minimum loss design of x -control charts in the case of non
normal data. In their model, Alexander et al., (19 5) loss model was used as the objective function which needs to 
be minimized and the cumulative function of the :Burr distribution was applied to represent various non-normal 
distributions. Through the sensitivity analysis,they found that small values of the skewness coefficient(< 0.4) have 
no significant effect on the optimal design. However, as the skewness coefficient increases (>0.4) slight increase in 
n, h, and k will occur. On the other hand, an increase in the kurtosis coefficient results in an increase inn and k. , 

Castillo and Montgomery ( 1-996) presented an economic model for obtaining the optimal design parameter of x -
control charts used for statistical monjtoring of a process where the production runs have finite (long/short) duration. 
This model is considered a generalization of Duncan's single cause model, which has an infinite length of 
production runs and perfect setup. The model considers the effect of the setup operation on the control chart design. 
They found from the sensitivity analysis that the model. provides a mechanism for justifying the setup improvement 
investment for the production managers. In addition, they found that the probability of having a correct setup, the 
length of production run, and the power of the control chart are reiated parameters, i.e. for short runs and good setup, 
their analysis recommends using a low-power chart design. 

Parkhideh and Parkhideh (1996) generalized Duncan's model where run rules are used. In addition, the zone widths 
are not fixed a priori but determined by economic optimization. The proposed model can determine the optimum 
combination of run rules that should be used to optimize the cost of operation. Using illustrative example, Parkhideh 
and Parkhideh showed that the appropriate use of run rules and flexible zone design in the economic design of x -
control charts could result in significant cost savings and less frequent false alarms. Their results were compared to 

. that of Duncan (1956). 

In 1997, Chen and Tirupati based their study on Duncan's single cause model. They focused on relatively stable 
systems in which the expected ·time between shifts to out-of-control state (1/A)is large in comparison to h. Also, 
they assumed that the time to find the assignable cause and restore the process small relative to 1/A, and the unit 
inspecti9n time is negligible. Using the above simplifying assumptions on Duncan's model, they suggested that the 
optimal n and k of the x -control charts· are independent of both the penalty for operating in out-of-control state 
and the process failure rate A. They also suggested that n is determined primarily by the shift magnitude 8 and 
should be sufficient to discriminate between the process states, and that h is directly influenced by A and the penalty 
ofoperating in the out-of-control.state. Computational results enforced the validity of the above suggestions. 

'In 2000, Costa and Rahim used the Weibull distribution to model the occurrence time of assignable causes for the 
economic design of x -R charts. They used a non-uniform decreasing sampling scheme to incorporate the effects 
of process deterioration, and a two-step search procedure was employed to determine the economically optimal 
design parameters. They modified Duncan's (1956) cost model to be used for the economic design of x -R control 
charts with non-uniform sampling scheme. A sensitivity analysis of the model was conducted and the cost savings 
associated with the use of non-uniform sampling interval instead of constant sampling interval were evaluated. From 
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the sensitivity analysis, they found there is a significant cost penalty when using a uniform sampling scheme 
( exponential cost model) versus a non-uniform sampling scheme (Weibull cost model). In addition, when the scale 
parameter increases and the shape_parameter decreases, h will decrease while n and the cost will increase. Finally, 
they found the optimal economic design is very sensitive to the value of the shape parameter. 

Chou et al (200l(a)) developed an economic design model of x- chart for non-normally correlated data. In their 
model, they used Duncan's single cause model as an objective function. Using the Burr distribution to represent 
various non-normal distributions and Yang and Hancock's (1990) correlation model, type I error probability as well 
as the power of the chart were modified. A sensitivity analysis was conducted to study the effect of non-normality 
and correlation coefficient on the optimal design of the chart. This was done in case of independent data as well as 
highly correlated (positive/negative) data. 

In 2001(b), Chou et al., dev~loped .an economic statistical design ~f x -control charts for monitoring a process 
under non-normally distributed data. They again used Duncan's single cause model as the obJective function and the 
Burr distribution to represent various non-normal distributions. From the sensitivity analysis they found that the 
skewness coefficient of the underlying population has ne effect on the optimal n. However, a large value of 
skewness coefficient leads a slightly smaller h and k. In addition, increase in the kurtosis coefficient results in an 
increase in n, a slight increase in h, and a wider k. 

Chou et al., (200l(c)) developed the economic model of x -control chart for correlated data. Duncan's single cause 
model was used as the objective function. The correlation model given i_n Yang and Hancock (1990) was applied to 
derive the error probabilities of the x -control chart. From their analysis, they found that highly positive correlated 
data results in a smaller n, hand k. Also, the power of the chart decreases as the value of the .correlation coefficient 
increases. On the other liand, highly negative correlated data result in smaller n and k; however, the h _was not 
significantly affected. 

Chen and Yang (2002) developed an economic design of x -control chart assuming a Weibull distributed failure 
mechanism. When there is a possibility of occurrence of multiple assignable causes, they assumed that once an 
assignable cause occurs, no further assignable cause will occur. In their model, the Weibull distribution was used to 
simulate various situations by varying its scale and shape parameters. They extended the time of occurrence o,f 
assignable causes in Duncan's multi-cause model from exponential distribution to Weibull distribution. 
Comparisons between a multi-cause and single cause models showed that the former provides a lower loss cost than 
the latter when the process has an increasing hazard rate. 

Knappenberger and Grandage's Model 
In 1969, Knappenberger and Grandage proposed a model for the economic design of x - control chart. Their model 
differs from Duncan's in that it deals with (s) assignable cause and not single assignable cause. This means that 
there will be no constraints on the number of assignable causes and that the process can shift from one out-of-control 
state to another, as long as the shift results in further quality deterioration. In addition, it minimizes the expected cost 
per unit produced rather than the expected cost per unit time. It also assume4 that the process is stopped during out
of-control signals investigation. 

Nikolaidis et al.~ (1997) noted Knappenberger and Grandage approach does not differentiate between the steady 
state probabilities at the time of a sample before and after the corrective action. Thus, they concluded that such 
approach was not accurate and leads to a series of overestimation of the true average cost. Consequently, a sub 
optimal control chart design with substantially higher cost than the minimum was obtained. In their paper, they 
presented modifications that can be applied to Knappenberge~ and Grandage's (1969) model in order to account for 
the effect of restoration after a chart signal. They performed their modifications for the joint design of x -R control 
charts. They found that the exa-ct solutions are characterized.by lower sampling rates n/h and lower cost, whereas the 
control limits for both charts do not change significantly. The cost improvement in their case was between 8% and 
12%. 

Lorenzen and Vance's Model 
In 1986, Lorenzen and Vance presented a general method for determining the economic design of control charts that 
can be applied to all control charts regardless of the statistic used. They used a different approach than those above. 
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The basic feature of their modeling approach is that it is based on the in-control and out-of-control ARLs rather than 
a and '3 risks. The main objective of their model is to minimize the expected total cost per hour. This _model has the 
advantage of allowing other control charts to be incorporated simply by changing the probability distribution 
function that generates the ARLs. The two major assumptions are that the in-control time is distributed as negative 
exponential distribution with mean (1/A.), and that only single assignable cause of a known magnitude can affect the · 
process. 

Banerjee and Rahim (1988) proposed a cost _model that uses a Variable Sampling Interval (VSI) in the case of 
Weibull distributed failure mechanism. Lorenzen and Vance's model was used taking into consideration the nature 
of the Process Failure Mechanism (PFM). Rahim and Banerjee (1993) extended their original model to a case of 
general distribution of the in-control periods having an increasing failure rate and early replacement criteria. In their 
model, economic benefits were achieved by using a non-uniform inspection scheme and by truncating the 
production cycle at a certain age. The focus of their study was to propose a manner by which the frequency of 
sampling is to be regulated, while taking into account the underlying probability distribution of the in-control period. 

_ They found from the sensitivity analysis that incorrect specification of the failure model can result in misleading 
values of design parameters and expected total cit. 

McWilliams (1994) presented a com_euter progra that enables users to determine economic, statistical or 
economic-statistical designs for the x - control c arts. The program offers an economic design option based on 
Lorenzen and Vance's cost model. It allows inco orating various process models regarding the continuation of 
production during the search for assignable _causes and process repairs. 

Montgomery et al., (1995) presented a statistically constrained economic model for the optimal design of the 
Exponentially Weighted Moving Average (EWMA) control chart that is used to control the process mean. The 
optimal design includes the weight in addition to the original 3 design parameters. The procedure includes 
minimizing a total cost function proposed by Lorenzen and Vance (1986) after adding statistical constraints on ARL 
or ATS. A sensitivity analysis showed that t~e cost is :more sensitive to smaller out-of-control bounds of ATS or 
ARL, but relatively insensitive to larger bounds. They reported that adding additional statistical constraints does 

· somewhat increase the cost of operating EWMA control chart but provides better protection against process shift 
sizes which are not expected. 

Yang (1998) presented an economic statistical constrained model for the optimal design ofS control charts in order 
to control process variability. This model was based on Lorenzen and Vance's (1986) model after embellishment 
with Taguchi's loss function. In developing his model, Yang established statistical constrains on Type I and Type II 
error probabilities of the control chart as well as on the ATS. He found that economic statistical design have larger n 
and smaller k than that of the economic design. In addition, the frequency of false· alarms and the time to detect the 
assignable cause were significantly reduced by restricting the solution space. Using sensitivity analysis, he found 
that the loss is more sensitive to bounds on ~ and smaller bounds on ATS, but relatively insensitive to bounds on a. 

Molnau et al., (2001) used economic statistical design approach in the design of Multivariate Exponentially 
Weighted Moving Average (MEWMA) control charts. They numerically determined the optimum design parameters 
of the chart with constrains on ARL. Lorenzen and Vance's (1986) cost .function was used as the objective function. 
They reported that the ARL constrains added can significantly improve the statistical properties of the control chart. 

Linderman and Choo (2002) realized that there has been limited success in the implementation of economic design 
of control charts in industry. They developed the concept of robust economic design of control.charts where multiple 
economic and process scenarios are considered in the chart designs. The robust economic design minimizes the cost 
of.a design while at the same tim~ takes into consideration the uncertainty in the production environment. It selects 
compromised design.parameters that perform well across a variety. of scenarios using economic and statistical 
'criteria. In their_model, they extended Lorenzen and Vance's approach to allow the consideration of multiple 
scenarios. They suggested that this technique would promote and facilitate further understanding of industrial 
implementation of economic design approach. 

-Chen and Yu (2003) used Lorenzen and Vance's ( 1986) model to determine the optimal design parameters of an 
MA control chart assuming multiple assignable causes. Two major elements are considered: the expected cycle 
length and the expected loss-cost generated in a cycle. A search technique was applied to find the optimum n, h, and 
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k to minimize the total loss per ~t of time. They concluded that the economically designed MA control charts has a 
lower cost than that of conventional (n = 2, k = 3, and h = 1 Hour) MA control charts which can help to reduce 
quality cost in production. 

Integrated Models · 
Rahim (1994) developed an economic model for the joint determination of production quantity, inspection schedule, 
and control chart design parameters for a production process, which is represented by a Non-Markovian process 
failures model. In his model, the cost components are: production setup cost, inventory holding cost, and the cost of 
maintaining the x -chart. Hence, the production quantity, inspection schedule, and the chart design parameters are 
determined. Rahim's model segment that illustrate the ec~riomic design of control charts is very similar to that of 
Duncan's single cause model, with respect to the cost elements considered, however it differs with respect to the 
following assumptions: 

The duration of the in-~ontrol period is assumed to follow an arbitrary probability distribution having· an 
increasing hazard rate. 
The process is monitored by drawing random samples of size n at time h1, h 1 + h2, h1 + h2 + h3 ••• where h 1 ~ 
h2 ~ h3 ••• and so on. 
The production cycle ends after a pre-specified amount of time, tm, or with a true alarm. 
The production ceases only if the process is found to be out-of-control 

Although Rahim's model is similar to that of Duncan's, the authors preferred to locate his model in a separate 
section due to the fact that it allows the possibility of integrating process control activities with different production 
aspects. This includes inspection schedule and inventory control. In addition, this model is a comer stone by other 
researches in this area. · 

Rahim and Ben-Daya (1998) generalized the above model to include cases where production ceases not only after a 
true alarm but also for a fixed amount of time to search for an assignable cause in case of false alarms. This makes. 
the model more realistic and reflective of situations in which failures have serious consequences on safety. In 
developing their model, Rahim and Ben-Daya determined simultaneously the near optimal production run time tm * 
and near optimal design parameters of the x -control chart. They regulated the frequency of sampling and proposed . 
an optimization procedure. By regulating the frequency of sampling, the sampling intervals are interrelated. . ' 

Ben-Daya (1999) presented an integrated model for jointly assessing economic production quantity, x -c~~trol 
chart design parameters, and the optimal·maintenance level. This model is different from that by Rahim (1994) in 
the following: 

Production ceases whenever preventive maintenance (PM) activities are carried out with quaHty inspection 
during the in-control phase for a specified amount of time. 
If PM is not performed, the time to search for assignable causes is assumed to be negligible. 
If inspection shows that the process is out of control, production ceases until the accumulated on hand 
inventory is depleted to zero. If the process is found to be in control, production continues. 

From the proposed model, Ben-Daya found that PM activities reduce the shift rate to the out-of-control state, and 
decreases. the total cost. 

Cassady et al., (2000) combined control charting and prev~ntive maintenance strategies· for a process, which shifts to . . 
an out-of-control condition.due to equipment failure. An x - chart was used in conjunction with an age-replacement 
preventive maintenance policy. This economic model involves the costs associated with a manufacturing process 
that is affected by quality control and maintenance planning. These costs are: the cost of poor quality, the cost of 
inspection, and the cost of downtime. Simulation approach was used for cost optimization based on Evolutionary 
Algorithms. One such algorithm is the Genetic Algorithm. The results showed that the implementation of combined 
control strategy has superior economic performance that can help to cut down the operating costs associated with 
manufacturing processes. · 

The above studies (Rahim 1994, Rahim a.nd Ben-Daya .1998, and Ben-Daya 1999) devoted considerable attention to 
the simultaneous effect of a deteriorating process on the economic production quantity, inspection/maintenance 
schedules, and the design of control charts. Rahim and Ben-Daya (2001) were the first to study the simultaneous 
effect of product quality and production proces.ses performance on the Economic Production Quantity (EPQ), 
inspection schedule, and chart design. · 
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The total expected cost of the model consists of the setup cost, the expected quality control cost, and the expected 
inventory control cost. Deterioration time of both process and product were assumed to follow Weibull distribution. 
The expected quality control cost per cycle is the same as that by Rahim (1994) model. From the study they found 
that increasing the value of the scale parameter and decreasing the value of the shape parameter, while keeping the 
mean time to process failure and all other parameters constant result in a design with higher expected cost. In 
addition, an exponential deterioration of product quality results in higher cost but in a lower production cycle than 
the Weibull product quality deterioration. 

Lam and Rahim (2002) presented an mtegrated model for the joint -economic design of x -control charts and 
maintenance schedules and simultaneously determines EPQ and production run length for a deteriorating production 
systems. This model was intended to bring together concepts of production planning, maintenance implementation, 
and quality control into an integrated decision process. The model includes the total maintenance and replacement 
costs instead of preventive maintenance costs as in Ben-Daya (1999) model. They provided a sensitivity analysis of 
the model in order to study the effect of various model parameters (8, scale parameter, shape parameter, search time, 
sampling costs, are some parameters to name a few) on the decision variables and cost function. The study shows 
that misspecification of the cost and process parameters could result in misleading values of the decision variables. 

Proactive Models 
Weheba (1996) presented a proactive approach for developing a more elaborate cost model capable ofreflecting the 
values of continuous process improvement in achieving economic operation. He developed the cost model with due 
considerations of the quadratic loss concept as a measure of process quality. Most of the available models for the 
economic and/or economic-statistical designs of control charts were developed to maintain the current level of 
process quality. However, this model provides economic design of control charts that can be used to improve the ' 
process level. The model accounts for the economic impact of poor quality on process lead-time and throughput, as 
strategic dimensions ignored in traditional models. The model was developed to include two major cost elements. 
One was termed reactive cost, which provides estimate of the quality related costs incurred at a given stable level of 
the process These include the process monitpring cost, product inspection cost and the loss due to deviation from the 
part design target and delivery schedule; The second element considers the cost of attaining an improved level of the 
process quality, and hence was termed proactive cost. This element accounts for the cost of conducting planned 
changes to the stable process as part of continuing efforts for improvement. The Deming cycle was assumed as the 
model for continuous improvement and a production progress curve was utilized in estimating the expected cost. 
Using incremental economics, the two cost elements were assembled to form the net present cost function. The 
resulting function relates improvement cost to 'important process aspects including the ARL of the control chart. 

The optimization procedure is based on partial derivatives of the cost function with respect to the sampling interval 
h and the sample size n. The control limit factor k was held constant to constrain the probability of false alarms. An 
application of the cost model for the economic design of the x-control chart was presented and its performance over 
a wide range of process parameters was investigated. 

SUMMARY 
The economic models presented above offer a methodology for the analytical determination of the control chart 
design parameters. Traditionaliy, quality practitioners were advised to use either the heuristic or the statistical 
approach for the selection of the sample.size and the control limit width (Montgomery, 1991). Tl.le sampling 
:frequency is not treated analytically and practitioners are advised to consider such factors as the production rate and 
the process failure mechanism. The economic design approach provides means for the simultaneous selection of 
these parameters. Duncan's (1956) model has been credited as the first to include the sampling interval as a decision 
variable. In his single and multiple cause model [1956, 1971], Duncan assumed a continuous process. A process that 
is allowed to operate while investigating causes of variation and making adjustments. It is also assumed that once a 
shift has occurred, the process will remain in that state until detected. The multiple cause model associates a process 
-state with each assignable cause and allows no transition. Hence the model has more unknown parameters that the 
user must estimate to obtain an optimum design. Knappenberger and Grandage (1969) assumed an interrupted 
process model in which production is stopped while investigating action signals and repairing the process. Unlike 
Duncan's model, transition between the different process states is allowed provided that it results in further quality 
deterioration. They also assumed that the process average in the out-of-control state is a random variable with 
known a priori distribution. In the third model, Lorenzen and Vance (1986) made no specific assumption regarding 

· the process niodel. They used the in-control and out-of-control ARL' s rather than a and J3 risks in formulating their 
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-model. This allows the incorporati~n of control charts other than the x-chart by changing the probability 
distribution that generates the average run lengths. Finally, the model ofWeheba (1996) includes the cost of process 
improvement and does not require estimation of parameters while in the out of control state. This made the model 
more realistic for implementation. Furthermore, the model considers the effect of different process parameters that 
were left in other models. 

The literature provides strong evidence for the benefits of applying economic or economic-statistical approaches in 
the design of control charts. However, a number of limitations were summarized by Montgomery (1980), Woodall 
(1984,1986, and 1987), and Keats, et al., (1997). Based on the review of the ofliterature presented in this paper, the 
following observations can be made: 

First, a majority of the cited re.search represents ramification or extensions of Duncan's original model. This resulted 
in models for maintaining levels of performance and the need to•foodel the process failure mechanism. An important 
implication of this is the need to estimate the cost of operation in the out-of-control state. This is by far the most 
difficult requirement. The authors believe that thi's represents a barrier for practical implementation. 

Second, while the cited models draw significant apention to statistical theories and optimization techniques, limited 
efforts have been made to incorporate sound economic principles. The loss cost in manufacturing is represent simply 
by the· difference between the cost of operation in \the in-control and out-of-control states. This resulted in models 
that mask small shifts in process level and focus or preventing defectives not minimizing variation. Most of the 
cited models are developed to maintain the curren level of process quality, limited attempts were made to capture 
the return on investment from process improvement initiatives and the time value of money. 

Third, limited attempts have been made to provide designs for variable sampling intervals and higher sensitivity 
charts (VSI, CUSUM, and EWMA control charts). Efforts to integrate various aspects of the manufacturing pro~ess, . 
which resulted in a set of integrated models, rep~esent a good step towards reality. However,. these proposed models 
are more complex and require much larger number of parameters to be estimated. This adds to the difficulties in 
using the proposed models in practice. Although, some authors presented computer programs to facilitate the model 
implementation, no significant evidence shows that these efforts increased the level of implementation. 

NEW DIRECTIONS 
Despite the research efforts cited over the last decade, there appears to be a need to address the limitations 
mentioned above. The approach for modeling the cost of operation needs to be modified to support efforts to reduce 
process variability. The utilization ofT~guchi's loss function is one po·ssibility. Another approac:ti may require 
modeling the costs associated with type I and type II errors only. This may be considered as imposing economic 
constraints on the statistical design. In addition, a number of steps needed to be taken towards simplifying the 
proposed models and the solution algorithms used to obtain optimum designs. The authors are addressing these 
approaches in their on going research. 
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A PRELIMINARY ASSESSMENT OF THE IMPACT OF THE NEW AACSB ACCREDITATION 
STANDARDS ON BUSINESS PROGRAM QUALITY IMPROVEMENT 

Amin A. Elmallah 
Cali_fornia State University, Stanislaus 

ABSTRACT . 
On April 25, 2003, members of AACSB International-the Association to Advance Collegiate Scpools of Business 
approved a new set of accreditation eligibility and initial business accreditation standards. 

AACSB was founded in 1916. The first a~creditation standards were adopted in 1919. The 1919 standards were 
heavily quantitative in nature and included specific curriculum core coverage which was known as the Common 
Body of Knowledge (CBK). Additional accounting programs accreditation stand3:rds were first adopted in 1980, to 

. address the needs of the accounting profession and accounting education. The business accreditation standards were 
revised in 1991, to focus on a mission driven accreditation process. In addition to the adoption of the new 2003 
standards, a new process was also approved, requiring annual reporting and a 5-year accreditation maintenance 
review. AACSB continuously reviews its standards for opportunities to improve and adapt to changing 
environment. 

Many' schools are currently in the accreditation process, either in the accreditation eligibility phase, or candidacy 
phase, or have begun the process of initial business accreditation. This preliminary comparison and analysis is 
designed to assist these schools in the transition from compliance with the 1991 standards to the compliance with , 
new 2003 standarcls. 

This preliminary draft paper includes three sections: an introduction, an overall comparison, a standard by standard 
comparison and a final section of conclusion _and recommendations. 

INTRODUCTION 
This preliminary comparison and analysis assesses the impact of the newly approved AACSB International-the 
Association to Advance Collegiate Schools of Business accreditatipn standards. AACSB membership approved the 
new standards at its annual meeting in April 2003. The new standards were developed after thorough and long 
examination.of accreditation standards, lessons learned from accreditation experience, and the need to account for 
the rapidly changing business environment. Several drafts of the proposed standards were widely published and 
discussed at many annual and regional AACSB conferences and meetings. 

The new business accreditation standards are grouped into three main sections: 
• Strategic Management Standards 
• Participants Standards . 
• Assurance of.Learning Standards 

An introductory section detailed separate accreditation eligibility standards. 

Based on CSU Stanislaus recent successful experience in achieving AACSB Accreditation, this preliminary analysis 
will attempt to assess the differences between 1991 and 2003 standards and how the new standards may result in the 
improvement of the quality of busin.ess programs. This research will also attempt to present recommendations to 
schools and programs seeking AACSB accreditation on how to approach the transition from the old to the newly 
approved stand~ds. 

AACSB accreditation is voluntary, international, and is business discipline based. Universities and colleges seek, 
and are often, accredited by a regional accrediting agency, for the university as a whole. For example, most 
universities and colleges in the Western United States are accredited by the Western Association of Schools and 
Colleges (W ASC). Attaining AACSB Accreditation status for graduate and under.graduate business and 
management programs is seen as an indicator of high program quality. 
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. . 
COMPARISON BETWEEN 1991 AND 2003 STANDARDS. 

The newly approved business acc~editation standards represent a major departure from 199lstandards, and continue 
the trend from quantitative to qualitative based standards. 
Precondition accreditation eligibility standards-are in a separate section for accreditation' eligibility. Schools address 
and demonstrate compliance with these eligibility standards, only once prior to the application for initial business 
accreditatio?; 

-". 

· Some o~the important and substantial changesfroin.the 1991 to the 2003 standards are: 

• The importance of ·the school mission and its strategic management process _is underscored by placing these 
in the first .set of accreditation standards. · · 

• · The participant's standards incluc;le, for the first time, the role of staff and administrators. The standards 
allow recognition of educational quality within different cultures and environments. Competency, currency 
and profes_sional development are expected of.all faculty members. A standard specify4tg student · 
responsibilities in the learning process has been added. · 

• Incorp","'tion of the need f~rfinanCial +le~~~'. to support.school programs and its faculty: 

• - .The ~ew assurance of~earning standards irepresent a major shift in program assessm~nt. The f?cus is on 
learmng outcome, not mput measures. Schools are requrred to develop Student learnmg goals, m 
accordance with school mission; and to demonstrate that le~~rs meet these goals. These ~tandards are no 

_ longertailored to U.S. based business.education systems. 

- · • The new initiaJ_business accreditation standards total twenty one and are numbered consecutively, for e~e 
of reference and implementation. 

The table belo~ is a brief comparison between the-1991 and 2003 initial business accreditation standards. · 
, · 

STANDARD BY STANDARD COMPARISON 

STRATEGIC MANAGEMENT STANDARDS 

1. The school pµblishes a mission statement or' its equivalent that p,;ovides direction for making decisions . . 
The mission statement derives from a·process. that includes the viewpoints of various stakeholders. The 
schoofperiodically reviews and revises the glission_statement as appropriate. The review process involves 
appropriate stakeholders. -
~ISSION STATEM~NT] 

This standai:d isroughly the same as standard M.l in the 1991 Accreditation Standards. The new standard mandates 
that _appropriat~ scp.ool stakeholders participate in the mission review prociss .. . 

2." The sc~ool's mission statement is appropriate to higher educ~tion for manageni~nt and consoi,a:nt with the 
·mission of any institution of which the school is a part. The mission includeSJhe production of.intellectual 
contritiutions that advance the ·knowledge and practice of business and management. 
[MI~SIO~ APPROPRIATE~SS) . -

This s~dard is the same as; the old standard M.2. The ·new standard requires the school mission to hlclude the -
production of~tellectual contributions that advance.businessknowledge and practice. The old mission sqmdards 
did riot address the production of intell~ctual contributions. - Faculty intellectual contrihti9ns were required under 
the one old _standard for iqtellectual contributions I. C. l. -

3~ The mission statement or supporting documents ·specify t~e st~dent populations the school intends to · 
serve. 
(STUDENT,MISSION] 
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The specification of the student population was covered by the old M.3 standard, which additionally required 
specification of the educational ·objectives for each degree program. 

4. The school specifies action items that represent high priority continuous improvement efforts. 
[CONTINUOUS IMPROVEMENT OBJECTIVES] 

This is similar to the old standard M.5 but additionally requires the school to specify, within its mission, the action 
items that represent high priority continuous improvement efforts. It adds _emphasis on continuous improvement. 

5. The school has financial strategies to· provide resources appropriate to, and sufficient for, achieving its 
mission and action items. 
[FINANCIAL STRATEGIES] 

This standard is similar to old standard I.N.1 dealing with instructional resources. The new standard requires the 
delineation of financial strategies to provide sufficient resources to achieve school mission and actions, and to 

· support the faculty. 

PARTICIPANTS STANDARDS 

6. The policies for admission to business degree programs offered by the school are clear and consistent with 
the school's mission. 
[STUDENT ADMISSION] 

This student admission standard is the same as the old S. l .a student selection stand~d. 

7~ The school has academic standards and retention practices that produce high quality graduates. The 
academic standards and retention practices are. consistent with the school's mission. 
[STUDENT RETENTION] . 

This student retention standard is the same as the old S. l .c, but the new standard speci_fies the existence of student 
academic standards. 

8.- The school maintains a staff sufficient to provide stability and ongoing quality improvement for student 
support activities. Student support activities reflect the school's mission and programs and the students' 
characteristics. 
[STAFF SUFFICIENCY-STUDENT SUPPORT] 

This is a new standard requiring sufficient staff to provide on going quality student support activities. The necessity 
and role of school staff was never addressed in the 1991 accreditation standards. 

9. The school maintalns a faculty sufficient to provide stability and ongoing quality improvement for the 
instructional programs offered. The deployment of faculty resources reflects the mission and programs. 
Students in all programs, majors, area_s of emphasis, and locations have the opportunity to receive instruction 
from appropriately qualified faculty. 
[FACULTY SUFFICIENCY] 

This faculty sufficiency standard is similar to old faculty standards FD.4.a and FD.4.b. This standard introduces the 
concept of participating faculty but does not specify numerical standards for faculty resources. The basis for 
judgment for this_ standard continues to specify certain percentages for faculty coverage in each degree program, 
discipline, area of emphasis, academically and professionally qualified faculty and program location. The guidance 
for documentation also indicates that faculty are participating in curriculum design, course development, course 
delivery and assessment of student learning. There is no longer a numerically defined minimum full-time equivalent 
faculty {MFTE). · 
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Business Accreditation Standards 
1991 and 2003 

In Brief 

1991 Standards 

Precondition, ten standards 

Five.mission and objective standards 

Twelve faculty composition and development 
· standards 

Five student standards 

Not included in 1991 standards 

Not mentioned in 1991 standards 

Sixteen curriculum content and evaluation 
standards 

Three instructional resources and 
responsibility standards 

One IC standard 

Forty two standards 

2003 Standards 

Specifieq in separate section for accreditation eligibility in section 1. There 
are six eligibility standards. 

Five strategic management standards 

Combined with students, staff and administrators in nine participant 
standards 

Part of the nine participants stall,dards~ 

Part of the nine participants standards. 

Part of the nine participants standards. 

Seven assurance of learning standards 

Included in the five strategic management standards 

Included in the five strategic management and participants standards 

Twenty one standards 
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10. The faculty has, and maintains intellectual qualifications and current expertise to accomplish the mission 
and to assure that this occurs; the school has a clearly defined process to evaluate individual faculty 
member's contributions to the ~chool's mission. 
[FACULTY QUALIFICATIONS] 

This faculty qualification standard is similar to old standards FD.3.c and FD.5. This standard further requires a clear 
process to evaluate individual faculty contribution to school mission. The basis for judgment specifies certain 
percentages for academically or professionally qualified faculty. It further, like the old standards, specifies the 
meaning of academic qualification. · 

11. The school has well-documented and communicated processes in place to manage and support faculty 
members over the progression of their_ careers consistent with the school's mission. These include: 

• 
• 

• 
• 
• 

Determining appropriate teaching assignments, intellectual expectations, and service workloads . 
Providing staff and other -mechanisms to support faculty in meeting the expectations the school holds 
for them on all mission-related activi~i s. 
Providing orientation, guidance and entoring . 
Undertaking formal periodic review, p omotion, and reward processes . 
Maintaining overall plans for faculty r~sources . 
[FACULTY MANAGEMENT AND SUPPORT] 

This standard spells out and indicates in one place, the school responsibility to manage and support the faculty. -It 
recognizes the importance of faculty as the key resource to achieve student learning and school mission. The school 
is responsible to determine faculty workload ( teaching, research and service), staff support, orientation (including 
guidance and mentoring), and formal Ri>T p·eriodic review (and reward process). This all must be determined within 
an overall plan for faculty resources . . 

The above was delineated in several old standards under FD.2.a (recruitment and selection), FD.2.b (new faculty 
· orientation), FD.3.a (teaching assignment, guidance and mentoring) and FD.3.b (formal periodic review of faculty). 

Two old standards, FD.2.c (faculty diversity) and FD.3.c (supporting intellectual development) are embedded in the 
new section 2 on strategic management standards. 

Two other old standards, FD.3.d (faculty participation in academic and professional organizations) and FD.3.e 
policies for outside faculty activities are no longer emphasized or directly addressed in the new 2003 Accreditation 
standards. · 

12. The business school's faculty in aggregate, its faculty subunits, and individual faculty, administrators 
. and staff share responsibility to: 

• Ensure adequate ti01e is devoted to learning activities for all faculty members and students. 
• Ensure adequate student-faculty contact across the learning experiences. 
• Set high expectations for academic achievement and provide leadership toward those expectations. 
• . Evaluate instructional eff ectiv~ness and overall student achievement. 
• Continuously improve instructional programs. 
• Innovate in instructional processes. 

[AGGREGATE FACULTY AND STAFF EDUCATIONAL RESPONSIBILITY] 

lhis standard details the aggregate faculty, staff and administrators' responsibility in the education of students. The 
standard specifies six areas of responsibility and replaces old standard lN.2 Two new responsibilities are included 
in the new standard specifying learning and to ensure adequate student-faculty contact. The inclusion of 
administrators and staff as parties responsible for the education of students is new; 
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13. Individual teaching faculty members: 

• Operate with integrity in their dealings with students and colleagues. 
• Keep their own ·knowledge current with the continuing development of their teaching disciplines. 
• Actively involve students in the learning process. 
• Encourage collaboration and cooperation among participants. 
• Ensure frequent, prompt feedback on stu~ent performance. 

[INDIVIDUAL FACULTY EDUCATIONAL RESPONSIBILITY] 

This individual faculty educational responsibility standard expands the responsibilities listed under old standard 
IN.3. In addition to maintaining currency in one's field, delivery of effective instruction and accessibility to 
students, the new standards identify three new responsibilities. The new standard specifies the importance of 
operating with integrity, encouraging collaboration ana cooperation among all participants and ensuring 
frequent, prompt feedback on student performance. Inclusion of faculty integrity is very timely given recent 
business scandals and public demand for ethical behavior, integrity and accountability: 

14: Individual Students: 

• Operate with integrity in their dealings with faculty and other students. 
• Engage the learning materials with appropriate attention and dedication. 
• Maintain their engagement when challenged by diffi~ult learning activities. 
• Contribute to the learning of others. 
• Perform to standards set by the faculty. 

[STUDENT EDUCATIONAL RESPONSIBILITY] 

This is a new standard spelling out individual student educational responsibility similar to the above that 
specifies faculty responsibility. This standard requires the school to demonstrate that students operate· with 
integrity, actively engage in learning, maintain engagement in face of difficulties, contribute to learning of 
others and perform at the levels specified by participating faculty. 

ASSURANCE OF LEARNING STANDARDS 

15. Management of Curricula: The school uses well documented, systematic processes to develop, monitor, 
evaluate, and revise the substance and delivery of the curricula of degree programs and to assess the impact 
of the curricula on learning. Curriculum management includes inputs from all appropriate constituencies 
which may include faculty, staff, administrators, students, faculty from non-business disciplines, alumni, and 
the business community served by the school. 

The standard requires use of a systematic process for curriculum management but does not require any specific 
courses in the curriculum. Normally, the curriculum management_process will result in an undergraduate 
degree program that includes learning experiences in such general knowledge a:r;id skill areas as: 

•· Communication abilities. 
• Ethical understanding and reasoning abilities. 
• Analytic skills. 
• Use of information technology. 
• Multicultural and diversity understanding. 
• Reflective thinking skills. 

Normally, the curriculum management process will result in undergraduate and master's level general 
management degree programs that will include· learning experiences in such management-specific knowledge 
and skills areas as: 

• Ethical and legal responsibilities in organizations and socjety. 
• Financial theories, analysis, reporting, and markets. 
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• Creation of value through the integrated production and distribution of goods, services, and 
information. · 

• Group and individual dynamics in organizations. 
• Statistical data analysis and management science as they support decision-making processes 

throughout an organization. 
• Information technologies as they influence the structure and processes of organizations and 

economics, and as they influence the roles and techniques of management. 
• Domestic and global economic environments of organizations. 
• Other management-specific knowledge and abilities as identified by the school. 

[MANAGEMENT OF CURRICULA) 

· This extensive and detailed standard for the management of the curriculum integrates the curriculum design 
expectations of at least eleven 1991 standards. These are old standards C.1.1; C.1.2.a to C.1.1 .e; C.1.2.a to 
C.1 .2.e, all dealing with undergraduate and MBA/Master's curriculum content. Curriculum content remains the 
same but with the addition of general knowledge analytic skills, information technology and reflective thinking. 
The management-specific knowledge and si lls areas remain the same as in the old standards. This new 
standard: , 

• No longer requ~res any specific co~ses in the c~iculum. . 
• No longer specifies percentage of g~neral education courses vs. busmess courses. · 
• No longer specifies the number of credit hours for the MBA program or the number of credit hours for 

areas outside of MBA specialization'. 
• Places more emphasis on ethical_ understanding and reasoning abilities. 

By far this is the most detailed and comprehensive standard among all the new 2003 twenty one accreditation 
standards. 

16. Bachelor's or undergraduate level degree: · Knowledge and skills. Adapting expectations to the school's 
mission and cultural circumstances, the school specifies learning goals and demonstrates achievement of 
learning goals for key general, management-specific, and/or appropriate discipline-specific knowledge and 
skills that its students achieve in each undergraduate degree program. , 
[UNDERGRADUATE LEARNING GOALS] 

This standard requires the school to specify undergraduate degree learning goals and to demonstrate their 
achievement, in accordance with t,he school mission and its cultural environment. Old standard C.2.2 required each 
degree program to be systematically monitored to assess its effectiveness. However, this new standard goes further 
by requiring the specification of learning goals and demonstration that students achieve these goals in each 
undergraduate degree program. 

17. The bachelor's or undergraduate level degree programs must provide sufficient time, content coverage, 
student effort, and student-faculty interaction to assure that the learning goals are accomplished. 
[UNDERGRADUATE EDUCATIONAL LEVEL] 

The undergraduate educational level that is specified in this new standard requires sufficient time, content coverage, 
student -efforts and student-faculty intera~tion, to assure that learning goals are accomplished. This is similar to ~ew 
standard number twenty which requires the same for master's degree programs. This is part of the overall focus and 
emphasis of the new standards on assessment of student learning goals. 

18. Master's level degree in general management (e.g., MBA) programs: Knowledge and skills. Participation 
in a master's level degree program presupposes the base of general knowledge and skills appropriate to an 

· undergraduate degree. Learning at the master's level is developed in a more integrative, interdisciplinary 
fashion than undergraduate education. 

The capacities developed through the knowledge and skills of a general master's level program are: 

• Capacity to lead in organizational situations. 
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• Capacity to apply knowledge in. new and unfamiliar circumstances through a conceptual 
understanding of relevant disciplines. 

• Capacity ·to adapt and innovate to solve problems, to cope with unforeseen events, and to manage in 
unpredictable environments. · 

Adapting expectations to the school's mission and cultural circumstances, the school specifies learning goals 
and demonstrates master's level achievement of learning goals for key management-specific knowledge and 
skills in each master's level general management program . . 
[MASTER'S LEVEL GENERAL MANAGEMENT LEARNING GOALS] 

This master's level general management learning gc;,als are similar to the above standard number sixteen, requiring 
the delineation of undergraduate learning goals. The standard further specifies at the master's level the development 
of capacity to lead in organization situations, to apply knowledge in new circumstances and to adapt and innovate to 
solve problems. . · ..... _ · 

19. Master's level degree in specialized programs: Knowledge and Skills. Participation in a master's level 
program presupposes the base of general kno_wJedge and skills appropriate to an undergraduate degree and 
is at a more advanced level. The level of knowledge represented by the students of a specialized master's level 
program is the: 

• Application of knowledge even in new and unfamiliar circumstances through a conceptual 
understanding of the specialization. 

• Ability to adapt and innovate to solve problems. 
• Capacity to critically analyze and question knowledge claims in the specialized discipline. 

Master's level students in specialized degree programs demonstrate knowledge of theories, models, and. tools 
relevant to their specialty field. They are able to apply appropriate specialized theories, models, and tools to 
solve concrete business and managerial problems. Adapting expectations to the school's mission and cultur~l 
circumstances, the school specifies learning goals and demonstrates achievement of learning goals in each 
specialized master's degree program. 
[SPECIALIZED MASTER'S-DEGREE LEARNING GOALS] 

This standard requires the specificati0n of learning goals for the specialized master's degree programs. Unlike old 
standards C.1.4.a and C.1.4.b, this new standard does not specify the number of required credit hours or the hours 
required in the area of specialization. · 

Students in specialized master degree programs are expected to demonstrate knowledge of theories, models and 
tools relevant to their specialty field. Again the old 1991 standard did not require the specification of degree 
learning goals. 

20. The master's level degree programs must provide sufficient time, content, coverage, student effort, and 
student-faculty interaction to assure that the learning goals are accomplished. 
[MASTER'S EDUCATIONAL LEVEL] 
This standard is similar to standard number seventeen, requiring the demonstration that sufficient time, content 
coverage, student effort and student-faculty interaction assure that the learning goals are accomplished. No such 
standard or requirement existed in the old 1991 business accreditation standards · 

21: Doctoral level degree: Knowledge and Skills: Doctoral programs educate students for highly specialized 
careers in academe or practice. Students of doctoral level programs demonstrate the ability to create 
knowledge through original research in their areas of specialization. Normally, doctoral programs will 
include: 

• The acquisition of advanced knowledge in areas of specialization. 
• The development of advanced theoretical or practical research skills for the areas of specialization. 
• Explicit attention to the role of the specialization areas in man~gerial and organizational contexts. 
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• Preparation for teaching responsibilities in higher education (for those students who expect to enter 
teaching careers). · 

• Dissertation, or equivalent, demonstrating personal integration of, and original intellectual 
contribution to, a field of knowledge. 

• Other areas as identified by the school. 
[DOCTORAL LEARNING GOALS] 

This standard requires the specification of learning goals for doctoral level degree programs and is similar to old 
standard C.1.5. This new standard goes further by requiring a dissertation, or equivalent, demonstrating personal 
integration of, and original intellectual contribution to, a field of knowledge. 

CONCLUSION AND RECOMMENDATION 
The newly adopted initial business accreditation standards are a major departure from the 1991 standards. There are 
three obvious shifts. The first is the trend toward, fully implemented strategic management process. Second, the 
assessment of student learning is based on outcome measures. The third is the flexibility that afford business 
education, anywhere in the world, the potential to[e AACSB accredited, once the school demonstrates high quality 
business and management programs: 

It took many schools years to adjust to the 1991 st dards. AACSB allowed some schools to experiment with the 
new standards and accreditation process for the pa~t two years. There is no concrete data on how many succeeded 
and whether there are any significant success differences between these schools and those using the 1991 standards. 

The AACSB Blue Ribbon Committee was asked to review and recommend changes in the business accreditation , 
standards. The committee's change was to propose improvements·in accreditation that will maintain AACSB's 
position as the "premier international accreditor of business schools for the coming years." There is a strong feeling 
that the standards, in the aggregate, have improved and are rigorous in their intent and content. The new standards 
are in the early stages ofimplem~ntation. It is yetto be seen how many non-US business and management programs 
will seek AACSB accreditation and how many will succeed. What is clear is that AACSB success in transforming 
and improving the quality of business schools in the U.S. is going global. 

Schools that are in transition are advised to layout a crosswalk matrix between the 1991 and the new 2003 standards. 
In order to make full use of their continued accreditation efforts, but also to be able to demonstrate compliance with 
the new standards, these schools are well advised to take stock of their mission, priorities, and progress made thus 
far. Schools must then address their shortcomings and identify the opportunities that exist to continuously improve 
their business education. Strategic'management and assessment of student learning are key success factors in the 
attainment and maintenance of AACSB accreditation under the new 2003 standards. Schools are warned not to take 
these changes and the new standards lightly. Time and efforts, over an extended period are needed to establish 
evidence of high program quality. 
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IMPROVED ELICITATION OF UTILITY FUNCTIONS FOR MULTIPLE 
CRITERIA DECISION MODELS 

Sampson Gholston and Aiisha D. Youngblood 
The University of Alabama in Huntsville 

ABSTRACT 
Decision making in an organization is more complex when multiple criteria are used in decision making models. 
Multiple criteria decision making involves the selection of the "besf' solution for a system involving multiple 
conflicting objectives. In order to use multiple criteria decision models an appropriate utility function for each of 
the criteria must _be determined based on data elicited ftom the decision maker. The elicitation of information from 
the decision maker to determine an appropriate utility function for each criterion is a lengthy, difficult; and 
subjective process. Tradit10nal multiple criteria models also require the weighting of the utility function such that 
the relative importance of ea~h criteria is.incorporated into the model. Determining an 'accurate weighting structure 
is difficult because dependence between criteria requires multiplicative models. By definition multiplicative models 
are very difficult to determine and are not very applicable in industry. Instead of weights, the research presented 
uses ranking that incorporates the experience and intuition of the decision makers which may not easily translate to 
formal attribute weights. This paper highlights the early development of a decision model that incorporates the 
approximation of utility functions using a minimum amount of data from the decision maker and ranks the criteria 
so that the difficulties inherent in weighting can be avoided. · 

INTRODUCTION 
Op~imization in mathematical programming generally means maximizing (or minimizing) an objective subject to a 
set of constraints. Unfortunately, most decision making problems involve the simultaneous consideration of several 
different conflicting objectives. By nature of the conflicting objectives, finding an "optimum" solution to these 
design problems presents some challenges for the person or persons responsible for making the decision. Due to the 
conflicting nature of the objectives, an optimal solution that simultaneously maximizes all objec~ives is usually not 
obtainable. Multiple objective modeling reflects the decision process where several conflicting objectives nave to 
be satisfied. The task then becomes choosing the best compromise solution. 

The person or persons responsible for choosing the best compromise solution are referred to as decision makers. 
One of the most corrimon complications facing decision makers faced with real-world applications is the presence of 
multiple, competing objectives (Graves et al., 1992). When there are two or more objectives, then generally there is 
no agreement on how to proceed in th~ solution process. The ultimate goal in the approaches to solve multiple 
objective decision making problems is to help a decision maker find their most preferred solution for the decision 
making problem. Decision makers rely on Multiple Criteria Decision Making (MCDM) tools to assist them in 
choosing the best alternative solution. Since there is usually a large number of solutions that are candidates for the 
best alternative solution, MCDM tools must assist the decision maker in maximizing their preferences. The solution 
that maximizes the decision maker's preferences is known as the best compromise solution. 

The purpose ofMCDM procedures is to help the decision maker maximize their preferences. The techniques and 
algorithms used in multiple criteria decision· making are only aids to assist the decision maker in the decision 
making process. Making the decision is a managerial ~sk which can never be automated (Stewart, 1992). Decision 
makers are able to evaluate the consequences of their de~isions using·MCDM tools (Olson, 1992). 

In practice, interactive procedures have proven most effective in assisting the dec"ision maker in fmding the best 
compromise solution (Steuer, 1986). These procedures require input from the decision maker during the 
optimization process in order to find the best compromise solution. During these interactions the decision maker is 
required to supply some information which will guide the procedure to a better solution. Interactive procedures 
have been criticized, however, for being·very complicated and placing a great deal of cognitive burden (mental 
workload) on the decision maker. 

Cognitive burden refers to the difficulty that the decision maker.\las in supplying the needed information. Cognitive 
burden can be measured by analyzing the method's interactive styles and the frequency of interactions. Interaction 
styles include pairwise_ comparisons, vector comparisons, se_tting target levels for some or all o_f the objectives, or 
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providing precise trade-offs between the objective. As the number of interactive styles used by the method 
increases, the decision maker's cognitive burden also increases. Shin and Ravindran (1991) indicated that setting 
target levels is more difficult for decision makers than performing pairwise comparisons. They rate methods that 
require precise trade-off information as causing the greatest cognitive burden on th~ decision maker. 

The purpose of this research is to develop an interactive procedure that does not place a great cognitive burden on 
the decision maker. The procedure developed in this research, titled the Multiple Objective Compromise 
Programming (MOCP) procedure, is designed for multiple objective nonlinear mathematical programming problems 
with a wide range of applications. 

RESEARCH OBJECTIVES 
There are a large number of methods that can assist the decision maker in finding a solution to multiple objective 
decision making problems. The most widely accepted methods are interactive methods which require the decision 
maker to provide local information regarding their preferences during the solution process. This information is used 
to formulate a single objective subproblem, which is then solved. The results of the single objective subproblem are 
presented to the decision maker and form the basis for further subproblems. The iterative formulation and solution 
of subproblems is designed to obtain information from the decision maker and to make progress towards the 
eventual solution of the multiple objective decision making problem. This iterative process continues until the 
decision maker finds the best compromise solution or terminates the process prior to reaching that point. To 
automate this process would require the complete specification of the decision maker's preference structure. The 
specification of this preference structure would be both difficult and time consuming, and likely impossible for most 
decision makers. · 

Interactive methods can be classified according to the type of information required .from the decision maker and 
according to the optimization approach used to find a feasible solution using this decision maker information. The 
·optimization approach involves using the decision maker's information to develop a single weighted objected 
function or to adjust the set of cqnstraints. The interactive method must ·elicit enough information from the decision 
maker in order to find the next improved feasible solution. Researchers have not agreed on the most effective 
interactive style. This has lead to the development of a large number of interactive solution techniques to solve 
multiple objectives decision making problems. 

The information required from the decision maker includes comparison of solutions, specification of weights or 
priorities, target values, and/or trade-off information. Pairwise comparison are considered the simplest type of 
information for the decision niaker to supply, while trade-off information is considered the most difficult. However, 
trade-off information can be easily transformed into a single objective subproblem in order to find an improved 
feasible solution. As the level of difficulty increases both the cognitive burden placed on the decision maker and the 
probability that they will make a mistake will increase. A motivation for the development of new approaches to 
solve multiple objective decision making problems is reducing the decision maker's cognitive burden (Shin and 
Ravindran, 1991). 

Dyer, et al. as recently as 1992, stated that there is still need for simple, understandable, and useable approaches to 
solve multiple criteria decision making problems. There is an implicit trade-off between the complexity of the 
information required by the decision m~ker and the number of iterations required to reach a solution. Decision 
makers can be overwhelmed when optimization procedures require complex information, even.if the procedure can 
find the.best compromise solution.in only a few iterations. Decision makers can also become fatigued by methods 
that require simple information, but require numerous iterations to reach a solution. The procedure developed in this 
research attempts to balance this trade-off. · 

A MULTIPLE OBJECTIVE OPTIMIZATION PROCEDURE 
. Interactive procedures can be classified as either feasible direction procedures or feasible region reduction 
procedures (Shin and Ravindran, 1991 ). The MOCP procedure described here is a feasible direction procedure. 
Feasible region reduction procedures use the information obtained from the decision maker to construct additional 
constraints that reduce the feasible region. These methods can help the decision maker focus in on the best 
compromise solution. However, once a particular region has been eliminated it can no longer be considered, even if 

· the decision maker realizes that the best compromise solution might be in that region. The solution process would 
have to be restarted from the beginning. 
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· The MOCP procedure developed by Gholston (1999) is divided into 4 phases. The phases are: 

Phase I - Problem formulation and initialization 
Phase Il - Initial solution 
Phase III -Decision maker's preference 
Phase IV - Comprnmise determination. 

These four phases will lead the decision maker to the best compromise solution. Figure 1 shows the flowchart of the 
MOCP pro~edure. 

Solve 
Single Objective 

Problem 

Develop · 
Desirability 
Fµnctions 

Phase I 

Decision Maker 
Ranks Objectives 

Sequentially Solve 
Multiple Objective 
Problems to Find 

Compromise Solution 

Phase II 

Present Solution to 
Decision Maker 

Is This 
Solution the 

Decision Maker's 
Best Compromise 

Solution? 

No 

Decision Maker Ranks 
Objectives in Order 

of Importance 

Phase III 

Yes 

Figure 1. Flowchart ofMOCP 

Move From Current 
Solution to a New 

Solution Reflecting the 
Decision Maker's Ranking 

Present Solution to 
Decision Maker 

Is No 
Current Solution 

Acceptable? 

Yes 

Is This 
Solution the 

Best Compromise 
Solution? 

Phase IV 

Reduce 
Compromise 

In Phase I the objectives to be to optimized subject to the constraints of the system are chosen. The list of 
objectives could include objectives to be maximized, minimized, or objectives that specified target value. Each one 
of the objectives listed will then be optimized subject to the constraints of the problem. This identifies the ideal 
solution for each objective and establishes limits that are used to· convert each objective to a common scale. 

In Phase II the decision maker ranks the objectives _and then· the procedure finds the initial nondominated solution 
based on the specified rankings. After reviewing the solutions to the individual objective problems, the decision 
maker can begin to develop their preference structure. The next step for the MOCP procedure is to convert this 
preference structure into a series of single objectiv~ optimization problems and find a nondominated solution for the 
decision maker to evaluate. Shin and Ravindran (1991) indicated that pairwise (ordinal) comparisons were the 
easiest type of interactive style for the decision maker. A similar interactive style is used in MOCP which involves 
an ordinal ranking of each objective. The decision maker ranks each objective in order of importance. 
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In Phase III the decision maker evaluates the solution. By definition this nondominated solution is a candidate for 
the best compromise solution. The current solution is presented to the decision maker. The decision maker 
determines if the solution is acceptable. It is unlikely that the decision maker's preference structure follows this 
preemptive structure, though, it may provide a good initial solution for the decision maker to begin their search for 
the best compromise solution. This starting solution places emphasis on the highest ranked objective. 
Improvements in lower ranked objectives will involve. compromises in this higher ranked objective. The decision 
maker will be able to compare improvements in lower ranked objectives with the compromises made in the higher 
ranked objectives and determine if these compromises are acceptable. 

In Phase IV the maximum compromise is calculated. · The maxim.tun compromise determines the allowable amount 
that the lower ranked objectives can be compromised in order to see improvements in higher ranked objectives. 
These compromises are used to adjust the constraints and find a new solution. 

There are two areas of the MOCP method which may be more heavily influenced by decision maker bias. These 
areas are: 1) the formulation of the initial s.ingle ~dective problems, and 2) the ranking of objectives by the decision 
maker. It is believed by the authors that estimati g a utility function for each of the objectives may help to reduce 
this bias. The following section describes a meth d developed in Youngblood (2003) that allows for the estimation 
of utility functions using a minimum amount of d . ta elicited from a decision maker rather than the traditional lottery 
method. I 

ESTIMATION OF UTILITY FUNCTIONS 
Although it is common practice to determine expected values when choosing between scenarios with anticipated, 
outcomes and associated probabilities, frequently this results in decisions that may not seem "intuitively appealing" 
(Clemen, 2001). An individual's risk attitude can often be assessed by having the person choose between several 

· pairs of gambles and sure amounts that may be greater than or less than_ the expected value of the associated gamble. 
In general, if a person prefers a _specified amount over a gamble with a greater expected value, then the individual 
would be considered risk averse. On the contrary, if an individual prefers a gamble with a lower expected value · 
than :a certain and specified amount, the individual would be considered risk seeking. Individuals who express 
indifference between a sure thing and a gamble of equal expected value would be considered risk neutral. 

A decision maker's individual risk profile is a subjective assessment of the person's attitude towards risk. This can 
_be represented mathematically through the use of utility functions. Although these functions are unique to a 
decision maker's attitude towards a particular attribute, there are certain characteristics that remain consistent for all 
utility functions. One difficulty with the subjective derivation of utility functions often noted in research is the 
overemphasis on events with a low probability (Quiggin, 1993). 

When developing a utility function, a range of values depicting both worst and best case scenarios for each attribute 
is determined. In most situations, one end of a range is considered "best" and the other "worst." However, 
occasionally the "best case scenario" is a value somewhere in the middle with each end considered equally bad 
(Keeney, 1975.) Multi-attribute utility theory allows for cases such as these. By definition ofutility functions, the 
worst-case value for ·a metric is considered to have a utility value of zero, U( worst-case value) = 0, and the best-case 
value has a utility equal to one, U(best-case value) = 1. 

It is then necessary to determine a function joining the two points, depending on whether the decision maker has a 
risk-seeking, risk-averse, or risk-neutral. attitude regarding the trade-offs for that objective. These utility functions 
&re a continuous zero-to-one function, but the shape is determined by the decision maker's risk profile with respect 
to the individual attributes. If the decision maker's attitude is considered to be risk neutral, then the utility function 
will produce a straight line. In the case of a risk averse attitude, the curve will be convex, while risk seeking will 
produce a concave curve (Taha, • 1997). Examples of positively-sloped utility curves associated with these risk 

. profiles can be ·seen in Figure 2. 
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Figure 2. Risk Attitudes 

Each risk-neutral utility function used in a utility model is the straight line segment joining the two end points (best
case and worst-case) in a range of likely values for a metric. The necessary parameters are the two end points and 
an indication as to whether the slope is positive or negative. Positively-sloped utility functions model measurements 
where improvement occurs when the measurement increases like perfect order rates. Negatively-sloped utility 
functions model :i;neasurements where improvement occurs when the measurement decreases like cost per operation. 

Risk-see'9ng and risk-averse utility functi~ns require more information than the r(sk-neutral functions. To generate 
these shapes, spline fitting is used. The initial two data points are the same best-case and worst-case values 
determined for the corresponding _risk-neutral function. The remaining three points for the spline fitting are 
generated as follows for positively-sloped, risk-seeking utility functions: 

Performance Measurement Value Utility Value 
Poor Range Low (RL) 0.00 
Below Average RL+2/3(RM-RL) 0.25 
Average Range Middle {RM}= RL+2/3(RH-RL) 0.50 
Above Average RM+ 2/3(RH-RM) 0.75 
Exceptional Range High (RH) 1.00 

The data points generated for negative-sloped, risk-seeking utility functions are: 

Performance Measurement Value Utili Value 
Poor Ran eHi (RH 0.00 
Below Avera e 0.25 
Avera e 0.50 
Above Avera e 0.75 
Exce tional Rane Low RL) 1.00 

The data points generated for positively-sloped, risk-averse utility functions are: 

Performance Measurement Value Utility Value 
Poor Range Low (RL) ' 0.00 
Below Average RL+ l/3(RM-RL) 0.25 
Average Range Middle (RM)= RL+l/3(RH-RL) 0.50 
Above Average RM+ 1/3(RH-RM) 0.75 
Exceptional Range High (RH) 1.00 
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The data points generated for negative-sloped, risk-averse utility functions are: 

Performance Measurement Value Utility Value 
Poor Range High (RH) 0.00 
Below Average RM+ 2/3(RH-RM) 0.25 
Av~rage · Range Middle (RM)= RL+2/3(RH-RL) 0.50 
Above Average RL+2/3(RM-RL) 0.75 
Exceptional Range Low (RL) 1.00 

These generic utility functions developed here emulate the general curves seen in utility theory literature, and could 
be used as approximations for practitioners who choose not to develop specific functions for each of the selected 
performance measures. In practice, an individual ·or team with in-depth knowledge in an area being measured may 
choose to determine values for "Poor," "Below Average," "Average," "Above Average," and "Exceptional" 
performance rather than perform an intensive elicitation procedure. These five values for a performance metric 
could .then be used to generate the appropriate data points and utility function.for use in a decision model. 

CONCLUSIONS 
The MOCP model has been previously used in an application to evaluate a hydrostatic bearing design problem. The 
method proved effective, but concerns lingered about possible bias on the part of the decision maker with respect to 
the initial single objective problems and the ranking of objectives in the iterative portion of the procedure. It is 
believed that estimating utility functions that represent a decision maker's attitude for each objective function will 
help to reduce this bias, and may reduce the number of iterations before the best compromise solution is reached. 

FUTURE WORK 
The authors are currently developing a detailed methodology that incorporated estimated utility functions into the 

· Multiple Objective Compromise Programming procedure to address the areas of possible bias that have been 
identified. Once the methodology has bee~ finalized, the authors plan to test the method using graduate-level 
engineering and engineering management students to solve an example problem. Any necessary refinements to the 
methodology will be addressed and the decision making method will be applied to an industrial application. 
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AN OBJECT ORIENTED STOCHASTIC APPROACH FOR RISK MODELING OF ADV AN CED 
AVIATION SAFETY TECHNOLOGY PRODUCTS 

Erim Kardes and James T. Luxh0j 
Rutgers University 

ABSTRACT 
Object-Oriented Bayesian Networks (OQBNs) are extensions to the conventional Bayesian Network (BN) 
methodology that provide an expressive power by allowing a node in the network to represent an aggregate data 
type. OOBNs express the knowledge regarding a domain in a structured way, leading to more realistic probabilistic 
models. Like classical BNs; they represent a stochastic modeling language, where the random variables symbolize 
the domain attributes. The probabilistic dependencies among the variables are modeled using directed acyclic 
graphs. Preliminary modeling results suggest that OOBNs offer significant promise for advanced risk assessments of 
new technology products. 

INTRODUCTION 
An interesting subject receiving both professional and public attention is risk modeling of low probability/high 
consequence (Ip/he) events, such as transportation accidents, nuclear power plant accidents, chemical plant 
explosions (Waller, et al., 1984). The Ip/he event type of interest in this paper is aircraft accidents. The need to 
prevent such events or to reduce their risk _has grown substantially in the past decades, leading to research efforts in 
risk modeling of aircraft accidents. Luxh0j, et al. ( 1998) develop a general Aviation System Risk Model (ASRM), 
which includes six major organizations in the Commercial Aviation System. The importance of this first attempt lies 
in the fact that it provides accident investigators with the insight {)f tracing accidents to multiple causes in a 
probabilistic manner via utilizing the Bayesian Network (BN) framework. Following this initial ASRM, the 

· operational/maintenance ASRM prototype was developed by Luxl10j, et_ al. (1999), which is based on real case 
studies. The operational/maintenance ASRM integrates the overarching framework of the Reason model (Reason, 
1997) with the Bayesian Network framewo~k. The causal factors in this prototype are categorized according to the 
three: layers of the Reason model: Organizational Factors, Task and Environmental Factors, and Individual Factors. 
The aim in this further effort is to reduce the ambiguity for the end-users through constructing a quantifiable 
probabilistic model and to obtain a more meaningful representation based on real cases. A very important aspect of 
the aviation system is uncertainty. Bayesian networks provide probabilistic inference algorithms for stochastic 
domains, allowing reasoning under uncertainty. A BN is a directed acyclic graph (DAG), where nodes represent 
certain attributes of the domain under consideration and the edges among the nodes stand for the causal relationships 
among the attributes. Each node i:h the network represents a set of states and is treated as a random variable (Jensen, 
1996). A crucial aspect ofBNs is that they allow reasoning based upon observed facts or evidences. Hence, by 
integrating the Reason model and the BN framework, the operational/maintenance ASRM facilitates performing 
scenario analysis based on real aircraft accident cases. A Bayesian network related to a Loss of Control (LOC) 
accident is shown in Figure 1 for illus!fative purposes. 

Figure 1. A Bayesian Network Model for an Actual Aircraft Accident Case 

Nodes in the network represent causal factors and vertices capture the dependencies among nodes. The initial 
qualitative model is constructed according to the causal story of the accident, NTSB reports and, articles published 
regarding the accident. Subsequently, the model is quantified via the assistance of subject matter experts (SMEs). 

· The nodes in the network are causal factors defined in the Human Factors Analysis and Classification System 
(HFACS). HFACS is a taxonomy developed by Shappell and Wiegmann (2001), which classifies failed or absent 
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. defenses in the Reason model. It accounts for four layers in a causal chain: unsafe acts, preconditions for unsafe 
acts, unsafe supervision and organizational influences. HF ACS is used in the military, commercial, and general 
aviation sectors to systematically reveal the underlying human causal factors (Shappell, et al., 2001). The ASRMs 
developed so far refer t~ HF ACS to determine the human-related accident causal factors. Nevertheless, accidents are 
not necessarily caused solely by human errors. Hence, current ASRMs may include factors other than those 
explained in HF ACS. 

OVERVIEW OF AvSP TECHNOLOGY PRODUCTS 
This section is based on the Aviation Safety Program Product Dictionary. According to the Aviation Safety Program 
(AvSP) created by the National Aeronautics and Space Administration (NASA) in 1997, the low probability/ high 
consequence air transportation accidents are at a rate of less than two accidents per million flights (Source: AvSP 
website: http://avsp.larc.nasa.gov). If air traffic continues to grow at its current rate, even this low accident rate is 
considered to be unacceptable. The AvSP is established.for the purposes of developing technology products with the 
intention of reducing the fatal accident rate. Another objective of the AvSP is to develop technologies to reduce the 
injuries and fatalities when accidents do occur. J:he program aims to integrate information technologies needed to 
enhance safety in the aviation system by assessing situations likely to lead to accidents before they emerge. There 
are 48 technology products in the program that e in different stages of development. A vSP is a partnership that 
includes NASA, the Federal Aviation Administr ion (FAA), the aviation industry and the Department ofDefense 
(Source: AvSP website: h ://avs .larc.nasa. ov. AvSP is composed of seven sub-programs that focus on a total of 
48 technology products. Certain technology prod cts are developed under each sub-program that are explained 
briefly in this section. Some of these products are 1in the form of written guidelines and reports and therefore they are 
. considered to be interventions to the aviation system as well. 

Aviation System Modeling and Monitoring (ASMM) technologies include 6 products. This sub-program de~ls with 
providing decision-makers with measures of safety and performance of the National Airspace ·System (NAS). 
Enhanced databases for incident reporting, software and hardware tools and mathematical models are among the 
technology products and/ or interventions developed under this project. · 

60-80% of the aircraft accidents may be traced to root causes related to human errors. The primary objective of the 
System Wide Accident Prevention (SW AP) project is to address safety issues associated with human errors and 
procedural noncompliance. SW AP technologies focus on predicting the human error link in the causal 'chain of 
events leading to accidents, mitigating risk generated by aircraft maintenance and inspection operations. Technology 
products and / or interventions .include software for human performance models and models of intent inference as 
well as written guidelines and reports. The Single Aircraft Accident Prevention (SAAP) project focuses on airborne 
technologies to overcome Vehicle system failures and loss of control of aircrafts. Vehicle health management 
sensors, data processing techniques for real time diagnostics and intelligent flight controls for automated recovery 
from unusual aircraft attitudes are among the technology products developed under this sub-program. 

The objective of the Weather Accident Prevention (WxAP) project is to develop tec~ology products to reduce the 
impact of atmospheric conditions in aviation accidents. Synthetic vision systems technologies include world-wide 
geospatial databases, sensors, and hazard detection technologies. To create synthetic views of the aircraft's external 
environment for display to the flight crew in order to enhance situational awareness -is the main objective for this 
suite of technology products. The final sub-program to be overviewed in this section focuses on the Accident 
Mitigation (AM) technology products. The primary.objective in this project is to develop technologies to improve 
survival rates in survivable accidents and to prevent in-flight fires. Dynamic crash analysis software, design 
concepts for energy absorbing aircraft structures and seats, and designs for fuel shutoff valves and test results are 
among various technology products. The need to evaluate the impact of certain technology insertions into the NAS , , 
on the aviation system requires further research. This evaluation, which will provide the decision-makers with the 
insight of technology impacts on system risk, calls for complex risk models that can be constructed using an 
appropriate expert system and encoding the expert knowledge into risk models. 

DECISlON VARIABLES 
The set of actions available to an individual in any given condition can be represented by a variable or a group of 
variables that are under the control of the decision-maker, unlike the chance nodes used in the network model shown 
in Figure 5 (Pearl, 1988). Chance nodes are not the only type of variables that can be utilized in a BN. A decision 
node, which represents choices available to the decision-maker, is another 'type of node that can b~ incorporated into 
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a Bayesian network. Once a decision node is introduced into a BN, the graphical structure is referred to as an 
influence diagram. Chance nodes are represented by circles and decision nodes are shown as rectangles in an 
influence diagram. A decision variable can be related to one or multiple chance nodes or multiple decision variables 
can be related to one particular chance node. Choosing an action means selecting a set of decision variables in an 
influence diagram and fixing their values .. Such a choice normally alters the probability distribution of other sets of 
variables that are considered to be consequences of the decision variables. The technology products developed by 
the Aviation Safety Program can be represented using decision variables. Technology products affect causal factors 
in an influence diagram. Figure 2 is the influence diagram corresponding to the network of Figure 1. Decision 
variables are introduced into the model according to the basic understanding of technology products developed by 
the AvSP and their relationships with chance nodes are reviewed by subject matter experts (SMEs). 

Figure 2. An Influence Diagram for an Actual Aircraft Accident Case 

RESEARCH PROBLEM 
· The need to evaluate the impact of certain technology insertions into the NAS on the likelihood of an aircraft 
accident category, such as Maintenance-related accidents (MAIN), requires further research. The Aviation System 
Risk Models developed so far ate based on multiple case designs. An accident category is represented by multiple 
representative cases as shown in Figure 3. Hence, multiple likelihood values are associated with an accident type. 

Context - MAIN Context - MAIN Context - MAIN 

Case 1 Case 2 Casen 

Scenario Scenario Scenario 
Analyses Analyses Analyses 

Figure 3. Multiple case designs (Adapted from Yin, 2003) 

However, according to Haime·s (1998), most organizational and technology-based systems are hierarchical in nature 
and risk modeling of such.complex systems requires addressing the hierarchical character embedded in the system. 
The risk associated with each sub-system within the hierarchical structure contributes to the overall system risk. 
The hierarchical nature of the aviation. system domain calls for a new case design, where multiple cases in one 
context are combined in order to obtain a generic case and consequently, a single likelihood value associated with an 
accident type. A new design can be as illustrated in Figure 4. 

456 



Proceedings of the 2004 IEMS Conference 

Generic Case 

I Scenario I 
Analyses 

~~ .. 
Case l 

Scenario 
Case 2 Scenario 

Analyses Analyses 

... 
Figure 4. Multiple case designs in interaction and scenario analyses within each case 

Subsequently, the ultimate research question posed is how to evaluate the impact of certain technology .insertions 
into the NAS on the likelihood of an aircraft accidenffategory, which is represented in a hierarchical manner by 
combining different representative cases belonging to that accident category. The purpose of this paper is to capture 
the embedded hierarchical structure within Maintenance-related accidents. · 

RESEARCH METHODOLOGY 
The preceding discussion pertaining to a generic model for an aircraft accident type can be realized using C>bject 
Oriented Bayesian networks (OOBNs). Bangso, et al. (2000), and Koller, et al. (1997) propose two similar 
frameworks for Object Oriented BNs. The latter uses Multiply Sectioned Bayesian Networks (MSBN), which is a 
methodology developed by Xiang, et al. (1993) in order to perform probabilistic inference. The former approach 
makes use of both MSBN and the underlying fiat BN of an OOBN. The discussions in this paper regarding .OOBN s 
are primarily based on the insights presented by Bangso and Wuillemin (2000). Object Oriented Bayesian.networks 
are extensions· of the classical Bayesian network formalism and represent a stochastic modeling language, where the 
random variables stand for the domain attributes. The probabilistfo dependencies among the variables are modeled 
using -directed acyclic graphs. OOBNs-provide an expressive power by allowing a node in the network to represent 
an aggregate data type. They express the knowledge regarding a domain in a structured way, leading to more 
realistic probabilistic models (Flach, et al., 2002). Figure 5 illustrates two aggregate random variabl'es, Mand N. 

\ 

' 

---

- - - - - - - - - - _M - - -- - - - . - - - -- - - - - - .: 

Figure 5. An Object Oriented Bayesian Network 

In order to explain OOBNs, the concept of a class has to be introduced. In esience~ the framework adopted for 
OOBNs resembles object oriented programming. The fundamental idea in object-oriented programming is to model 
the problem in consideration in terms of objects, which are designed appropriately according to the problem context. 
The so-called objects are the instances of classes designed to solve a problem. A class is -a new data type defined by 
the user. The variables of class Care called objects or instan~es of C. Instantiation of a class in a Bayesian network 
is to define an object. Certain nodes in a class have a restricted scope, i.e., they cannot be modified from outside the' ' 
class. However, since an object is encapsulated in a way that its certain nodes are not accessible from outside the 
class, we encounter the problem of interactions among nodes of certain objects. There are two types of interactions 
among objects and nodes (Bangso and Wuillemin, 2000): 

1. A node inside an object might have parents outside. 
2. A node outside an instantiation inight have a parent inside the instantiation. 

The first type of interaction causes a problem since potentials specified in a class should not be changed in any 
instantiation (Bangso and Wuillemin, 2000). However, this keeps one from assigning parents to a node inside an 
instantiation, which in turn limits the modeling capabilities. Hence a new type of node, called the reference node, is 
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added into an instantiation (Bangso and Wuillemin, 2000). A reference node is also called the "input node" of an 
object. It represents a pointer fo a node in another scope. The node to which the input node references to {s called the 
referenced node. In this framework, a vertex is created between an input node and its referenced node, which is 
therefore called the reference link. The states and the potential of an input node are the same as its referenced node. 
Input nodes are accessible from outside an instantiation, which provide the capability of establishing interactions 
among nodes belonging to different scopes. Decision variables could be incorporated into an OOBN, converting it 
into an object oriented influence diagram (OOID). Although the notion of a decision variable is completely different 
from that of a chance node, the same input_-output scheme specified for chance nodes is applicable to decision nodes 
as well. OOIDs can be constructed using the input-output scheme and reference links described above. 

The current research performs analysis on four maintenance models using Hugin Expert for exact probabilistic 
inference. Consequently, four likelihood values are obtained from each model. Figure 6 partially depicts the object 
oriented repr_esentation from the generic structural failure node to the Operator nodes in the lowest level. The 
aggregate data types RA, M, 0, TE, and/ represent the Regulatory Agency, Manufacturer, Operator, Task and 
Environmental, and Individual classes. Each class accommodates various chance and decision nodes consisting of 
two states, i.e. "occurred" and "not occurred", as well as numerous vertices. As an example, the lowest level chance 
nodes pertaining to the Operator cl~ss are depicted in Figure 6. 

C 

Part 121 Structural 
Failure Node 

Generic Structural Failure Node 

C::: · Part 135 Structural Failure Node =:::> 
~-----------------

~--~ ··---:::__ 

0--~ _0_0--0 0 0-0-~·0 
-------------- -------~-------------------- . . . 

SMP_1_2 

Figure 6. Part of OOBN built for a generic maintenance-related case study 

All vertices among all chance nodes are captured implicitly in Figure 1.6 via the input/ output specifications of the 
class. The input/ output specifications.for the chance nodes in the Operator class of the case of Flight 191 is 
depicted in Table 1. 
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Table 1. Input / Output Specifications for the Operator Class in Case of Flight 191 

Class Chance Nodes 

MFG OPERATOR 
Inadequate Communication 

&Feedback 

RA (FS) surveillance 

MFG Inherent Design 

Operator OP Inapp Processes 

Operator Inadequate Res 

Inadeq__ Work ·lhstruction 
Documentation 

Input Chance 
Node 

✓ 

✓ 
✓ 

Output 
Chance 

Node 

✓ 
✓ 

✓ 
A crucial aspect in this modeling approach is to determine the contribution of each case to a generic structural 
failure node, which is eventually in the form 9(the conditional probability table (CPT) values for the parent Part 121 
and Part 12~ Stru~~al Failure nodes. ~hese valufs are ~et~rmined via expert ~licitation as follows. The expert ~s 
asked how hkely it is that he would assign a repr~sentahve mdex value of maximum 20%, 40%, 60%, and 80% lli 
order t~ ~ete~~e ~ow repre_sen~tive a specific crse ~s for a generic maintenance r~lated accide_n~. A ~~td~tive 
probability distnbutton function 1s fit to these foUJt pomts and the mean of the associated probab1hty d1stnbutton 
functions is inserted to the CPT as the representative index values. Note that the CPT for the Part 121 or Part 135 
Structural Failure nodes includes a value, whose c6nditions state that the two of the related child nodes are set to 
their "occured" value. In this case, the average of the cumulative distribution functions pertaining to the two case 
studies is taken into consideration. 

RESULTS 
CDFs used ·in the CPT of the Part 121 .Structural Failure node are shown in Figure 7a, 7b and 7c. 

Representative Index(x) given the 
Case of Flight 191 Occurs 

a) CDF given Case ofFlight 191 Occurs 

0.8 

2 0.6 

~ 0.4 

0.2 

0 

Representative Index(x) given the 
Case ofFlight 811 Occurs 

b) CDF given case of Flight 81 !Occurs 

0 ...,__.....,e::....__----r-____ -,--_...;____--,-____ ~---~ 

0 2 4 6 8 

Representative Index(x) given the Cases ofFlight 191and 
811 Occur 

c) CDF given Cases of Flights 191 and 811 Occur 
Figure 7. Cumulative Distributions for the Representative Indices given the Child Nodes 
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The probability distribution function for case of flight 191 follows a normal distribution with a mean of 4'.65 and a 
standard deviation of 1.91. Weibull distribution yields a good fit for the function shown in Figure 7b, with shape and 
scale parameters of 3.8 and 1.78, respectively. The probability distribution function pertaining to the cumulative 
function of Figure 7 c follows a Weibull distribution as well, with shape and scale parameters of 4.6 and 2.1, respect
ively. Mean values shown in Table 1 are .inserted to the CPT for Partl21 Structural Failure node. When the model 1s 
run, this node yields the likelihood value of a Part · 121 Maintenance-related accident based on the representative 
index values inserted to its CPT. The same approach is adopted in order to get the CPT values for the Part 13 5 _ St_ 
Failure node. The CPT values for the generic structural failure node are assigned O or 1, since any of the parents' 
value being "Occurred" equals to the generic structural failure node being in its value of "Occurred". Column 1 in 
Table 2 shows the results for the Partl35 Structural Failure, Partl21 Structural Failure and the generic structural 
failure nodes when none of the technologies is instantiated. The second column shows the absolute likelihood values 
when only the technology products in the Organizational Classes of cases are set to their "Implemented" states. The 
third column depicts the relative likelihood decrease after the technologies are instantiated. Similarly, other columns 
show only the effect of the decision nodes instanti~ted in a given class. It is vital to note that a relative likelihood 
decrease of 13.86% on the generic node is achieved when only the products in Individual classes are instantiated, 
whereas the instantiation of the products only in trganizational classes yield a relative decrease of 8.41 %. This 
result highlights the importance of the Organizati nal factors in these accident causal models. 

Table 1. Mean Values inserted into the CPT f Part 121 Structural Failure Node · 
I · State 

Case 811 1Occurred Not Occurred 
Case 191 Occurred · I Not Occurred Occurred I Not Occurred 

Mean Value l.92 I . 1.6 4.65 I 0 

· Table 2. Absolute and relative likelihood values when all the decision nodes in a class are fixed to their ''Not 

Part 
121 
Part 
135 

Generic 

Implemented" States 
Only in 

Org. 
Only in 
Task& 

Column 1 Classes Decrease(%) Env. Classes Decrease(%) 

15.66 15.04 3.96 15.1 3.58 

10.34 8.58 17.02 8.68 16.05 
24.38 22.33' 8.41 22.47 7.83 

Ind 

Ozg TIE 

bid 
Org TIE 

Org J' 

Only in 
Ind. 

Classes 

14.69 

7.4 
21 

lri.d 

Decrease(%) 

6.19 

28.43 
13.86 

□Org 

□TIE 

□Ind 

Figure 8 Relative likelihood decrease values when the products are implemented only in a given class 

Org, TIE, and Ind stand for Organizational Classes, Task and Environmental Cl~sses, and Individual Classes, 
respectively. Figure 8 indicates that technology products have the highest impact when implemented in Individual 
Classes .. In particular, their implementation has the highest impact on Part 135 carriers. The conclusion that 
implementation in individual classes has a relatively higher impact is substantiated with the fact that individual 
classes accommodate the most crucial error types, i.e. decision errors, which is mostly performed by the 

460 



Proceedings of the 2004 IEMS Conference 

· maintenance crew. Note that although the Organizational Classes are more distant from the consequence node than 
the Task and Environmental classes, their impact is even slightly greater than the impact of Task and Environmental 
factors. The reason for this is that the Organizational Classes include many chance and decision nodes pertaining to 
various organizational entities such as the Regulatory Agency, Manufacturer, and especially Operator classes. 
Despite the ·latent character of the causal and decision nodes in the Organizational Classes, these nodes have 
significant impact on consequence nodes. 

The following technology products are present in the regulatory agency classes at least in two of the four cases: 
SWAP6, SWAPI, SAAPI, AMI, and ASMMI. SWAP6; SWAPI, SAA.Pl are present in the regulatory agency 
classes exactly in three oftlie four cases. Two of the cases include the manufacturer class, each of which includes 
SW AP_ 8. The following technology products are present in the operator classes at least in two of the four cases: 
SAAPI, ASMMI, SWAP6, and SWAP7. SWAP6 and SWAP7 are present in all four of the cases. The conclusion 
drawn from these findings is that the products of the folk>wing technology suites are encountered frequently in the 
Organizational Classes: SW AP, SAAP, AM, and ASMM. Hence, it is worth to analyze the models as to which 
technology suit alone in the Organizational Classes contributes most to the relative likelihood decreases in Part 121, 
Part 135 and generic structural failure nodes. 

9 - SW SAAM AS 
-- SW 

--8 - SAAM AS 

7 - .. □ SW 

6 -
□ SA 

DAM 
• " 

s - DAS 

4 
SW 

nSA A1vi AS 

3 
I 

Part 121 Part 135 Cieneric Node 

Figure 9 Relative likelihood decrease values when only SW AP (SW), SAAP (SA); AM, or ASMM (AS) products 
are implemented in the Organizational Classes 

As shown in Figure 9, SW AP products contribute the most to the relative likelihood decrease in the Part 121 
Structural Failure node, followed by SAAP, AM and ASMM suites. The contribution of the instantiation of SW AP, 
SAAP, AM, and ASMM are almost equal in the Part 135 Structural Failure node. Instantiation of the SW AP suite 
has the highest impact on the generic node,· i.e., 8.24%, followed by a relative decrease of 7 .67%, which is a result of 
implementing the ASMM suite in the Organizational Classes. The relative decrease generated by the implementation 
of SAAP and AM suites in the Org~zational classes is 7.63% and 7.58%, respectively. 

CONCLUSIONS · 
Aviation accidents are generally attributed to the causal factors, which directl);' lead to consequences. A good 
example.for such a causal factor is the decision errors performed at individual levels. Reason (1997) states that 
accidents can further be traced to latent failures such as task and environmental, and organizational factors. Analysis 
of the four maintenance-related accident causal models in the current research reveal tha_t these organizational 
factors can be classified in different, yet interactive entities, ·su~h as manufacturers, regulatory agencies and 
operators. OOBNs provide a structured representation and the flexibility of representing the chance nodes as 
collections of random variables. Different organizational entities and their interactions are captured using OOBNs, 
leading to more structured and realistic models .. The importance of Organizational entities and factors in 
maintenance-related aviation accident causal modeling is substantiated through the results. 

The current ASRM research is based on multiple case· designs, where an accident category is represented by 
multiple case studies. Hence, more than one risk value is obtained that pertains to an accident category. OOBNs 
provide the modeling flexibility of combining multiple cases into one generic case using cumulative probability 
distributions to determine representative indices for each case. Consequently, a unique likelihood value can be 
obtained. The likelihood values associated with an accident category can be obtained by running scenario analyses 
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in different sub-cases·. Hence, this research effort attempts to evaluate the impact of different combinations of 
technology products using more compact, structured, and therefore more realistic models. 
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A NEW WAY OF SEQUENCING ELEVATORS 

David Kohler 
San Francisco State University 

ABSTRACT 
We discuss inefficiencies of multi-car elevator systems, then present and discuss a new way by which elevators can 
be sequenced so as to reduce the time that passengers spend waiting for and traveling in them. We study the 
particular case of the morning rush hour in a 2-elevator, 4-storey building where all of the traffic is up. We show that 
this can be formulated as a Markov decision process, which in turn can be formulated as a mathematical 
programming problem. We solve a particular case and exhibit the results. 

INTRODUCTION 
My wife has been chronically ill for 22 years and over that time has spent what must have amounted to years in 
hospitals. Consequently, I have spent a tre~en_dous amount of time dding hospital elevators, especially those at the 
University of California Medical Center in San Francisco. 

One thing struck me repeatedly: One waits for what seems an eternity for an elevator, but when an elevator arrives it 
is quickly followed by a second, and a third. The display panel in the lobby visually shows how the elevators move 
together as a group, leap-frogging each other on the way up and on the way down. 

The reason for this inefficient mode of operation is obvious: each elevator is essentially self-controlling and is 
programmed tQ stop if it is the first to reach a waiting passenger. In the elevators I am familiar with, there does not 
appear to be a control system for the elevators as a whole, which would sequence the elevators and assign 
passe1.1gers to elevators in a more effici~nt way. 

When one considers how much time is "wasted" in elevators every ·day, it is surprising that relatively little attention 
has been given to this area in the operations research literature. The most complete discussion of control strategies is 
in Barney and dos Santos [I]. Pepyne & Cassandras [4] and Newell [3] have specifically studied up-traffic but their 
results do not carry over to the problem addressed in this paper because of the fundamental difference in the request 
mechanism. 

. A NEW WAY OF REQUESTING ELEVATORS 
In most elevator systems, each· floor has only an Up and Down button. It is only when the passenger enters the 
elevator that he indicates the desired floor. There is no opportunity for assigning passengers to elevators in advance. 
This paper is based on a simple idea to make elevators easier to control efficiently. We propose that each passenger 
indicate the floor he wishes to go to as soon as he enters the elevator lobby, before entering the elevator itself. He 
would do this by pressing a button (or tliat floor in the lobby. When an elevator arrives in the lobby, lights over its 
door would indicate the floors it is programmed to stop at. The passenger should not get into an elevator that is not 
going to stop at the floor he requires. Inside the elevator, there would be no buttons. If, by accident, a passenger gets 
into the wrong elevator he would have to get out at the next stop and reques~!1 new elevator. 

OBJECTIVE 
One's first impulse would be to try to minimize the expected time a passenger takes to reach his destination, 
including the time waiting to board the elevator. However, this runs up against the practical difficulty of counting 
the number of passengers who request a specific floor. One cannot use the number of times a button has been . , 
pressed as a measure of the number of passengers requesting that floor because people would soon learn to press the 
buttons repeatedly in order to give themselves a higher priority. Therefore, we will instead use the term cohort to 
mean a group of one or more passengers traveling to the same floor and in this paper we will address the problem of 
minimizing the average time for a cohort to reach ifs destination, · measured from the time the first member of the 
cohort requests that floor. 

ASSUMPTIONS AND BASIC PROBABILITIES 
We will consider a very simple situation of a bank of two elevators serv.ing n upper floors during the morning rush 
hour when all traffic is up. We assume that each -car is large enough ( or the passengers small e~ough) to carry all 
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passengers that want to get on, and that all passengers can get on and off within the normal time the elevator door 
stays open 
Further, we assume that passengers arrive at random in the lobby at an average rate of 11. for each floor; i.e. the 
demand for each floor is the same and the total demand is n11.. The probability of x .passengers arriving in the lobby 
during time t and wanting-to go to the same floor has a Poisson distribution: 

P(x) = e-)J (MY . 
x! 

In particular, the probability that no passengers will want to go to that floor is: 

P(O) = e-)J 
and the probability p that a cohort (i.e. at least one passenger) will request that floor is: 

1-.e-u 
Therefore, if r specific floors have already been requested at the start of a time period t, the probability that s 
specific floors will have been requested by the end of that time period is: 

(1 - -)J )s-r ( -)J )n-s = (1- -)J )s-r -AJ(n-s) 0 < < < e e e e where _ r _ s _ n . (Formula 1) 

TERMINOLOGY 
We use the British system for numbering floors in which the "first floor" is the floor above the ground floor. 
We .use the term request to mean the set of floors requested by the passengers waiting in the lobby. A request can be 
represented by a 0/1 row vector (xi) in which the ith element (numbered from the left) is 1 if the ith floor (numbered 
up from the floor above the ground floor) is requested, and is zero otherwise. For example, the request (l,0,1,1) 
would indicate that the building has four floors above the ground. floor and that the people in the lobby want to go to 
the first, third and fourth floors above the ground floor. · 

OBSERVATIONAL DATA AND ROUND TRIP TIMES 
Observational data was collected on a bank of elevators at UCSF. This showed that an elevator typically stops for 8 
seconds at a floor; this time is measured from the instant when the doors begin to open until they have completely 
closed again. It takes about 7.5 seconds to travel one floor and 1.3 seconds for each additional floor, these times 
being measured from the instant when the doors have completely closed at the departure floor until they start to open 
at the arrival floor. 

· Consider an elevator's total round trip time, from the moment it leaves the ground floor until it is about to leave the 
ground floor again. Thus the round trip time includes an 8-second stop at the top and another 8-second stop at the 
bottom. The shortest round trip time occurs when the elevator travels to the first _floor in 7 .5 seconds, then down 
again in another 7 .5 seconds. The total round trip time in this case is therefore 7 .5 + 8 + 7 .5 + 8 = 31 seconds. For 
each additional floor traveled with no intermediate stops we must add 1.3 seconds each way. Each intermediate stop 
requires 8 seconds for the stop plus 7.5 seconds to get up to speed by traveling one floor. This is to be compared 
with the 1.3 seconds that would have been required to travel that one floor if the elevator had not had to stop. So 
each intermediate stop add_s 8 +-7.5 - 1.3 = 14.2 secs to the total time. · 

Table 1 gives the round trip times in seconds. 

No. of intermediate stops 

Highest floor 0 1 2 3 
1 31 
2 33.6 47.8 
3 36.2 50.4 , 64.6 
4 38.8 53 67.2 81.4 

Table 1 
In order to reduce the dimensions of the · state space we round the round trip time to the nearest multiple of 13 
seconds. We call 13 seconds the basic time unit and abbreviate it to btu. It was chosen so as to minimize the overall 
discrepancy between the rounded and actual round trip times. The round trip times, expressed in these 13-second 
basic time ~ts are given in Table 2: · 
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No. of intermediate stops 

Highest floor 0 1 2 3 
1 2 
2 3 4 
3 3 4 5 
4 3 4 5 6 

Table 2 

THE UNDERLYING MARKOV DECISION PROCESS 
A Markov decision process is a stochastic process that is observed at certain instants of time called stages. At each 
stage the system is in one of a finite number of states, and in each state we may take one of a finite number of 
decisions. The sets of possible states and decisions do not depend on the stage; i.e. they remain constant. At each 
stage a reward or cost is accrued, depending on the'"state s the system was in and the decision u that was taken. The 
system then moves to a new, possibly different, state at the next stage. The probability of reaching a specific state at 
the next stage depends only on the current state and decision taken in the current stage. 

In this paper we will consider in detail the ~a~e where n = 4. In this case the maximum round trip time is 6 basic 
time units (btu), as shown in Table 2. Our problef can be cast as a Markov decision process if we make the 
following simplifications and assumptions: • · · 
1. First, we assume the system will be operated in such a way that the elevators leave the ground floor only when 

the clock time is a multiple of the basic time unit, and that the time between two successive elevators returning 
to the lobby is a multiple of the basic time unit. · · 

2. Then we define a stage to be an instant of time in which one of the following conditions has arisen: 
a. One elevator (let's call it Elevator 2) is moving between floors (and will return to the lobby in some 

m~ltiple of the basic time unit) while Elevator I is in the lobby and its doors are about to open or are 
already open. At this instant in time, the system can be in a ·finite number of states corresponding to · 
· i. the request; i.e. the s·et of floors that have been requested by the people waiting in the lobby; and 
ii. the time until Elevator 2 returns to the lobby, measured in basic time units. · 

When n = 4, the number of possible requests is 2 ° = 16. Elevator 2 must have left earlier, so it will return to 
the lobby in at m9st 5 basic time units. The total number of states of this.kind is therefore, 16 x 5 = 80. 
At this instant of time, various alternatives are open to us. For example, we could assign some or all of the 
people waiting in the lqbby to Elevator 1 and dispatch it on its journey. Aitematively, we could do nothing 
and allow Elevator I to wait in the lobby for one basic time unit before deciding whether to assign any 
people to it. · 

b. Both elevators are in the lobby with their doors already open or just about to open. The number of states of 
this kind is simply the number of possible requests, 16. 
Again, various alternatives are open to us: we could al1ow both elevators to wait one basic time unit; or we 
could assign all of the waiting passengers to the.two elevators and send them on their way; or we could 
assign some or all of the passengers to one elevator and dispatch it whiie commanding the other elevator to 
wait in the lobby for one basic time unit. 

The total number of possible states is therefore 80 + 16 = 96. · 
In summary, a stage occurs if and only ifthe clock time is a multiple ofthebasic time unit and there is at least one 
elevator in the lobby. · 
We wtll use the notation (e, u, r) to represent a state, where e is the number of elevators in the lobby (I or 2), u is the 
number of time units until the gther elevator returns to the)obby, and r is.the request which, as noted, can be 
represented by a row vector. Note that u is only meaningful when e is 1. Here are some examples of states: 

(1, 3, (1,0,1,0)) means that one elevator is in the lobby, the other elevator will return to the lobby in 3 btu (39 
seconds), and the people in the ~obby want to go to floors I and 3. 

(2, -, (0,0,1,0)) means that two elevators are in the lobby, and the people in the lobby only want to go to 
floor 3. 

SOME ·FUNDAMENTAL FACTS AND OBSERVATIONS 
A. It would never be sensible to dispatch an empty elevator because the same effect could be achieved by allowing 

it to wait in the lobby for the equivalent amount of time. 
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B. In the situation where both elevators leave at the same time, it would never be sensible to leave anyone behind 
in the lobby; because the waiting time of those left behind would be intolerably long. Therefor~, each waiting 
passenger should be assigned to one or the other elevator. 

C. An elevator's round trip time depends only on the highest floor requested and the number of other floors 
requested. It does not depend on which specific other floors are requested. For example, an elevator calling at 
floors 1, 2 and 4 has the same round trip time as an elevator calling at floors 2, 3 and 4. 

D. Consider the case wheres floors have been requested by the passengers in the lobby (s > 2) and the requested 
floor numbers are f1, f2, f3, ... f5• 1, f5 where 1 ~ f1< f2< f3< ... < f5_1< f5 ~ n. Assume that one of the elevators is 
about to leave the lobby and that a subset ofr cohorts is assigned to that elevator (0 < r < s). Consider these two 
cases: 

a. The set of r cohorts assigned to the elevator includes the cohort that wants to go to the highest floor fs. 
In this case, the r cohorts. assigned to the elevator should obviously be those requesting the highest r 
floors (fs-1'4-l, fs-r+2, ... f5.1, f5) because this assignment minimizes the expected round trip time of the 
elevator that will carry the s-r cohorts left behind in the lobby. 

b~ The set of r cohorts assigned to the elevator does not include the cohort that wants to go to the highest 
floor fs. In this case, the r cohorts ajigned to the elevator should obviously be those requesting the 
low_ est r floors (f1, f2,S3, ... fr.1, fr) ecause this assignment. minimizes the. expected round trip time of 
the elevator carrying the r cohorts. 

E. Consider the case where both elevators are · the lobby and both are dispatched at the same time: r cohorts in 
Elevator 1 and s cohorts in Elevator 2. As already noted in B above, all waiting cohorts should be assigned to 

· these two elevators. The last cohort to get oui of Elevator 1 will have suffered r-1 intermediate stops, the 
second-to-last cohort will have suffered r-2 intermediate stops, and so on. The total number of intermediate 
stops suffered by all r+s cohorts in the two elevators is therefore 

[(r-1) +(r-2)+(r-3)+ ... +3 + 2+ 1 +O]+[(s-·l)+ (s-2)+(s ~3) + ... +3 + 2+ 1 + o] 
If one cohort were reassigned from Elevator 2 to Elevator 1 the total number of intermediate stops would 
become 

[r+ (r-1)+ (r-2)+(r-3) + ... + 3 + 2+ 1+0]+ [(s-2)+ (s-3) + ... + 3 + 2+ 1+ o] 
. which represents a net increase of r - ( s - 1) stops. Therefore, ifs > r + 1 the total number of intermediate stops 
would be reduced by this reassignment. This implies that the cohorts should be assigned to the elevators as 
equally as possible: if the total number of cohorts is t, then 

t/2 cohorts should be assigned to each elevator if t is even; and 
( t-1 )/2 and ( t+ 1 )/2 cohorts should be assigned to the elevators, respectively, if t is odd. 

THE NUMBER OF DECISIONS 
We continue to consider the spe~ific case where n, the number of floors above the ground floor, is 4, and we now 
proceed to enumerate the number of possible decisions: 
(a) When one elevator is in the lobby, the other elevator may return to the lobby in u time units, where 1 ~ u ~ -5. 

For each of the five possible values ofu, the possible decisions are enumerated in Table 3. 
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Number of Number of Example Decision Number of Total number of 
floors requested combination request type decisions of that possible decisions 

r s ncr decision type for that value of r 
0 1 (0,0,0,o) Wait 1 btu 1 1 
1 4 (0,l,0,0) Wait 1 btu 1 2 

Dispatch the cohort 1 
2 6 (0,l,0,1) Wait 1 btu 1 4 

Dispatch 1 cohort 2 
Dispatch 2 cohorts 1 

3 4 (l,0,1,1) . Wait 1 btu 1 6 
Dispatch 1 cohort 2 (seen above) 
Dispatch 2 cohorts 2 (see D above) 

. Dispatch 3 cohorts 1 
4 1 (l,1,1,1) Wait 1 btu 1 8 

Dispatch 1 cohort 2 (see D-above) 
Dispatch 2 cohorts 2 (see D above) 
Dispatch 3 cohorts 2 (see D above) 
Dispatch 4 cohorts 1 

Table 3 
Ex: In the case (l,0,1,1) the following six alternatives are open: 

• We can wait one basic time unit. 
• We can dispatch one cohort. By reason ofD above, we must send the elevator to the lowest floor (1), 

which would leave (0,0,1,1) behind in the lobby, or to the highest floor (4) which would leave (l,0,1,0) 
behind in the lobby. 

• ·We can dispatch two cohorts. By reason of D above, we must send the elevator to the lowest two floors 
(1 and 3), which would leave (0,0,0,1) behind in the lob_by, or to the highest two floors (3 and 4) which 
would leave (1,0,0,0) behind in the lobby. 

• We can dispatch all three cohorts ( 1, 3 and 4) which would leave nobody behind in the lobby. 
· The number of decisions-for each value ofu is lxl + 4x2 + 6x4 + 4x6 + lx8 = 65. The total number of 
decisions for all five values of u is 5 x 65 = 325. 

(b) Wh b th 1 . h 1 bb th 'bl d . . d . . T bl 4 en 0 e evators are m t e o iy, e poss1 e ec1s1ons are enumerate lil a e 
Number of Number of Example Decision type Number of Total number of 

floors combinations request decisions of possible decisions 
requested ncr that de.cision for that value of r 

r typem 
0 1 (0,0,0,0) Both wait 1 btu 1 1 
1 4 (0,1,0,0) Both wait l btu 1 2 

One waits, one is sent 1 
Botli are sent 0 (see A above) 

2 6 (0,l,0,1) Both wait 1 btu 1 5 
One waits, one is sent 3 (Note 1) 
Both are sent 1 .. 

3 4 (1,0,1,1) Both wait 1 btu 1 8 
One waits, one is sent 5 (Note 2) 
Both are sent 2 (see Eabove) 

4 1 (l,l,1,1) Both wait 1 btu 1 9 
One waits, one is sent 7 (Note 3) 

.. 
Both are sent 1 (see E above) . . . . 

Note 1: The one elevator may carry one cohort (2 poss1b1hties) or both cohorts (1 possibility) . 
Note 2: The elevator may carry one cohort (2 possibilities by virtue ofD above), two cohorts (2 possibilities), 

or all three cohorts (1 possibility). · 
Note 3: The elevator may carry one cohort .(2 possibilities by virtue ofD above), two cohorts (2 possibilities), 

three cohorts (2 possibilities), or four cohorts (1 possibility). 
Table 4 
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Ex: Taking again the case (1,0,l,l), the following alternatives are open: 
• Both elevators can wait one basic time unit. 
• One elevator can wait and the other can be dispatched with either one, two or three cohorts which, as 

we showed in the preceding example, constitutes 5 possible decisions: send (l,0,0,0), (0,0,0,l), 
(l,0,l,0), (0,0,1,l) or (1,0,l,l) leaving behind, respectively, (0,0,1,l), (l,0,1,0), (0,0,0,l), (l,0,0,0), 
(0,0,0,0) in the lobby. 

• We can dispatch both elevators. By reason of E above, we must send one elevator to the lowest two 
floors (1 and 3) and the other elevator to floor 4, or send one elevator to the highest two floors (3 and 
4) and the other elevator to floor 1. 

The number of decisions when both elevators are in the lobby is lxl + 4:x2 + 6x5 + 4x8 + lx9 = 80. 
The total number of decisions is 325 + 80 = 405. 

MATHEMATICAL PROGRAMMING FORMULATION 
Manne [ 1] has shown that a simple Markov decision problem may be formulated as a linear program. We take a 
similar approach but in our case the objective function is nonlinear. 
Recall that in our case there are 96 states, indexed by i, and 405 decisions. 
Let the variable xik represent the probability of being in state i and taking the kth decision possible from that ith state. 
Also, let the constant Pijk be the probabiliz that the system will be in state j if at the previous stage it was in state i 
and the k

th 
decision was taken from that i state. This constant is calculated n a straightforward way, using Formula 

1 given above. For example, let's consider that the ith state is (1, 3, (1,0,l,0)) and we take the decision to send the 
elevator to floor 3, leaving behind the co4ort for floor 1. As shown by Table 2, this elevator will return in 3 btu (39 
secs) which is also when the other elevator will return to the lobby. The next state will therefore be (2, -, r) where r 
may be any of the 8 requests that include floor l; i.e. (l,0,0,0), (1,0,0,1), (l,0,1,0), (1,0,1,l), (1,1,0,0), (1,1,0,l), ' 

(l,1,1,0), (1,1,1,-1). The probability thatj will be (say) (l,l,1,0) i~· (1- e-39i) 2 e-39i, according to Formula 1. 

• There are 96 constraints, one for each state, that ensure that the probability of leaving state j is equal to the 
probability of entering state j on the· same stage; i.e. 

L:-XJk = LPiikxik, forj = 1, 96 
k i,k · 

In addition, there are constraints that ensure that the xik are probabilities; i.e. that they are non-negative: 

xik ~ 0, 'vi, k 
. that they s~ to 1: 

The formulation of the objective function is complicated by the fact that the times between successive stages are 
variable. Consider the case when the system is in state i and we are about to take the kth decision possible from that 
state. Let gik be the total waiting and traveling time of all cohorts that were in the lobby just before that decision was 
taken. The method of calculating gik is straightforward but rather tedious. We illustrate it by considering that the ith 

state is (1, 3, (l,0,1,1)) and that .we take the decision to send the elevator to floors 3 and 4, leaving behind the cohort 
for floor 1. The cohort for floor 3 will reach there in 7 .5 + 1.3 + 1.3 = 10.1 secs (not counting the time to enter and 
leave the elevator). The cohort for floor 4 will reach there in 7.5 + 3 x 1.3 = 11.4 plus 14.2 secs for the intermediate 
stop: 25.6 sec total. The one cohort left behind in the lobby will wait there for 3 btu (39 secs) until the other elevator 
returns· to the lobby. Therefore, the total waiting and traveling time of all three cohorts is 10.1 + 25.6 + 39 = 74.7 

cohort-seconds. The average waiting and traveling time per stage is I gikxik . 
ik 

We must divide this by the aver~ge time (measured in btu) between stages which is L h;kXik , where hik is the time 
ik 

. taken to reach the next stage when the system is in state i and we-have taken the kth decision possible from that ith 

state. In the above example, the next stage is reached in 3 btu. 
Thus, the objective to be minimized is 
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RESULTS 
This research 1s in its early stages and, so far, we have only studied the problem when A= 0.02. This was solved in 
13 seconds using Premium Solver for Excel. When nobody is in the lobby the best strategy is to wait. In all other 
cases the optimal strategy is summarized in Table 5. 

No.of Time units No. of floors Floor# 1 Action 
elevators to next requested requested? 
in lobby elevator 

1 1 - - Wait 
1 2 - Yes Send elev to floor 1 
1 2 - No Send everybody 
1 3 - No Send elev to the one lowest floor 
1 . 3 ::; 2 Yes Send everybody 
1 3 >2 Yes Send elev to the highest floor 
2 - 1 - Send one elevator 
2 - >I \ - Send both elevators equally balanced 

\ 
Table 5 

Subsequent research will examine how the optim~l solution varies with A, and will do so when n = 3 and 5. From 
this we hope to derive simplifying rules of thumb,1 which will reduce the dimension of the state space, allowing the 
problem to be solved for even larger values of n. 
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CUMBIA - THE CENTER FOR UNIFIED MODELING OF 
BUSINESS AND INDUSTRIAL ARTIFACTS 

Jose Sepulveda, Luis Rabelo and Oscar Martinez 
University of Central Florida 

ABSTRACT 
We present the architecture of the University of Central Florida's Center for Unified Modeling of Business and 
Industrial Artifacts (CUMBIA). CUMBIA is a centralized repository of tools and techniques ("artifacts") focusing 
on best engineering, business, and computer science practices for efforts dealing with enterprise engineering. The 
Center focuses in small- and medium-size enterprises, loosely defined as organizations with a relatively small 
number of employees and very limited (if any) R&D budget. Such organizations are our nation's backbone of the 
commercial and industrial activity and CUMBIA will help them compete, survive, and flourish in the current 
business environment. 

CUMBIA is a multi-tiered, integrated decision-support system that provides in-context advice of an operational 
(short term), tactical (mid-term) or strategic (long term) nature coordinated in such a way that all advice aims to 
enterprise-wide optimization decisions. CUMBIA's mission is to improve its target customer's competitive 
standing. Its architecture its object oriented (reusable!), open source, and web-based (Java). This makes CUMBIA 
accessible over the Internet from any computer platform in the shop floor, the executive offices, or at the company's 
suppliers and customers. CUMBIA artifacts are reusable components, e.g., software objects that represent their real 
world counterparts (machines, material handling equipment, orders, etc.) or software objects that represent real 
world human counterparts (behind-the-scenes process simulations, expert systems, optimization algorithms, or ' 
quick-and-dirty 4ecision rules). In addition, CUMBIA allows access to state of the art, real-time, floor data and 
supply chain data and to the enterprise's non-simulation (finance, human resources, and supply chain) software. The 

· integration of simulation and non-simulation (legacy) software is achieved through and adaptation of the National 
Institute of Standards and Tec~ology (NIST)'s Distributed Manufacturing Simulation (DMS) Adapter as applied to 
the High Level Architecture and its Runtime Infrastructure. 

INTRODUCTION 
The nation's economic safety and security require that the small and medium-sized enterprises have access to 
modem tools and techniques designed to be reasonably priced, and easily adaptable to an organization's own 

. individual characteristics. Solutions have been developed but they usually are designed from different points of 
view, cannot be effectively customized, and present integration problem with other existing applications. Moreover, 

. they are very expensive and their·implementation is very time-consuming. These systems comprise high-end 
software applications that automate back-office business processes, helping to nianage a corporation's day-to-day 
operations in its manufacturing, distribution, accounting, and human resources divisions. In general, the 
implementations of such systems are not precisely suitable for small companies due to financial issues and 
complexity constraints. 

We propose a different approach to integrate those technologies and business processes, using existing 
infrastructures and products developed by the Department of Defense and the National Institute of Standards and 
Technology. These are the High Level Architecture and the Distributed Manufacturing Simulation (DMS) Adapter. 

The origin of these products was '1te need for distributed simulations. Simulation is a very important tool for the 
manufacturing community in order to analyze a process. Simultaneous manufacturing simulations and their 
integration have been object ofresearch in recent years with very important results [1] [2] [3] [4] [5] [6] [8]. We 
want to construct a system that allows us not only to run simultaneous simulations, but also integrate them with · 
legacy softwar~ and new technologies to extend the benefits of th,e simulation. Our Objective is to build a Center for 

. Unified Modeling of Business and Industrial Artifacts, a centralized repository of tools and techniques that are going 
to facilitate the construction of manufacturing simulations and the simulation system, which later on will be 
integrated as mentioned previously. 
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HIGH LEVEL ARCHITECTURE AND DISTRIBUTED MANUFACTURING SIMULATION ADAPTER 
The High Level Architecture (HLA) was developed by the U.S. Department of Defense's Defense Modeling and 
Simulation Office (D:MSO). The HLA is a standardized interface that provides a reliable approach for integrating 
distributed simulations (Kuhl 1999). The HLA provides a structural basis for software interoperability and a 
specification of the functional interfaces between HLA federates and the HLA Runtime Infrastructure (RTI). 

The HLA provides a structural basis for software interoperability and a specification of the functional interfaces 
betwee_n HLA federates and the HLA Runtime Infrastructure (Figure 1). However, the HLA is a very complex 

. environment and has a steep learning curve prior to effective utilization. NIST developed the DMS Adapter to 
reduce the effort required to integrate distributed manufacturing simulation systems and enable the integration of 
those systems with other manufacturing softwar~ applications. The distributed approach fostered by the DMS 
Adapter Architecture is depicted in Figure 2 [ 1] [2]. 

The DMS Adapter· developed by NIST has an import~nt role in integrating simulations. The Adapter is a component 
of an HLA-based infrastructure for distributed simulation of manufacturing facilities. (McLean and Riddick 2003) 
The adapter was developed .by NIST as part of the MISSION project, an international, collaborative project part of 
the international Intelligent ~anufacturing Systels (IMS) Program 

The DMS infrastructure uses the HLA, the High evel Architecture that has been adapted by the Object 
Management Group (OMO) as a technology for d stributed simulation. The HLA uses the Runtime Infrastructure 
(RTI) to manage the communications between federates of a federation. A federation is a collection of federates -
simulations models, data collectors, autonomous agents, pass_ive viewers and other system~. A federation execution 
is a simulation session in which a number of objects (simulation entities) in different federates participate. _Live 
entities and data collected from instruments can be mapped onto objects so they appear as simulated federates. 
Interactions are managed through a dynamic mechanism of publication and subscription of-object attributes. 
Interoperability is made possible via standards controlling the exchange of information via rules, interface · 
specificatio~, and object model tempiates. Reusability is achieved by adapting existing components (objects, whole 
simulations, parts of code) during the development of new simulations. · 

Figure 1 - HLA Architecture 
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F~gure .2 - NIST's DMS Adapter Architecture 

CUMBIA'S ARCHITECTURE 
CUMBIA is a product that proposes to make a paradigm shift to object technology and its applications: open source, 
object-oriented (reusable); Web based (Java). These characteristics will make CUMJ;HA accessible from any _ 
computer platform, e.g., accessible from the shop floor and from.the executive floor and accessible from outside by 
the company's suppliers (and their suppliers) and the company's customers (and their customers). 

CUMBIA will help perform tradeoff analysis that result in improved operations, decreased risks, increased safety, 
decreased costs, and improved efficiencies. To provide such decision support, CUMBIA will run behind the scenes 
process simulations, expert systems, optimization algorithms, or quick-and-dirty decision rules and will access 
current shop floor and supply chain data, capacity constraints, and current company plans in reaching a 
recommendation. 

This will be implemented through CUMBIA's MUSIC (Models, Users, and Simulations Integration Core) shown in 
figure 3, a collaborative HLA-based computing environment to support simulation: scenarios, reuse and integration 
of multidisciplinary models and existing software which represent elements of the enterprise. MUSIC will use HLA 
for interoperability of commercial technologies -including Discrete Event Simulation (DES) and Web-based 
simulations. In addition to HLA, MUSIC will use XML and ad-hoc adaptors to integrate CUMBIA artifacts with 
existing enterprise software and ':"ith shop-floor control data and supply-chain information. 

MUSIC is geared to integrate different manufacturing simulations with legacy software as it executes a 
manufacturing simulation run. Legacy software may be a new or existing simulation created with existing (non
HLA-compliant) simulation development tools. Other legacy software might be existing enterprise software dealing 
with non-simulation situations (production planning, human resources, inventory control, supply chain information, 
finance and accounting, among others). Yet a third form of legacy software may be provided by data collected from 
instruments data collectors, live entities and autonomous agents, or passive viewers and other systems. One of the 
goals of MUSIC is to minimize the changes needed for legacy simulations to participate in an integrated 
manufacturing simulation run. MUSIC will be based on the DMS Adapter. 
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Figure 3 - Models, Users, and Simulations Integration Core 

PLANOFWORK 
Initially we will focus on t~e definition of the objects that have to be developed to model different organizations. 
The open-source philosophy tries to provide easy access to needed knowledge and prospers with the contribution of 
some of the organizations that benefit from this product. We will use a practiced methodology (the UPM, Unified 
Process Methodology), an established modeling technique (the UML, Unified Mqdeling Language), a semantic web 
standard (extensible Markup Lc.1nguage, XML), and a well-tried software platform (Java) to ensure that thousands of 
other developers in the world can use our modules and contribute their own modules to the Center's repository. 

We will start analyzing a few organizations and focusing on their most important components, as defined by our 
clients, making sure that the developed models are both generic and general while being capable of easily acquiring 
very specific custom properties as needed by the user. We will concentrate on _developing a methodology to build 
truly general solutions that are easily customizable for specific client requirem~nts. We will develop a centralized 
glossary and database of common terms, standard documentation sets, and defined and encapsulated modules to 
ensure consistency among clients and improve product reusability. We will use business case models and other 
modeling constructs to ensure common terminology and appropriate model building. We will replace the traditional 
waterfall approach to problem solving by an iterative process. · 

The objective is to develop a repository that w1ll provide small and medium-sized businesses and industrial concerns 
with a system of classifying modeling objects as well as ~pecific examples to model and integrate their systems and 
optimize their operations. CUMBIA will be instrumental in -providing a centralized repository of tools and , , 
techniques - "artifacts" - focusing on the best engineering· and computer science practices for efforts dealing with 
enterprise engineering. An artifact may be described ~s a management technique, a piece of equipment, a 
communication protocol, or a company employee. · Artifacts can be considered kernels that together add up to a 
whole, the organization of interest, which is much; greater than the sum of the parts. Different organizations may 
have similar artifacts, but depending oh their own goals, these artifacts could be structured differently, leading to 
their individuality. It is in the commonality of attributes and behaviors that characterize most artifacts that this 
proposal is based. The artifacts will be developed to be integrated, economically reusable, reconfigurable, Internet 
sharable,·and easily adaptable to the organization's own individual characteristics. 
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The Center's development represents a commitment by researchers and client organizations to make a paradigm 
shift to object technology and its application in engineering studies, business management, software. development, 
and enterprise simulation and modeling. 

An iterative problem solving technique \Yill be used in replacement of traditional Industrial Engineering techniques. 
The traditional industrial engineering approach to ·problem solving is characterized by a "waterfall" process that 

- includes problem understanding, model design and development, data gathering, model verification and validation, 
analysis of alternatives, and implementation of the sel_ected alternatives. Unfortunately, this approach often results in 
user or business needs not met, modules that do not integrate, uncoordinated team efforts, late discovery of flaws, 
and poor quality or end-user experience.· On the other hand, the iterative process involves the development and 
management of requirements to continuously verify quality, deal ·incrementally with complexity, and promote 
continuous improvement. Compared to_ the traditional waterfall process, the iterative process has more advantages 
because risks are mitigated earlier, change is more manageable, reusability is increased, the project team can learn 
along the way, and overall quality is improved. Each iteration results in a tangible product, which can be a software 
executable release or a physically new organizational structure or operational procedure. 

Concurrently the integration of several legacy software programs into the system's architecture has to be developed. 
XML is the language in which this communication is going to be established. Some of this work is already done for 
legacy simulations with the DMS adapter, but the rest has to ·be created for another kind of software that, for 
instance, does not manage time or just receives or gives some static data. 

RESEARCH CONTRIBUTION 
MUSIC will expand NIST's work to the run-time integration of an array of simulation and non-simulation models 
that will support decision-making at different levels (from shop•_floor to the management floor to the whole supply 
chain) of the manufacturing enterprise and at different levels of detail both in terms of time as in terms of physical 

· units for the different objects included in the simulation. This decision-support system will make possible to 
generate information that' feeds from lower level simulations (written in conventional DES languages) to higher 
level simulations (written in System Dynamics models) and integrate into the analysis rules and suggestions as 
provided by Expert Systems software (Figure 4). The approach will include access to shop floor control data and 
other (non simulation) legacy software and will also make possible the simultane(?US access (over the Internet) to 
executing simulation models for users in different locations, thus fostering a collaborative work environment. 
Finally, it will make possible to take advantage of environments· such as the Synchronous Parallel Environment for 
. Emulation_ and Discrete-Event Simulation (SPEED ES) to improve performance by distributing the computer load 
across multiple computer processors working in parallel [ 16]. · 

CONCLUSIONS AND FUTURE WORK 
In this document we have addressed the integration of simulation software with different legacy software and shop 
floor control data using HLA to develop a powerful architecture that will represent a competitive advantage for the 
small and medium-size industry. The project will also include the development of a repository that will make 
possible a faster and more accessible· construction of manufacturing simulations. All these developments will assist 
not only the upper management but also the whole company to reach recommendations and take decisions based on 
real and actual data. 

A lot of work needs to be done in this matter, such the development of code and the identification and creation of 
components that the proposed architecture needs. Therefore, our next step is to demonstrate the relevance of this 
research in order to gather the resources and partners that will make possible the development of these ideas. 
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PARALLEL PROGRAMMING ENHANCEMENTS FOR PROCESSING HYDROGRAPHIC DATA 

M.J. Miller, Geary Layne, Doug Cronin 
The Naval Research Laboratory, University of Southern Mississippi Hydrographic Science Research Center 

ABSTRACT 
Parallel programming techniques have been used for years to develop processing software that does the same work 
in otily a fraction of the time. The research in this paper focuses on the 1/0 problem associated with a parallel 
application writing to a single physical disk. Included in our research are the original ideas that led to the first 
version of the parallel software, subsequent versions of the software derived from.lessons learned from benchmark 
results, and speedup results of each version. The platform used was a custom built Linux Beowulf cluster running a 
standard Linux kernel and the MPICH parallel message-passing library. The underlying purpose of~s software is 
to process hydrographic data having a complicated;'multi~tiered format. The data processing involves reading tens to 
hundreds of files containing raw data, filtering out extraneous data values, and writing the filtered data to a single 
file used in additional processing. The problem is not computationally intensive, but'bound by the system's file 
writing capability. Subsequent versions of the parallel software developed exploit the strengths of the system's 
hardware to write the output file in the· most 'time efficient manner. Each software version uses advanced software 
architecture schemes to achieve better results. Results show that the more responsible the software was for 
organizing the data before writing, the better the speedup. The critical factor for writing data efficiently involved the 
limitation of writing data over a single 1/0 controller. Our parallel software has fantastic utility where system 
specifications do not allow for the use of parallel file systems, or writing data over multiple 1/0 controllers. 

INTRODUCTION 
The Naval Research Laboratory's (NRL) Code 7440 Production Enhanceinent Team at the Stennis Space Center has 
been tasked to develop ways to speedup hydrographic data processing at the Naval Oceanographic Office (NA VO) 
[Depn02]. This paper presents the final development of a parallelized version of the Pfm _loader application . 
customized to run on a Beowulf cluster. · 

This paper specifically covers software development efforts in early FY02 [Sarn02 ]. In a series of algorithms, called 
Schemes D, E, and F, a parallel algorithm previously implemented in Scheme C (Figure 1) has been integrated with 
an improved version ofNAVO's Pure File Magic (PFM) library. Former versions of this software, not mentioned, 
Schemes A and B, were used as a design platform for the software architecture found in Scheme C. The main goal 
of this work was to increase the' Writing rate of binned data to a physical disk. The final software version is Scheme 
F. 

The final parallel code of Scheme F achieves the best speedup for the largest available test dataset. The simple runs 
(no filtering) exhibited a speedup of 10 times the speed of the original, serial algorithm. Runs with swath filtering 
showed a top speedup of 8. Runs with area filtering reached a speedup of 6.5. Runs with both swath and area 
filtering showed a top speedup of 7. In all cases, data strongly suggest that greater speedups could be achieved for 
larger than tested input datasets. · 

Section 2 of this paper is devoted to Scheme D. Section 3 presents results,9n an implemented threaded version of 
Scheme D. Section 4 presents results for Scheme E. Section 5 describes Scheme F. Detailed results are presented on 
the petformance of Scheme F when swath and area based filtering are enabled. Section 6 presents results illustrating 
the effect of the physical disk's 1/0 throughput rates on speedup results. ~ection 7 discusses results and future plans. 

SCHEMED 
In Scheme D, as in Scheme C, nodes are assigned one of the following roles - a manager node, an i/o node, or a 
worker node. More of the functionality of the _original PFM library has been assigned to the worker nodes in Scheme 
D than in earlier schemes. The following list describes the parallel communication scheme: 
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• The manager node waits for requests from the worker nodes. A single file name is sent by the manager for 
each worker node request. The manager node terminates once the file processing list is exhausted. 

• Each worker node sends a file request to the manager node, then receives a file name to process. The 
worker nodes have connectivity to each file location and are responsible for reading, sorting and 
compressing the sounding data according to bin index in the same way as was done in the original PFM 
library. Once the processing file list is exhausted on the manager node, the first worker to complete . 
processing its current file becomes identified as a grouping node. · 

• The 1/0 node receives sounding data in the PFM compressed format and writes them into the PPM-style 
depth blocks consisting of six sounding data and a continuation pointer. Once data from all worker nodes 
has been received, the 1/0 node performs a validity check before terminating.' The PFM file is the output 
product allowing users to visually edit the data. 

Figure 2 illustrates achieved speedups for different loads. The test datasets are denoted by the number of files run at 
one time (7, 12, 24, 48, 74 files). T~ngs have been averaged over four runs. Speedup figures are created by 
comparing parallel a~d serial runs. In the case of algorithm speedups, the comparisons are made with corresponding 
timings for three Message Passing Interface (MPI) processes. Speedups exhibited by Scheme D reach about 7 for the 
four larger dataset loads. For the smallest dataset, Scheme D shows a speedup of around 5, cutting the run time from 
2 min to 23 sec. For the largest input dataset tested, the measured speedup is 7 fold, reducing execution time from 
24 min .to 3 min 20 sec. The optimal number of MPI processes is 9 for this scheme. 

THREADING 
Initial Plan 
The overall process flow can be improved by grouping tasks into at least two threads on the I/0 node and a worker 
node. Tasks related to MPI communication can be accomplished py a separate thread. A testing program mixing 

· MPI and threading confirmed that MPI Chamleon (MPICH) allows only a single thread to execute MPI calls. On the 
1/0 node, a separate communication thread· would take care of receiving buffers. The other thread would be 
responsible for writing data to the PFM output file . On the worker node, a communication thread would send full 
buffers to the 1/0 node. 

: The second thread would transfer and process sounding data from input files to buffers. Tests are planned to check if 
the currently used dual-CPU system boards will efficiently support two application threads. A quad system board 
for the 1/0 node could be used if that proved beneficial. 
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Threading the 1/0 Node: Algorithm 
Only one part of the above plan has been implemented: Scheme D has been tested using Linux Posix threads on the 
1/0 node only. Processing on the 1/0 node has been separated into two threads. The main thread (which acts as the 
main communication thread) does all necessary initialization and then creates one additional thread, called the 1/0 
processing thread. The processing thread submits data to the output PFM file. All MPI function calls are done only 
by the main thread, which receives buffers from worker nodes and submits them to a work queue. The 1/0 
processing thread checks the work queue for any full buffers and uses PFM function calls to write data to the PFM 
output file. An empty buffer is returned to the work queue area. The algorithm reuses buffers to avoid reinitializing 
buffers. All access to the work queue is safeguarded by "a mutex lock" (Mutually Exclusive Access Lock) 
mechanism, a standard tool available in the_ thread library. A small set of a few empty buffers is initialized in 
advance on the 1/0 communication side. If all empty buffers on the 1/0 communication node are used, that thread 
enters the work queue and receives their empty b_¢Iers. _ If no empty buffers are available in the work queue area, the 
1/0 communication thread initializes a fresh buffer. If initializing the fresh buffer fails, the 1/0 communication 
thread waits for the 1/0 processing thread to return a buffer. The creation of additipnal buffers is always expected 
because PFM library operations are the slowest part of processing (since these library operations require multiple 
accesses to the physical disk drive) . . 
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-Figure 3: Achieved speedups of Scheme D-Thre~ded for different loads 

Threading the 1/0 Node: Results 
figure 3 illustrates achieved speedups for different loads. Speedup values for the Scheme D-Threaded version are 
noticeably smaller than the original Scheme D. Such results could be attributed to the additional overhead of the 
thread library. However, results fc;,r the largest test dataset (74 files) are especially disappointing, due to the lack of 
control of the memory usage on the 1/0 node in the threaded code. This preliminary threaded version has no control 
on the number of buffers used to keep incoming buffers on the 1/0 node. Since worker nodes deliver buffers much 
faster than the 1/0 node could possibly write them to a (slow) physical disk, incoming buffers forced the operating 
system on the 1/0 node to use disk s_wap space, causing a significant slow down in processing. 

SCHEMEE 
Group Sounding Data into Packages of Six 
The improved version of the PFM library, as well as the original library, writes data to the physical disk in fixed 
length blocks. Each block can hold up to six sounding values (the value of six is configurable). To take advantage of 
these blocks, sounding data are sent in groups of six (with the same bin index). At first, worker nodes send depths 
grouped into packets of six ( with same bin indexes) to create full depth records in PFM style. When all input file 
names have been distributed (and most of the files have been already processed) the finishing -worker nodes have 
some leftover 4epth data. Separately, each node cannot create a final full depth record containing 6 sounding values 
for one bin index. Under the direction of the manager node, the first worker node to finish processing becomes a 
sorting and grouping node. Then, the other worker nodes send their leftover data to that sorting node for 

· consolidation.Subsequently, full records are sent to the sorting and grouping node (the one which currently is 
accepting data) with the final leftover data sent to the 1/0 node. This additional effort of sorting into groups of six 
depths has the advantage of increasing speed of writing the data to disk as well as avoiding any need to reread and 
rewrite partially empty depth records. Further improvements include a new interface function to the PFM library to 

. accommodate direct writing of blocks to the PFM file. Also, worker nodes are given the additional task of creation 
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of complete depth blocks. This improvement reduces the 1/0 node's task to simply updating the continuation 
pointers before writing data to disk. 

Results 
Figure 4 illustrates achieved speedups for different loads, compared with the original serial application. The timings 
have· been averaged from four runs. A comparison between speedup numbers for Schemes D and E shows that 
values for Scheme E are noticeably smaller, except for the largest test dataset. For the smallest dataset, Scheme E 
shows a speedup around 4.5, reducing the run time froll) 2 min to 26 sec. For the largest input dataset tested, the 
measured speedup is around 7, reducing execution time from 24 min to 3 min 19 sec. The optimal number ofMPI 
processes is 10 for larger datasets in Scheme E. 

Filtering, Recomputing Steps and Final Tune-up 
The original filtering functionality works well in the Beowulf cluster environment. The original swath filtering was 
being handled separately for each input file. Thus.the new distributed scheme of processing input files by a group of 
worker nodes has rio effect on swath filtering. The 'same has been found for the rec9mputing step and area based 
filtering, which run without any changes to the code because they are executed in the serial phase, on the 1/0 node, 
only after the PFM file h~s already been created. \ 

SCHEMEF 
A tuned version of the new PFM library was used iljl Scheme F. Scheme F was tested with four different setups, 
involving two possible filtering procedures: swath filtering, area filtering, both swath and area filtering, and no 
filtering ( called "simple runs"). Each of these four setups _has been tested with the stanc,lard five data test loads. 
Results are presented in figures 5 - 7. 
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Figure 5: Achieved speedups of S~heme.F w_ith no Filtering 
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Figure 6: Scheme F with Area-Filtering 

It was found that Scheme F achieves· the best speedup for the largest available test dataset. The simple runs (no 
filtering) exhibited a speedup of 10. Runs with swath filtering enabled showed a top speedup of 8. Runs with area 
filtering reached a speedup of 6.5. Runs with both swath and area filtering enabled showed a top speedup of 7. In the 
simple runs, swath filtering and area-based filtering are turned off. Figure 7 illustrate~ achieved speedups for _ 
different loads and filter processing. For the smallest dataset, when swath filtering is turned on, worker nodes filter 
the sounding data by swath before assembling them and sending to the 1/0 node. Since swath filtering puts 
additional processing onto worker nodes, such code behavior is to be expected. Worker nodes perform swath 
filtering on sounding data read from the input files . When area filtering is also turned on, the 1/0 node also performs 
area filtering of sounding data. Since area filtering is done exclusively by the 1/0 node after all sounding data has 
been written to the PFM file, the area filtering is performed in the serial phase of overall processing: 

FINAL VERSION 
Figure 8 illustrates achieved speedups for different loads. The latest datasets are denoted by the number of files run 
at one time (100,200,300,400, 500, 600 files). Timings have been averaged over four runs. Speedup figures are 
created by comparing parallel and sequential runs. For the smallest dataset, a maximum speedup of 3.8 is achieved 
when using 8 processors, cutting the run time from 2 min to 32 sec. For the largest input dataset tested, the 
measured speedup is 12.6,_ reducing execution time from 33 hours to 2 hours 39 min. The optimal number of 
processors is 16 for this scheme. 
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Figure 7: Scheme F using b~th filters 
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THE ROLE OF HARD DRIVE PERFORMANCE 

Number of Generic Sensor Format (GSF) input files 
. ·12 24 48 74 

Timings of s_erial code, before BIOS upgrade 
203.57 439.253 946.034 . 1607.132 
Timin_gs of serial code, with BIOS upgrade · 
192.216 412.311 893.726 1433.211 

5.58% 
Percentage change 

6.13% 5.53% 10.82% 

Table 1: Timings of change in hard drive performance 
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This section presents arguments to support the claim that the application Pfm_loader is I/O bound. When Scheme D 
was developed, upgrading the BIOS on each Beowulf cluster node resulted in significant improvement in the 
throughput of cluster IDE {AT A 100) disks. These changes significantly affected the run time of parallel codes as 
well as the original serial code. The changes for the original serial code are in the range from 5% to 11 % (table 1). 
The resulting speedup is presented in figure_ s·. Speedup numbers-are derived by comparing parallel and serial runs. 
In the case of algorithm speedups, the comparisons are done with corresponding timings for three MPI processes. 
The changes range from 29% to 57%, which at least triples that of corresponding percentage changes for serial runs. 

SUMMARY 
The optimal number of MPI processes for the simple runs with large datasets is 16. When area filtering is turned on, 
the I/O node filters sounding data by geographic area. Since area filtering is done exclusively by the 1/0 node after 
all sounding dc,ita has been already written to the PFM file, this processing adds to the length of the serial phase in 
the overall processing. The serial processing nature of area filtering causes the greatest reduction in performance. 
The final parallel code, version 1.0, achieves the best speedup for-the largest available test dataset. The simple runs 

· (no filtering) exhibited a speedup of 12.6 times the speed of the original, serial algorithm using 16 processors. In all 
test cases, performance data strongly suggest that greater speedups could be achieved if the Beowulf cluster is 
attached to a data center configured with a parallel file system. The parallel file system will allow the output PFM 
file to be written using multiple 1/0 controllers simultaneously. 
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VISUALIZATION OF TURBULENT FLOW MODELS 

Supreeya Miller 
The University of Southern Mississippi 

ABSTRACT 
This paper begins with a review· of some Qf the different approaches adopted for computational modeling of 
turbulent flows. By considering the time. and length scales of turbulent flows, a statistical description, and the 
turbulent eddy structures is modeled using local mean velocity gradients. This method is used in developing a 
simple model that computing the turbulent flow structures using only local mean quantities. 

INTRODUCTION 
The purpose of most practical calculations in turbulent flows is to obtain ensemble average statistics such as the 

mean values of velocity Ui, pressure p, temperature 0, and moments uiu j , pu; , etc., given certain boundary and 

initial conditions. The central problem in any computation of turbulent flows is to adopt an appropriate and accurate 
closure scheme [Laun89]. Although such models are improving and providing better results when compared with 
experiments, however there still remain questions about their validity in various regions of the flow field, such as the 
near-wall anisotropies that are inherent in flows near obstacles [Moin&Mah98]. Equally important in computation 
turbulent flows is the appropriate choice of numerical methodoiogy, which must be adopted to obtain an accurate 
solution. The closure methodology adopted for any turbulent flows are usually achieved with comparison with other 
turbulent models, experimental data and often with Direct Numerical Simulation (DNS) of turbulence 
[Kim&Moin87], which gives strikingly similar results to those observed experimentally. 

· Understanding the structure ofturb~lence is essential to understanding practical applications that depend on local 
fluctuations of eddy motions. T_hese local fluctuations have more to do with the local field statistics than the 
ensemble statistics. The reason is ensemble statistics provide information about the state of the entire domain. 
Therefore, there must be a focus on the structure of turbulence in order to develop models that can better represent 
local fluctuations. 

METHODOLOGIES USED IN COMPUTATIONAL FLUID DYNAMICS 

Modeling at different computational levels of CFD 
CFD algorithms are computationally evaluated based on current computing power available. As computers grow 
more powerful, algorithms once thought to be unmanageable from a runtime perspective are now viable tools for 
computations and complex flows. Different types of CFD calculations can be categorized as: 

1) Direct Numerical Simulation (DNS), which defines all of the flow field with confining boundaries and 
usually with Reynolds numbers less than 500 ( depending on the domain size and the free stream velocity). 

2) Approximate general methods, which generate realistic models by simulating random fields; such as Large 
Eddy Simulation (LES), Approximate Numerical Simulation (ANS), and Kinematic Simulation (KS). 

3) Methods that are specific to particular classes of flows, such as modeling Reynolds stresses with an closure 
model defined by equations containing coefficients chosen for particular flows, e.g. models of boundary 
layers [Cebec74] or integral models of jets and plumes [Tume73], or random flight models for mean and 
variances of concentrati9n fields in turbulence [Thoms87]. 

Characterizing Turbulent Flows 
The study and understanding of turbulence always had to be related to what kind of flow is being considered, 
because the structure of turbulence is the same in all flows. Using statistics to describe turbulent flows evolve 

. toward some steady state independent of any boundary and initial conditions was first suggested by Landau and 
Lifshitz [Landa59]. Turbulent flows may also be an intrinsic feature of the flow and may primarily be determined by 
the turbulence entering the flow domain. It is useful to characterize turbulent flows in order to better understand 
which model to adopt for particular simulations and for relating more complex turbulent flows to a simpler one for 
better understanding the flow structures. 
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There are two ·basic types of boundary conditions in turbulent flows: Closed and Open domains. In closed domain 
systems, the turbulent flow is confined by the surfaces of the container, or completely specified at the boundary. 
Turbulence .is generated due to flow instabilities such as shear, buoyancy, and rotation which when coupled with 
boundary effects, produce the macroscopic structure of the turbulence. Open domain boundaries consider flows that 
enter and exit thr_ough a bounding surface such as a cylinder, or square duct. Flows within the domain are affected 
by the velocity field at the boundary, which may have significant correlation between the turbulence in that domain 
and exterior domain where the flow is in free stream condition. 

TURBULENT FLOWS 
The remainder of this paper will focus on research conducted using a DNS data set acquired from Stanford 
University and using a simulation model that is categorized as an open domain, time dependent model. This model 
considers time and length scales of the turbulent flows and calculates a low-order statistical description and general 
form of eddy structures using local mean velocity gradients. First, in order to simplify the compu~tional aspects of 
the model, the data set needs to be re-sampled so~that the model's runtime is reasonably small. Tlie next section 
describes a new algorithm used to accomplish the re-sampling. 

Re-sampling vector fields for better visualizatiot 
A number of techniques are available·fone-sampli g the results of a spatial measurem_ ent [Glass95vl]. Most.regular 
grid techniques perform re-sampling from one reg ar grid to another, even though the data is on an irregular grid 
points. Due to the volume of data to be processed, . d thus the high order of computational complexity, a quick and 
easy re-sampling algorithm is needed. A new approhch, the bilinear interpolation scheme illustrated in Figure 1 
[Chetv99]. Given a regular grid point pg, the algorithm interpolates the velocity vector of point pg by including 
points p;, i = 1,2, ... , k, that lie within a specified distance S from pg, The algorithm is constructed as follows: Let the 

velocity vectors of points p; be defined by v;, and let d ;2 define the squared distance from p; to Pg· Let_ d2 define the 

mean of d;2 over all i. From these definitions the following quantities can be introduced: 

k c-11> 
a.= e d2 

I 0 < a;,/3; ~ 1 and L/3; = i 

Thus, the interpolated veiocity at point Pg is computed as: -

Pi 

k 

vg = L/3;V; 
i=l 

Figure 1 Graphic depiction of modified bilinear interpolation 
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The Stanford dataset consists of two files where the first has the spatial coordinates for the domain grid points, and 
the second file has the three velocity components that map one-to-one with the spatial coordinates. The domain grid 

is semi-regular with the following grid points ( N x, NY, N z) = (163, 88, 257). 

In order to visualize the structure of the velocity field, the model initially chooses a specified number of random 
positions on the upwind boundary. These locations are graphically represented as spheres where for each time step a 
new location for each sphere is calculated using the re-sampling algorithm described above. A Hash table algorithm 
was used that optimally locates the eight nearest neighbors of each of the random positions. Using the Hash table 
and re-sampling algorithms provides the ineans to compute a temporal update of the new spatial position and 
velocity for each sphere. Figure 2 shows how typical paths for sphere traveling through the domain. 

Figure 2 Typical paths produced by model 

SUMMARY 
Results in figure 2 show the effect of the rectangular obstacle on the velocity field, and what paths the spheres will 
take when entering the upwind domain· boundary. The Stanford dataset provides only steady state mean velocity 
fields, i.e. the velocity field within the domain is constant at a particular interval of time. For visualization purposes 
the display frame rate may be varied to increase or decrease the time evolution of the simulation. The simulation 
animates graphically in three dimensions how the spheres migrate through the domain. Note that, the size and shape 
of the obstacle may be varied to study.turbulence effects near the edges of the obstacle. Future studies_will include 
other turbulence mod.els that use-the pressure field data from the second file in the Stanford data set. These studies 
will reach the goal of modeling eddy structure of turbulence produced by the presence of the obstacle. 

[Cebec89] 

[Chetv99] 
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IMPORTANCE OF PROGRAMMING SKILLS IN SIMULATION 

Irin Portnaya 
University of Central Florida 

ABSTRACT 

In past years, Modeling & Simulation has been gaining popularity as a powerful analytical tool in various 
industries. The simulation techniques have been maturing and diversifying. From discrete event to object 
oriented and even agent-based simulations, a multitude of simulation packages are already available on the 
market. Some universities are now offering programs focused on simulation. These programs aim to incorporate 
the necessary skills for carrying out successful simulations and introduce students to simulation software. 
However, simply learning a few simulation packages is not enough to be a successful professional in the field of 
Modeling & Simulation. Nowadays, it is difficult to get by without having some understanding of computer 
technology. Going a step further and learning some basic programming skills may prove to be a valuable 
investment of time and effort. It is often argued ~at a simulation analyst need not be a programmer to 
successfully conduct a simulation'study. Neverth less, an analyst, who knows the programming fundamentals 
and understands the logic behind the software, c use it to its fullest potential and create complex, accurate 
models quickly and efficiently. This paper discussfs how a simulation analyst can implement basic knowledge 
of computer programming to give the simulation project its edge. 

I 

INTRODUCTION 
Simulation originated as a term closely associated with military .research and development. Currently, modeling 
and simulation-is a widely accepted and successful analytical tool in use in many.industries such as 
manufacturing, logistics, transportation and medicine. 

As the area of modeling and simulation grows, new techniques and methodologies are developed. Even before · 
computers entered the picture, Monte Carlo Simulations paved the way for current simulations (Kleijnen 2001). 
This method demonstrated how stochastic techniques can help answer forecasting questions. Later, Discrete . 
Event Simulation (DES) became the method that gained popularity in the commercial community. DES allowed 
companies to assess and optimize their processes and come up with new more efficient systems. This approach 
quickly provided a relatively cheap environment for testing and experimentation. With the emergence of such 

· Object Oriented (00) languages as Java, Object Oriented Simulation took note ofOO's ability to capture the 
real world. Even, some of the most popular DES software packages implement an object oriented approach to 
allow the user to visually construct the model. A relatively new initiative is Agent Based Simulation, an attempt 
to model human thinking. This approach is not widely used in the industry yet; the technique is still in its 
research stages and bolds great promise. 

No matter where Modeling & Simulation (M&S) is headed, one thing is clear, computers will be there. A 
multitude of different sim~lation packages are already available on the market. However, simply learning a few 
of these packages may not be. enough to be a successful M&S professional. Acquiring proficiency in basic 
programming skills enhances professional ' s capabilities and provides value added training in many stages of 
simulation. 

SKILLS- NEEDED FOR MODELING AND SIMULATION 
Some universities are now offering programs focused on simulation. These programs aim to incorporate the 
necessary skills for carrying out successful simulations. Rohrer and Banks (1998) outline tasks involved in 
simulation as data collection, conceptual model development, specification development, model construction, 
verification, validation, experimentation, and presentation of results. These tasks encompass a diversity of 

· skills. 

Much attention is given to statistics. Fitting distributions to the input data, verifying and validating the model, 
. and extracting significant results from the output data are the tasks that make solid statistical methods crucial 
. resources. 

490 



Proceedings of the 2004 IEMS Conference 

Know the Software and Make the Right Choice 
As the field of Modeling & Simulation grows, the number of software packages available on the market 
increases. Simulation analysts will need to constantly familiarize themselves with new software, as simulation 
needs change or as new techniques become available. Vendors strive to make their software easy to use by 
professionals with no programming skills. This comes at a cost of functionality. The easier these packages are 
for user to understand and implement the more rigid and narrow in application they become. Even behind the 
"user-friendly" interfaces each one of these packages will contain some code. This code will ultimately use the 
same programming paradigms mentioned above. Although, it would be ineffective to attempt sorting through 
that code, it is helpful to be aware of the techniques. This knowledge may promote an understanding of the 
logic in the software and will help speed up the learning process. According to Shiflet: "A scientist who knows 
how to program usually can quickly learn how to use a tool" (2002). 

Understanding how a software package works may also be helpful when choosing the right tool. It is easy to get 
carried away l:>y the marketing promises offancy-advertisements. But just as the process of data collection 
requires a dose of skepticism, so does the evaluation of a new tool. Schruben stresses the importance of 
becoming familiar· with a variety of simulation packages: "It's like teaching a class in driver's education, after 
which students can only drive a '94 Oldsmobile Cutlass. Simulation education, as opposed to training, should 
teach what goes 'under t)ie hood' where all the simulation packages have fundamentally the same engines" 
(2001). 

As mentioned earlier, Object Oriented Simulation is gaining popularity. The rise in popularity of object oriented 
technique~ gave way to flexible simulations, able to represent large complex systems. Most of the tools 
available for Object Oriented Simulation (OOS) are written in Java or C++, and do require the user to program 
in those languages. An example of a powerful object oriented simulation tool is Cougaar. Cougaar is an open 
source, agent-based architecture for distributed computing. It was created by a DARPA_program called 
Advanced Logistics Project (ALP), which concentrated on improving military logistics. Cougaar is a software 
code written in Java, which incorporates agent ideology and provides a framework for developing agent based 
applications. It is also a methodology for developing distributed applications. Cougaar is based on the human 
cognitive model of planning. Agents in Cougaar are proactive and independent of each other. This makes , · 
Cougaar very appealing when modeling organizations, systems where humans react and make decisions. 

OOS may prove to be a powerful tool in an appropriate situation. Dismissing it simply due to th~ need to apply 
programming skills may compromise the simulation project. 

Build an Error Free Model _ . 
This is a case, where a simulation model construction is exactly like software development. in software 
development, writing a program is only the beginning. Similarly in simulation, building a model is followed by 
debugging. A significant amount of time is spent on making the simulation run and do so correctly. Rohrer and 
Banks (1998) agree that simulation analysts must possess debugging skills. Debugging strategies are among the 
first concepts to be taught in a computer science courses. Being aware of the various debugging techniques can 
save a lot of time, especially when constructing a large simulation. On the other hand, when an analyst is not 
able to catch syntax or logic errors quickly and efficiently, the task of programming a model can become a 
frustrating experience (L'Ecuyer 2001). 

Using proven debugging techniques, the simulation analysts can quickly determine the origin of an error and fix 
it. In many cases, the simulation runs but produces erroneous results. This also falls into the category .of 
debugging. The analyst should be able to follow the process and find the origin of the problem. Many 
simulation packages provide debugging tools, such as options to trace entities. These tools combined with the · · 
knowledge of basic debugging practices, can be valuable assets to the simulation analyst. 

Automate/Reuse Mundane Tasks 
Building a simulation model often means manipulating large sets of data. One or more spreadsheets may be 
used to populate the model. The data may need to be filtered, filled in, moved or otherwise manipulated. These 
tasks tend to be iterative. When the data changes are made, multiple steps may be involved in updating the final 
set that is used in the model. Many professionals simply accept the fact that these tasks are mundane, tedious 
but necessary, when in fact much of the effort can be saved by implementing such aids as macros. Both 
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Simulation practitioners, who are willing to go beyond the basics to learn how to create simple applications, 
may benefit from creating custom tools to enhance project implementation. One of the biggest challenges in a 
simulation project is the collection of input data. This was the case during the above mentioned simulation 
project at Lockheed Martin Missiles and Fire Control. Most of the needed data was available in a corporate 
database, but involved many labor hours to obtain and format. To relieve this problem, a custom automated data 
collection tool was developed using Visual Studio .NET. It utilized direct links to the corporate database and 
allowed for quick and efficient gathering of data, while minimizing human error. 

The interface gives the user choic~s to specify what kind of information is desired. The key to the tool's 
functionality is the SQL queries formulated dynamically to match the user's request. As data is obtained and 
formatted, it is stored at a specified location. This application significantly reduced the labor time involved in 
data collection, improved data accuracy and allowed for effortless regeneration of the datasets, following 
updates in the corporate sources. 

CONCLUSION 
The simulation field is growing and one can find plenty of literature providing ad.vice on what it takes to 
successfully complete a simulation study .. As the models increase in complexity, more emphasis is placed on the 
programming ability as stated by McLean (2001). Unfortunately, programming skills are not currently seen as a 
significant aspect of simulation professional's core training and preparation. One can complete all the tasks 
involved in simulation without any programming skills, nonetheless, the benefits open many doors. The analyst 
who knows the programming fundamentals and understands the logic behind the software can use it to its fullest 
potential and create complex, accurate models quickiy and efficiently. This professional is likely to make 
appropriate choices when it comes to simulation packages and transition easily. Understanding and using 
debugging techniques would lead to a more efficient model building process. As an additional perk, 
programming ability can help analyst automate tedious repetitive tasks or even create custom applications. 
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for factors .that permit differentiation between clusters of debris found); and association ( discovery of rules 
showing attribute-value conditions that occur frequently, e.g., determining the level of support (probability 
of the intersection) and confidence (conditional probability) that may be associated to statements such as 
l'given ·size in this range and the location of the specific component in the orbiter's frame the outcome will 
be ... "). . 

This database will consist of data collected from findings of the search and rescue teams, geographical 
information system's positioning of fragments, and telemetry data that were provided to us by the United 
Space Alliance. As expected, the current data is sparse with actual fields recorded for each fragment 
presenting large variation between encounters for the same type of component and for similar components 
in different sections of the orbiter. In the data mart, the Columbia's Reconstruction database is enhanced 
with the orbiter's design plans. We ·are building the data mart using MYSQL. To store images we will 
convert them to binary form and store them in the database as binary large objects (BLOBs). Data mining 
will be used to develop empirical models of Columbia's fragmentation patterns. 

DATABASE DEVELOPMENT 
The construction of the database is based on the Entity Relationship (ER) models for Database Design. The Entity 
Relationship model allows for the description o~the data involved in a real-world system in terms of entities and 
their relationships. Briefing out the ER model, Entityis a Real-world object distinguishable from other objects. 
An entity is described using a set of attributes. relation is an association among two or more entities. 

The data in the Columbia database is categorized1into entities like General (containing the general information of a 
part), Position (the GPS position of the part), Location (the location of the part), Dimension (the dimension of the 
part), and Image (the image of the part). All the relationships are defined using a primary key called KSC_ID. The 
following diagrams describe each entity and its attributes. · 

Figl: ER Model for General, Dimension, Position, and Location 
MYSQL, a freeware, holds the entities as tables. This back-end has some advantages: 

• It is an open-source database. 
• It works on many platforms, including Windows and Unix. 
• It supports the ODBC standards. 
• It implements standard SQL features. 
• It can easily merge many tables. 
• It makes it really easy to backup, move, delete and even symlink databases and tables when the server is 

down. 
• It has multi-table DELETE and multi-table UPDATE. 
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The material of the debris, when available, were found by parsing both the Engineering Comments and the EPA 
Comments columns of the original Microsoft Excel files provided to us by USA. Given that a large number of 
pieces of debris were simply described as being metal or composite, those generic terms were also considered as 
material descriptors. If additional material information is available in the future, the items of interest will always be 
easily tracked in the database. 

Since the release of the Columbia Accident Investigation Board (CAIB) report in August 2003, the weight° and an 
accurate dimensioning of each fragment have been at the center of any discussion that has taken place concerning 
the enhancement of the Columbia debris database. The methodology by which this information will be collected is 
currently being discussed by an interagency panel led by the FAA and the USAF. 

At least equally important, however, is the determination of a ballistic coefficient estimate for each piece of debris, 
·which -related the drag coefficient (Cd) ofan object to its weight (W) and cross sectional (A) as follows: 

w P=-
cdA 

While debris with a low Ps should not be much of a concern in terms of their lethality, the same cannot be said for 
high ballistic coefficient fragments. According to ACTA Inc. [1] based on the 15,470 pieces recorded with at least 
two dimensions, the distribution of p appears to be similar to a· lognormal distribution with the mean located in the 
1<0<3 lb/ft2 category. However, these results were obtained by subdividing the above debris into four categories of 
assigned drag coefficients as follows. 

T bl 1 D C ffi . b d b . a e : ra2 oe 1c1ent 1y e r1s category 
Cate2ory Cd 
Core 0.3 
Tube 0.5 
Plate/Fabric/Plastic/Tile 0.8 
Else 0.8 

As ·the assumptions in Table 1 may affect the validity of future debris/fragmentation models, future work may 
include development of an algorithm aimed at estimating the drag coefficient instead of p. This in conjunction with 
the availability of individual debris weight and better dimensioning would likely allow for a better estimation of the 
ballistic coefficient. 

DATA MINING AND SUPPORT VECTOR MACHINES 

Learning methodology is the approach of constructing a function from examples. If the examples are input-output 
pairs then it is called supervised learning and the examples are referred to as training data. This methodology is 
particularly useful when dealing with complex problems when there is no known algorithm to compute the output 
from the input. 

According to the set of possible outputs, a supervised learning problem can be classified as: 
• Binary classification or binary pattern recognition if it has two elements, 
• Multi-class classification if it .has a finite number of categories, and 
• Regression if it is the set of re~l numbers. 

Usually the input output pairings will allow us to determine a target function whose estimate is the solution of the 
learning problem. The solution is selected from a set of candidate functions, known as hypotheses, by means of.an 
algorithm called the learning algorithm. 

The learning ~ethodology is not without difficulties. Cristianini and Shawe-Taylor [2] listed some situations that 
appear in practice: 

• The learning algorithm may prove inefficient as for example in the case ·of local minima. 
• The size of the output hypothesis can become large and impractical. For example, learning in a three nodes 

neural network is known to be NP-Complete [3]. 
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Figure 5: The training data is mapped into a higher dimensional 
· space where they can be separated by an hyperplane. 

For a detailed introduction to support vector machines, the reader can refer to [2] and [6] and references therein. 

We intend to use a support vector.machine to det rmine the relationship between the properties of a particular object 
and the position where it fell. The properties that we intend to use are the following: 

• Ballistic coefficient 
• Size 
• Material 
• Mass 

The results will be compared to those obtained by other algorithms available in SAS Enterprise Miner™ softw~e 
like neural networks, decision trees, regression, memory-based reasoning and others. 

CONCLUSIONS 

The Columbia Reconstruction Database project is currently underway. Using MYSQL as its back end, the database 
uses a suitable java interface for the user to interact with. When completed, the result will be an enhanced database ' 
in terms of 1) the actual number of fragments that were recovered from Columbia, 2) the descriptive information of 
the debris (material, ballistic coefficient and weight) and 3) the relationship between the ·debris through the use of 
Data Mining and Support Vector Machines. The enhanced database being built will provide the appropriate 
information of the validation of current and future debris models. 
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Figure 1. GPS worldwide sales in car navigation and aviation markets. 

CWIS IN THE AVIONICS MARKET 
This study includes a list of the most popular CWIS products in the market today, based on the results of a customer 
survey (Sireli et al, 2003) and a literature search including aviation magazines such as Flying Magazine, aviation 
society web sites such as Aircraft Owners and Pilots Association (AOPA), Aircraft Electronics Association (AEA), 
and several product web sites, press releases, and newsletters. Table I includes 17 product alternatives that pilots 
may consider. Some customers may prefer purchasing the whole product (such as Garmin 53o+GDL49) and some 
·may need to buy only an upgrade depending on their existing equipment (Garmin GDL 49 for upgrade). The product 
list in Table 1 includes all possibilities. along with the associated non-recurring and recurring costs. 

The non-recurring costs are one time costs for purchasing the systems, while recurring costs are repetitive service 
fees, in some cases with different options. For example, for WSI InFlight AVIO0, a user should spend $3,500 to 
purchase this product, and one of these recurring costs: either $599 fixed annual cost for services, or $299 plus 
$19.95 each day the pilot uses this weather service. 

For some of these systems, a monthly payment (not annual) is required. For those, an annual amount was calculated · 
and that annual cost was provided in the table. For example, for Bendix/King KMD 850 + KDR510, the monthly fee 
$~9.95 was multiplied by 12 and $599.4 was entered to the table for an annual equivalent. 

The non-recurring costs include three main price points depending on the percentage of the products that fall into 
each category, and these price points are $5,000, $10,000, and $20,000. 29.4% ofthe·systems listed in Table I are 
under $5,000, 35.3% is between $5,000 and $10,000, and the rest (35.3%) is between $10,000 and $20,000 in terms 
of the non-recurring costs. These three points are used as three different levels for the product attribute "non

recurring cost" in the proposed model as Section 5. 
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Figure 2. Maximum non-recurring cost points. 

IDENTIFICATION OF THE MARKET PENETRATION MODEL 
Diffusion models analyze market adoption patterns of new products and technologies. B~s model (Bass, 1969) is 
among the most widely known diffusion model used by marketers. It involves a single new product and assumes that 
the product is independent by ignoring other competitive product offering~. Mahajan and Muller (1996) extended 
the Bass Model by integrating substitution and diffusion patterns for each generation of the technology: However, 
both models fail to incorporate the effect of a marketing mix. Speece and MacLachlan ( 1995) model includes price 
as a variable, however, their model does not address other product attribute~. On the other hand, choice models 
focus on the product attributes and their effect on buyers' purch~se decision. They ignore the impact of the demand 
dynamics in the market. · 

Jun and Park (1999) provi_des a model that incorporates diffusion effects and choice effects in an integrated model. 
Their model captures the diffusion and substitution processes for each successive generation of a durable technology 
simultaneously. It is possible to ~alyze the relationships among choice probabilitfos, diffusion processes, and 
marketing mix variables by using this model. The number of new first-purchasers at time t is given by the following 
equation: · 

M-Y 
(1) 

M1 and Y represent the market potential and the number of installed platforms respectively. -V, is defined as the utility 
of the specific product offering while c is a constant representing the non-purch<:1se utility. For CWIS products, 
market potential can be found by using the statistics that give the number of aircraft in the U.S. Y, the number of 
installed platforms can be determined by analyzing the cumulative avionics sales data. A method to derive utility 
function, V, will be explained in the next section. 

CONJOINT ANALYSIS SURVEY 
Consumers choose to purchase products by evaluating certain product attributes. Determination of those attribute's' 
and their relative significance is an essential part of forecasting the market acceptance. The most significant product 
characteristics for cockpit weather information systems were selected as discussed earlier and they are shown in 
Table 2. Most avionics manufacturers' product specifications and marketing material designate those attributes as 
important characteristics of cockpit weather_ information systems. Table 2 also assigns three levels to each attribute, · 
which represent the most common product features available in the avionics market as partly discussed in Section 3. 
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Table 3. Profiles used in the survey.' 

Profile# x1 x2 x3 x4 x5 x6 
1 1 3 3 3 3 3 
2 2 2 2 2 2 1 
3 3 1 1 1 1 2 
4 1 3 2 2 1 2 
5 2 2 1 1 3 3 
6 3 1 3 3 2 1 
7 3 3 1 2 3 1 
8 1 2 3 1 2 2 
9 2 1 2 3 1 3 
10 2 3 1 3 2 2 
11 3 2 3 2 1 3 
12 1 1 2 1 3 1 
13 2 3 3 1 1 1 
14 3 1 2 3 3 2 
15 1 1 1 2 2 3 
16 3 3 2 1 2 3 
17 1 2 .1 3 1 1 
18 2 1 3 2 3 2 

This survey will be administered to avionics dealers and aviation experts who are knowledgeable about CWIS. Since 
these systems are relatively new, market awareness is still very low. Therefore, the customers and end-users of 
CWI_S can not provide valuable information for this study. To determine the market penetration of products that 
involve a new technology, it is recommended that the experts' view to be examined r~ther than the actual buyers 
since the experts have the necessary knowledge to evaluate the attributes of those new products and their opinions 
affect the market behavior deeply. Expert segments usually lead the market and determine the trends in the industry. 

·This survey contains 18 product cards that are formed based on the data given at Table 3. Each card includes the 
description of a hypothetical prod1,1ct offering. Survey participants review the product features given in each card 
and rate the probability of purchase by giving a score between 1 and 10. A score of 1 conveys that it is extremely 
unlikely that aircraft owners would buy such a product while a score of 10 represents a very high purchase 
probability. Figure 3 illustrates an example of a card that is used in the survey. This particular card includes the 
product offering represented by the profile 18 at Table 3. 

Once the weights are detennined~ the next step is the choice simulation. The choice simulator estimates the 
percentage of customers for the specific product configuration entered into the simulator. Simulation experiments 
can be run by using characteristics of current and future product offerings. The simulator produces predictions about 
market adoption along with the market share of each product group. The most common simulator models include the 
first choice model, the average choice mQdel, and the logit model. Jun and Park model uses a multinomial logit 
model, which is reduced to the following form for a single generation: 

P, 
1 +exp(c-V, ) 

(3) 

c represents the non-purchase utility, which will be determined by a question in the survey, which will ask 
participants to estimate the percentage of the consumer population that would consider to purchase a CWIS product. 
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applicati~n ~~as in higher education. These approaches range from games to flow models to analytic models and 
focus on md1v1dual processes, faculty, student, and financial issues, as well as university operations. · 

Simulation Games 
The re_view of_the_ literature ~ince_ 1992 i~.e~tified three higher education simulation games. The model by Barlas 
and Diker [2] 1s aimed at uruvers1ty admirustrators for making strategic management decisions. The model is an 
interactive game that primarily focuses on faculty activities with future plans to include budget and support staff as 
well as a more refined model with respect to facilities, infrastructure, and projects. The faculty activity simulation 
model focuses on the full-time-equivalent (FTE) time allocation of both undergraduate and graduate faculty on 
various types of activities including instruction, research, overhead, and consulting and looks at the trade-offs 
between these two types of faculty. There are numerous additional variables such as instruction load per faculty, 
faculty salary, student per faculty ratio, .average class size, and publications that are entered into the model based on 
the university's historical data. Within the interactive game, the goal is to seek a balance of the above faculty and 

· activities in order to improve the performance of,the university using only six decision variables. The result is 
ninety different performance indicators, as well as various tools that demonstrate the interaction among variables. 

The second simulation game is called Virtual U ~dis used as a learning tool in educating doctoral students in 
higher education [3] as well as a training tool for 'gher education administrators (4]. Virtual U "provides students, 
teachers, and parents the unique opportunity to st pinto the decision-making shoes of a university president" [4]. 
The simulation utilizes data from the Integrated Pbstsecondary Education Data (IPEDs) [3] that include data on 
institutional characteristics, enrollment, degrees, ijnancials, financial aid, graduation rates, faculty and staff 
composition, and faculty salaries. The simulation models institutional attitudes and behaviors including spending 
and income issues, scheduling, admissions and enrollment, facilities, and university prestige, as well as providing' 
performance indicators. Players are provided one of ten scenarios. or they can customize the game. Players move 
about the game gathering information to make decisions on policies and parameters hoping to achieve continual 

· improvement or to achieve a particular goal and the game provides periodic feedback on the effects of each decision 
[4]. The trial version is a free download at :www.virutal-u.com [3]. 

The third simulation game developed by Cabrales and Eddy deals more with the social and administrative, rather 
than operational, decisions in higher education [5]. Their game has players move through sequences of 
administrative and social situations. Decision trees are used in the simulation to weight alternatives based on survey 
results of chief executive officers concerning elements that actually influenced decisions in specific situations . 

. Another aspect to this game is an advisor module that provides generic or personalized advice concerning a 
scenario. 

The three simulation games attempt to capture the operation of the university and allow decision-makers to examine 
"what-if' scenarios and observe the effects on a large set of performance indicators. They are used both to support 
real decision-making as well as educational devices for individuals aspiring to positions in higher education 
administration. 

Flow Simulation Models -
Higher education decision structures often require consideratio~ of act~ons o~er_succeeding tm:ie periods ':here 
outputs from one time period flow into inputs in a subseq~ent time peno~. S~larly, process 1s~ues ~ay mvolve the 
flow of items through various operations before the work 1s complete. Simulation models are well-smted to 
representing such flows. The follpwing two examples that use graph_ical-based soft~are to create the flow 
relationships illustrate these different aspects. Several other models m the focus sections are also flow-type models, 
although the flow relationships are modeled analytically. . 

Administrators at Case Western Reserve University developed the Model for University Strategic Evaluation 
. (MUSE) using software named ithink [6]. MUSE was developed ·for planning total university operations and uses 

university specific data including operational data, fmancials, faculty data, course data, and student data. More than 
20 stocks or accumulators are included in the model such as students by level (freshmen, sophomores, etc), faculty, 
resources' (grants, endowm'ent, reserves), and space (labs, classroom, administrative). Feedback loops ai:e used to 
manage the many interactions of the data. The full model has about 130 converters that are used to marupu_late the 
data or provide data entry functionality in order to be able to cha~ge the values of parameters when evaluatmg 
different alternatives. The model outputs include number of applicants, enrollment, number of faculty, space 
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aid data was included in the· model to enable decision makers to consider effects on enrollment and revenues and the 
interactions between tuition costs and financial aid. 

DesJardins, Ahlburg, and McCall utilized a hazard model to describe the relationship between financial-aid 
packages and student's departure from college [16]. The model is fitted to a particular university's data and then 
simulations are conducted by changing the amount and type of financial aid over time to view the effects on student 
departures from the university. Simulations were conducted to test various policy changes such as changing loans to 
scholarships to study the impact on retention. 

BRIDGE. is a simulation model for comparing the costs of expanding a campus using distributed instruction versus 
classroom instruction [17]. The spreadsheet model ·compares the projected operating and capital costs of two 
institutions over a period of years that begin with ·the same infrastructure and grow at the same FTE rate but one 
campus accommodates the growth with only classroom style instruction and the other uses a mix of insµuction 
modes. The simulation uses about 100 different parameters that can be modified by a particular institution to reflect 
their environment. These parameters as well as the "input" parameters of initial and ending FTE, length of growth 
period, and final mix of mod~s for the modified campus, can be varied to simulate many' different scenarios. 

DePillis and DePillis developed a model to lo~k-at the long-term impact of budget cuts [18]. A complex model of 
simultaneous continuous differential equations was developed. The model looks at interactions of budgets with 
faculty, interactions among faculty and students, as well as their impact on industry. The basis of the model ·is 
productivity and success and how those are defined at individual institutions. Simulations are conducted by 
changing the values of the parameters and running the simulation over a fifty year time frame. Multiple cases are 
run at each stage of model development to study the impact of budget cuts at each stage of complexity. 

Webster discussed a country level education finance model that was developed for Papua New Guinea to better 
inform decision-makers of possible results of policies being considered and the expected costs associated with 
different policy decisions [19]. A model was developed for each sector-of educ~tion in the country that could be 
rolled up to provide a cost analysis for the entire division of education. The purpose of the model was to simulate 
the effects of policy changes on costs over ten years. The model was developed using multiple linked tables in a · 
spreadsheet environment. The model can be used for education costing and feasibility studies, behavior-studies of 
cost, and input-output studies: Furthermore, the model can provide insight into relationships between,the inputs as 
well as changes over time. The model includes data on students, teachers, and costs and each of these areas contains 
decision variables, base year data, ~4 result variables. · 

CLASSIFICATION OF SIMULATION MODELS 
Classification of simulation models provides a framework that can assist decision-makers in recognizing what 
modeling approaches can be useful in various situations as well as understanding the requirements and limitations of 
these models. Classification assists in the design of models for focused applications and provides valuable 
information to decision-makers when interpreting the results. of simulation models . . 

Traditional Classification Approaches for Simulation Models 
Kelton described a two-dimensional method for classifying simulations [20]. The first dimension classified a 
simulation model as deterministic or stochastic. The second dimension classified a ·simulation model as s~tic or 
dynamic. Additionally, Kelton characterized simulation models as terminating or steady state. 

Ozdemirel, Mackulak, and Cochran developed a group technology classification and coding scheme for discrete 
manufacturing simulation models [21]. In addition to Kelton,.s scheme, they referenced other proposed 
classification schemes including 1) Hooper's classification based on event scheduling, activity scanning, and process · 
interaction, 2) Highland's criteria included purpose of simulation; model characteristics, relationships among 
entities, and attribute characteristics, and 3) Aneke and Carrie's classification included number of product types, 
shop layout, and flow characteristics. Based on this review, they concluded that the other schemes provided limited 
information to aid in model development and they developed the new approach. The GT classification is generated 
on the two dimensions of user goals and physical-characteristics. User goals include such things as the part of the 
system of interest, the level of detail, types of analysis, performance indicators, and measurement accuracy. 
Physical characteristics given the manufacturing focus included characteristics of workstations, equipment, jobs, 
work in process, and equipment failures. The creation of the taxonomy was an ad-hoc process of reviewing forty 
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Table 1. Higher Education Simulation Classification Dimensions 

Purpose Dimension Structure Dimension Operations Dimension 
Purpose of the model Simulation method Decision-maker involvement 
Application area Amount of data required Managerial use 
Organizational level Level of detail Users of results 

Considers interactions 

Table 2_ shows the classification ch~r~cteristics in each of these dimensions and shows the various descriptive 
categones for each of the charactenstics. Each of the sixteen higher education simulation articles discussed in 
sectio~ 2 w~ cat~gorized using these classification criteria. Based on this classification, the majority of the higher 
educ_att~n slinulahon models h~ a p~ose _of policy making (11 out of 16), have financial (11) and student (12) 
apphcation ar~as, are ma!11emat1cal s1mulah?n models (11), requires detailed data (11), considers interactions (10), 
have a strategic managenal use (14), and umversity/college officials are the primary users of the results (11). 
Approximately one-half of the simulation models require a medium amount of data (8) and allow or require 
decision-maker -involvement (9). The organizat!' nal level of the model is a mix from multiple universities (4) to 
only looking at a single department (4). Althou some of these characteristics are more likely to be descriptive of 
the higher education administration simulations an others, the mix of characteristics varies from model to model. 

It is believed that the set of ten classification char cteristics proposed in this section provide the type of information 
that is available and needed for higher education administrators to communicate with each other about the models 
that have already been developed and characteristics that one might be seeking to find a model that may fit or be , 
modified to fit their current question. The model classification pro~ess is descriptive of design intent. In order to 
assist the model design and selection process, it is necessary that there be a companfon methodology to evaluate the 
performance of simulation models. Having this capability can be used to inform decision-makers regarding the 

· potential value in developing and implementing a particular kind of simulation model. 

EVALUATION OF SIMULATION MODELS 
In the simulation literature, evaluation appears to go hand in hand with verification and validation procedures. 
These procedures focus specifically on the developer's or user's purpose. Karacal, Beaumariage, and Karacal 
considered another approach and used the analytic hierarchy process to evaluate a new simulation methodology 
compared to conventional simulation approaches [23]. Although they indicated that some criteria such as ease of 
modeling and model effectiveness are difficult to measure, they proposed a hierarchy of-elements to evaluate the 
methodologies. The first level of the hierarchy is the definition of the problem. The second level considers main 
aspects including model effectiveness, modeling effort, model performance, and the model's degree of 
correspondence to the real system. The third level, criteria considered, includes modeling methodology, model 
flexibility, output provisions, execution speed, physical, information, and control components, modeling constructs, 
and non-programmed decision facilities. 

Although many of the~e aspects and criteria are more suited for the actual model development, many of these ideas 
can be used in a more genenc sense to evaluate the final models used. In this initial consideration of evaluation of 
higher education simulation models, we identify a small set of evaluation criteria. In reaching this set, we 
considered a number of alternative criteria. For example, in the initial phase of the evaluation of higher education 
models, model effectiveness, modeling effort, degree of correspondence to real system, model flexibility, and output 
provisions were considered in some form.' Initially, eight possible criteria were considered. The sixteen higher 
education administration models discussed in the first section were evaluated based on these criteria. Although, the 
evaluations could be considered somewhat subjective, a determination was made based on the information in the 
article. Of the eight characteristics, one was deleted because it was determined to be more a cl~ssificat~on . 
characteristic than an evaluation criterion and two were deleted because there was not enough inf onnatton m most of 
the articles to make a determination (ease of use and model effectiveness). However, one additional criterion was 
added to indicate whether or not any types of validity tests were done. 
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The final proposed evaluation scheme considers six criteria. Ease of model development, representativeness, and 
flexibility are based off of the recommendations of Karacal, Beaumariage, and Karacal and are evaluated on a three
point scale. Representativeness considers how well the model has captured the real system. Flexibility is the ability 
of the model to answer multiple questions. The fourth criterion considers the complexity of the model, also eval
uated on.a three-point scale. The fifth criterion considers whether the output provides aggregate or detailed data. 
The last criterion indicates whether or not the authors conducted validation tests or less formal validation checks. 
However, some of these criteria such as complexity, ease of modeling, and representativeness may have some 
interaction. 

The proposed evaluation scheme with the actual evaluation for the sixteen higher education administration models is 
shown in Table 3. It is shown that seven of the models were evaluated as having an average level of ease of 
development. The models were equally likely to have the various levels of complexity with five having a high level 
of complexity and seven low with the others in the middle. Eight models were evaluated as having a high level of 
representativeness.· Ten models had a low level of fl~ ibility and an aggregate level of output. Nine of the articles 
indicated that validity tests were conducted or eluded to having some type of validity c~ecks. 

It is believed that the six evaluation criteria pro:vide a method for the casual developer and user to evaluate available 
simulation models in higher education. For example, depending on how representative or how flexible a user needs 
a model to be, they can evaluate which models might be "good enough" to meet their needs. However; the method 
could be improved by including the ease of use and model effectiveness criteria that were removed because of lack 
of information. Furthermore, table 3 is in most cases a subjective evaluation from the authors. In the future, if the 
higher education community embraced these six or eight evaluation criteria, they could provide the objective eva
luation of these criteria m their articles. This would provide more reliable data for potential users of their ~odels. 

CONCLUSION 
While simulation is being used in some higher education decision-making and research, the tool has not yet 
perm~ated its way through higher edu~ation administration. Furthermore, a m.ethod of classifying and evaluating the 
effectiveness of these models has not yet been fully documented. This article proposed ten classification 
characteristics and six evaluati_on criteria to address these issues. The classification characteristics proposed pro·vide 
the type of information that is available and needed for higher education administrators to communicate with each 
other about the models that have already been developed and characteristics that one might be seeking to find a 
model that may fit or be modified to fit their current question. The six evaluation criteria and proposed additional 
two criteria provide a method for the casual developer and user to evaluate available.simulation models in higher 
education. For example, depending on how representative or how flexible a user needs a model to be, they can 
evaluate which models might ~e "good enough" to meet their needs. 

This article reviews recent accomplishments in higher education using simulation and provides a guide to other 
practitioners in the field as to how they might go about using simulation as a tool as well as provide common 
terminology. If the higher education community embraces. the proposed classification and evaluation schemes, they 
could address the classification characteristics and provide an objective appraisal of the evaluation criteria in their 
articles. It may be possible to apply the classification system and evaluation methodology to other industries by 
making relevant modifications to the list of classification characteristics and eval11:ation criteria. 
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• Hospitality experiences are individual and a common shared experience does not necessarily engender the 
same outcomes among those individuals who participate; 

• Hospitaltty service delivery generally requires some degree of human contact- the receiver and the 
deliverer frequently come together in a relatively personal way through emotional dimensions within the 
labour process (Hochchild, 1985); and 

• Hospitality services are difficult to standardise at the quality end of the market and, some would argue, any 
such standardisation or McDonaldisation (Ritzer, 1996, 1998) is undesirable. 

These characteristics create a high level of integration between, on the one hand, the operational delivery, the 
marketing and the financial viability of hospitality services and, on the other, the human resources that are employed 
within the service delivery process. Hospitality services exhibit the above characteristics in, arguably, more extreme 
forms than are to be found in other service areas. In part this reflects the nature of the work involved in hospitality 
but it is also historically and culturally determined. From an historical perspective, hospitality services originated 
from domestic activities offered to strangers in the form of a shelter or a roof on their journey away from home in 
the Roman times;withiri the early public houses and beer houses in England (Walton, 2001), or, later, the reciprocity 
of accommodation and services offered to the elite of many countries to their peers during their travels. This model 
extended into early commercial hospitality of the modem form where those employees were, frequently, drawn from 
the domestic serving classes. There is, therefore, istrong historical class component to the style and form of service 
encounters in hospitality, particularly in Europe, d this can still be seen in the language, dress and form of service 
in many traditional hospitality service situations aum, 1995). In terms of the ethnography of social systems, 
hospitality can be seen to off er potential for inter ction and conversion: strangers into familiars, enemies into 
friends, friends into better friends, outsiders into insiders, and non-kin into kin (Selwyn, 2001, p.19). Taken further, 
such encounters also extend, potentially, to the interaction of guests and servers by which, in contemporary aesthetic 
service encounters in style bars and restaurants, there may be a blurring of roles and relationships between the two 
parties (Warhurst and Nickson, 2001). · 

Therefore, the hospitality industry invol.ves human interactions or encounters ~ithin which hospitable behaviour is 
included as a core element. In general, the hospitality industry consists of all those business operations which 
provide for their customers any.combination of the three core services of food, drink and accommodation (Knowles, 
1998; Lashley, 2001). The hospitality industry involves commercial organizations which provide essential human 
requirements, in terms of food, drink, accommodation and entertainment, and delivers these ( either in tangible form 
or intangible form) in a friendly, considerate and professional way through the reciprocity and exchange process 
between the business and the customer, travellers away from home in return for payment. Consumers of hospitality, 
by this definition, include not only international or domestic tourists, but also local people who require such services 
and products in their own localify. 

The hotel sector, the most significant part of the hospitality industry, offers the whole range of products described 
above in addition to others such as leisure, and a "home away from home" to travellers. The sector has been subject 
to significant research and outcomes have defined hospitality by applying the demana/supply model, or the two-way 
exchange process between hospitaller (host) and hospitator (guest) (Brotherton and Wood, 2001). The nature of this 
relationship mainly relates to core functions of eating, drinking and sleeping and the clearing up after those activities 
(Guerrier and Adib, 2001). Based on this exchange process, suppliers provide hospitable encounters to satisfy the 
demanders or guests, in either domestic or commercial forms of hospitality. 

The Labour Demand in Hospitality 
Labour intensity is a widely attributed feature of the hospitality sector although changes with respect to product, 
service expectations and technology have altered this picture to-some degree in recent years (Baum and Odgers, 
2001 ). With the development of various forms of support technology, the hotel operations system has been 
improved towards the development of more efficient and cost-saving practices. For example, the central reservation 
systems, employing effective yield management, benefit the industry in terms of forecasting sales, and managing 
good customer relationship marketing and after-sales ,service. Moreover, the introduction of labour saving 
technology provides the industry with opportunitie_s to improve the quality of much soul-destroying work so 
accurately described by writers from Orwell (1933}through to Gabriel (1988). All these new technologies make the 
hotel sector more efficient and responsive to customers' expectation. However, there are some functions which 
cannot be substituted by technology, such as room cleaning, table serving, door greeting and other personal services. 
The new technology brings out better "tools" for the operations to manage, but not for them to entirely replace, 
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se~ed to guests. However,_ the p~odu~ts offered in th~ hotel_ sector are not only tangible products, in terms ofrooms, 
drinks and meals, but also mtang1ble m terms of service dehvery and 1·t 1·s thi·s com· b' t· hi h t. f . . . ma 10n w c crea es many o 
the challenges relating to work WJthin the sector. 

"Housekeeping is the heart of the lodging industry. Hotels, motels, and inns around the world can succeed without 
ballro?ms, meeting rooms, swimming p~ols,_ or even restaurants. But the one thing every successful lodging 
establishment must ~ave, regardless of its size, location, or industry segment, is clean rooms. Without a well
managed housekeeping dep~rtm_ent, there would be no rooms to sell (Schneider, Tucker and Scoviak, 1999, p.3)". 
Within the hotel, housekeep1~g. 1~ perh~ps _the most important front office support department, and often has more 
personne_l than ~ther rooms divismn urut~ (Knowles, 1998, p.147-148). Main tasks performed in this operation unit 
include: mspectmg roo~ for sa~e, cleanmg the occupied and vacant guest rooms, co-ordinating rooms status with 
the. front desk, and keepmg pubhc area clean and tidy. Efficiently managed housekeeping departments ensure the 
cleanliness, maintenance and aesthetic appeal of any hotel property (Knowles, 1998, p.153). In other words, the 
housekeeping department acts as a production ceµtre in the hotel sector concentrated on product (i.e. saleable room) 
"manufacturing" and quality control. 

In order to.analyse this unique ~roduct l~e in th~~lhotel sector, following session of this paper illustrate the nature of 
bousekeepmg departments and its associated alb ce, employment agencies. The size and service level of the 
property determine the most important characteri tics of the housekeeping section of the rooms division (Knowles, 
1998, p.153). Different hotels, in terms of hotel grading, have different products to supply. Hotel rooms in 3 star 

. hotels will be very different from 5 star hotels' ·pr9ducts, in terms of room size, layout, furniture, guest amenities and 
personal services, for example, even though the main purposes of these two different settings are both to provide a 
comfortable sleeping environment to hotel guests. Therefore, the housekeeper develops performance standards by ' 
deciding what must be done and how it must be done in order to clean or maintain the major items within an area 
(Knowles, 1998, p.156). 

While performance standards es~blish the expected quality of the work to be done, productivity standards determine 
the acceptable quantity of work to be done by departmental employees. Productivity standards must be determined 
in order to appropriately staff the department within the limitations established by the hotel's operating budget plan 
(Knowles, 1998, p.157). According to the quality and standard required, a housekeeping room attendant may be· 
assigned from 9 to 16 rooms to serve within an 8 hours shift. The workload depends on several factors, such as the 
size of guest rooms, the variety of guest amenity and the luxury level of room furniture. The bigger and the higher 
standard the room is, the less rooms there will be for room attendants to clean each day . . 

Productivity standards serve a guideline for housekeepers when considering staffing. For example, in a 500 rooms 
hotel with 80% predicted occupancy rate and where room attendants clean 10 roonis per shift, the total staff need for 
the day will be 40 (= 500* 80% / 10) chambermaids. An experienced head housekeeper may try to add one or two 
maids as a buffer to react to any absences or emergency situations. Due to the characteristics of hotel operations, 
such as demand fluctuation, seasonality and unpredictability, it is very difficult for housekeepers to use an accurate 

· and predictive staffing_plan. Therefore, flexibility in labour utilisation is an important strategy for hoteliers. 

There are two broad types of labour flexibility strategies, in terms of numerical and functional flexibility. Numerical 
flexibility refers to the quantification of labour required, either in the number of staff requested or the numb_er of 
human hours required. Numerical flexibility can be gained either from extern~l sources, ~mploym~n~ ~genc1~s for 
example,' or from internal sources by asking existing employees to work ove~1me. F~ctlonal fle~1b1hty ~a1nly 
involves a company's own staff to undertake the excess workload. The techniques for 1mplementmg functional . 
flexibility include multi-functioning, multi-tasking and job rotatio~ (Looise, van Riemsdijk & de Lange, 19~8; Lai _ 
& Baum, 2003).-Wben applying flexibility strategies in housekeepmg departments, managers can use functio~al 
flexibility by asking extra room attendants to act as public area atte~dants or linen porters for the day. Al~ematlvely 
they can ask room attendants to work over-time (internal-quantitative strategy) or request help from outside source, 
such as employment agencies ( external-quantitative strategy) to cover staff shortages. 

RECRUITMENT & EMPLOYMENT AGENCIES 
~• The agency is an institution that meets the need for a readily available source of competent help that im1:ose~ none 
of the costs and commitments of permanent or even temporary atta~hment" (Ma_ngum et.al. 198S,p.60~; cited~ 

_ Forde, -1998, p.24). There are three dimensions by which to categonze the recruitment & employment mdustry. by 
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Allan (2000) suggests that by utilizing non-standard employment, such as part-time, casual and agency 
workers, a range of cost savings can be achieved. This practice results in direct expenditure savings as 
labour is paid only as and when required. Indeed, nominally speaking, hiring agency staff is one 
employment strategy which provides cost reduction or cost-effectiveness. As mentioned previously, with 
the adoption of agency workers; the client company reduces labour costs by avoiding so-called fringe 
benefits, in terms of sickness cover, pension contributions, maternity leave payment and holiday 
entitlement. Moreover, human resource (HR) expenditure, which is associated with new hires, such as 
recruitment advertisements and selection costs as well as training and orientation expenses, can transfer to 
recruitment agencies and lower down HR related disbursement. 

Apart from these practical reasons for using agency staff or atypical workers, Druker & Stanworth (2001, p.77) note 
that " the increased use of non-standard or contingent labour has been identified as an important component in wider 
debates about the changing nature of work and employment, particularly the diminished importance of internal 
labour markets". · 

AGENCIES AS A LABOUR SUPPLIERS IN THE HOSPITALITY SECTOR 
According to Jones (2002, p.23), as outsmJrcit!g HR and other functions gain prominence as a cost-effective and 
high quality solution for companies to deal with non-core business functions, many staffing firms have also 
expanded services. The services offered by recruitment agencies include: employee screening, third-party testing 
and evaluations payroll and benefits administration, training, outplacement, resume development, and leasing of 
full-service office suites (Jones, 2002, p.23). Increasingly, clients are purchasing testing, training and other expertise 
from employment agencies in addition to the traditional commodity, labour, itself (Jones, 2002, p.23) . 
. In turns of the reasons why hotels recruit from employment agencies, covering staff shortages is the most common 
recourse among three categories in the hotel sector. Rawstron (1999) argues that, in many cities within the UK and 
particularly in London, there is a continual shortage of housekeeping attendants and hotels are. utilising agency 
workers to fill gaps. Flexibility and cost effectiveness are another advantages of agency staff arrangements. 
Rawstron (1999) also confirms this benefit to hotel operations. However, he indicates several drawbacks to using 
agencies, in terms of additional costs, low levels of training, low levels of motivation, lack of loyalty to the hotel, 
and loss of productivity. 

Initial empirical work from thi~ study allows us to discuss the role of agencies in the hptel sector as labour suppliers 
and/or as partners within the supply chain, with specially reference to hotel housekeeping departments. After initial 
in-depth interviews as a data collecti~n, instrument, the majority of informants confirm the important role taken by 
employment agencies in the hotel sector. It is difficult to find hotels in London that do not employ agency workers. 
The importance of agency ~taff is clear and the main reason of employing through agencies is that of cost 
effectiveness. · 

As for the salience of the commonly cited reasons to use agency services suggested, flexibility is seen as a major 
advantage. Employment agencies provide a pool of labour for hoteliers to adjust their manpower needs to meet 
fluctuation in demand. To a certain ex~ent, agency staff are treated as a commodity within the triangular relation 
between client hotels, employment agencies, and staff. An executive housekeeper in one five star hotel in London 
noted that she would not "put all the eggs in one basket". She is trying to maintain a balance, in terms of the number 
of employees, between her own permanent staff and agency workers. In this case, agency staff act as a buffer for 
managers ~ client companies to pursue greater labour flexibility. 

Due to the relatively low level of skill required in housekeeping departments, _some cited reasons for using agencies, 
_such as to complete a special project or to acquire special skills_ fi:om agency professionals, are not appropriate. 
However, hiring agency staff to test trial prospective new staff is one of the reasons for using this source. _One head 
housekeeper with respect to a newly opened 4-star hotel noted this as an advantage. He also suggested another 
benefit in using agency services as gaining easy deployment, and simplify procedures while dealing with employee 
misconduct, by simply ask agencies not to send partic~ar employees back to the premise. 

From the agency point of view, all agency directors or senior managers interviewed in this study described the 
service they provide as "taking the headache away from hotel managers". One agency director ( also a former 
hotelier) indicated that hotel human resource officers lack experience in recruiting and selecting, especially for 
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Based on ~e initial phase of this research int~ lab_our supply chain analysis in the hotel sector, this model oflabour 
supply cham has not been adopted an~ recogrused m practice through out the industry as a whole. Some hotels use 
agencies as a back-up wh~n the~ requrre people on an ad hoc basis, or to cover staff shortages. However, there are 
also some hotels that are mcreas1:°gly depend~nt on the services and labour provided by employment agencies. 
Agency workers make up a_ consid~rable portion of total staff employed in the organisation. At the extreme, some 
hotels, especially newl~ bu_Ilt preffils_es, were. designed to use employment agency as their partner or outsourcing 
contractor from the begmmng of therr operations. 

The relationships between client hotels and agencies are still unclear and operate with a considerable diversity as 
well. Some hotels_ hold a very clear ~ontractual rela!ionship, in terms of well-designed contract and agreement, with 
their labour supplier. O~er hotels still reflect an atti~de of buying-in services from employment agencies. There is 
frequently no contr~ct signed between _these two parties. They use oral agreements, and it is very informal. Thus, 
relationship management and networking become very important. To client hotels, there is no obvious reason to 
bond with_each o~er, in o~der to ac~uire ~eater flexibil~ty. Even with this diversity in the formality of the 
relationship, there is no eVIdence to identify the correlation between the form of contract and the duration of the 
demand/supply relationship. 

Due to the essential part played by agencies in hotel staffing, the management of this labour supply chain is a key 
issue for hoteliers to address. By close cooperation between agencies and client hotels, in terms of sharing 
infonnation, specified standard, effective communication and willingness to improve, the supply chain can be well 
established and well maintained. Issues regarding labour supply chain management in the hotel sector and 
networking or partnership will be identified through further research. This paper illustrates the results from the first 
phase of the project, which is the role of employment agencies as labour suppliers to the hotel sector. 
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OPTIMIZING AGILITY IN A SEMICONDUCTOR SUPPLY CHAIN 

Mariah McMurran and Renee Butler 
University of Central Florida 

ABSTRACT 
Semiconductor supply networks are becoming increasingly complex and dynamic. The challenges of semiconductor 
logistics include the high cost of holding inventory, short product life cycles, increasing customer expectations, 
constant price reductions, and a widely dispersed supply chain. As a result, organizations dedicate a great deal of 
resources to increasing the agility of their supply chains (the ability to react quickly and effectively to changes in 
customer demands) and keeping cost to a minimum. 

There is a growing need f9r research on supply chain agtiity, as evidenced by its prevalence in recent supply chain 
literature as a way for organizations to become more responsive to changes in the business environment and to 
achieve better customer service [Dong, 2001; Christopher and Towill, 2001; Katayama and Bennett, 1999]. 
However, agility is usually deal~ with in a qualitative manner; the path toward agility is often ambiguous, and its 
cost is even more difficult to quantify. This resef h develops a quantitative model of agility and its cost, resulting in 
the ability to determine which factors are signifi ant to improving agility and to find an optimal tradeoff between 
maximizing agility and minimizing cost, two co icting objectives. · -

We present a problem definition based on a major semiconducto_r manufacturer and describe the modeling approach 
to quantify agility, as well as expected outcomes and contributions of the research. · · 

INTRODUCTION 
From the beginning of the semiconductor industry's history until the late 1990's, the industry's major focus was on 
developing the latest technology. Then, a .paradigm shift occurred as market fact9rs drove a need for change. 
Consumers began to demand lower prices, better service, and wider product variety, forcing the semiconductor 
industry to make customer service and cost-effectiveness as much of a priority as technology develop~ent [Grov~; 
1996]. Product uniqueness became less of a distinguishing factor, and it was replaced by the ability to satisfy 
customers and control costs as -requirements for success. It was not until this point that supply chain management 
became emphasized in the semiconductor industry as well as most other industries. 

One of the most important attributes of a successful supply network in today's global economy is agility 
[Christopher and Towill, 2001].-According to Goldman, Nagel and Preiss (1994), "Agility-is the competency that 
sustains world class performance over time." Many definitions of agility exist, including "the ability of an 
organization to thrive in a continuously changing, unpredictable business environment [Dove, 1999]" and "a set of 
abilities for meeting widely varied customer requirements for price,' specification, quality, quantity, and delivery" 
[Katayama and Bennett, 1999]. The definition of agility adapted in this research is "a ~ounter-measure against 
supply and demand stochasticity." This definition encompasses decisions such as inventory storage in various 
locations throughout the supply chain, replenishment policies, and transportation modes and speed. 

PROBLEM STATEMENT AND PURPOSE 
Although agility is a major focus of recent supply chain literature, the concept of agility is somewhat ambiguous; it 
is usually dealt with in a qualitative fashion. "Companies are starting to become aware of the importance of agility 
but have not yet linked the concept to concrete actions" [Katayama and Bennett, 1999]. Without knowing which 
factors have the greatest effect on agility, it is difficult for companies to determine a strategy toward becoming more 
agile, and to determine the cost of this agility. 

The purpose of this research is to quantify supply-chain agility as a response, study the factors that are significant to 
achieving agility, and determine the resulting cost of $.is agility. The ultimate objective is to mathematically 
determine the factors leading to the m?st cost-effec~~ve _agility strategy. 

This study investigates many factors that could potentially have substantial impacts on supply chain agility, 
including the trend toward increased product differentiation and high mix, low volume manufacturing. It aids in the 
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supply chain param~ters on the resulting agility level, and no determination of an optimal agility level from a 
cost/benefit standpomt. . 

Table 1. Summary of supply chain agility literature 

PaDer Modelina/Analysis Aoproach Contribution 

Ramasesh, Kulkarni, Linking agility to a set of Methodology for assessing system's performance 

and Jayakumar (2001) performance mea!)ures under change, comparing agility of various system 
configurations 

Swafford, Gosh, and Qualitatively model agility based on Detennines effects of global supply chain agility 
Murthv (2001) related constructs on performance 

Mason-:Jon~s and Simulation and case study of the Approach for decreasing total supply chain cycle 
Towill (1999) fashion industry time by information sharing and cooperation 

Power and Sohal 
Survey, fa~tor analysis, regression 

Detennines characteristics of agile organizations, 
(2001) provide a basis for future research on agility 

Weber (2001) 
Hierarchical approach to analyzing Approach for determining the most effective 
variances in the supply chain strategy for managing variance in the supply chain 

Sarkis, Presley and 
Estimate Net Present Value and 

Liles (1995) 
Return on Investment of agility Framework for financial justification of agility 
alternatives 

Shaw, Mcfarlane, Interviews, development of graphical 
Approach for the measurement and benchmarking 

Chang, and Noury tool to identify strengths and 

(2002) weaknesses, case s~dies 
of response capabilities 

Goranson (2000) Speech-act theory 
Framework for measuring the structural agility 
based on interaction wjth suppliers and customers 

G · h · 
1 

(
2003

) Develop ordinal scale to represent Framework for measuring the flexibility and agility 
tac ettta et. a factors identified in literature review of a manufacturing system 

METHODOLOGY 
Scoping the Project 
In order to narrow the scope of the project to a manageable level, a specific family of products is chosen. The 
criteria by which these products are selected is as follows: the products are in the mature stage of the product life 
cycle, the demand for the products is highly variable (the coefficient of variation is greater than .5), the necessary 

· data is available for at least three years; expert$ can testify that the data quality is good, and there are significant 
difficulties associated ·with managing demand and inventory for these products. Another important criterion that is 
considered is the availability and interest of experts who manage inventory for the products to provide data and 

insight. 

The problems associated with managing inventory and demand for these products, as described by the experts who 
manage them, include short lead times requested by customers coupled with long production lead times, frequent 
order cancellations, high costs of holding inventory, and difficulty of accurate demand forecasting. Each of these 

things results in· an increased need for agility. 

Variable Identification and Data Collection 
The factors that contribute to agility are identified via literature review and input from experts on the products and 
supply chain being studied. A data mining effort is undertaken in order to collect thousands of data points describing 
variables related to agility and its cost, which are listed in Tables 2 and 3. Table 2 includes variables to be included 
in a logistic regression model of agility, while variables to be included in the agility cost equation are listed in Table 

3. 

530 



Proceedings of the 2004 IEMS Conference 

. . UNIQUENESS OF THIS RESEARCH 
This research is uniqµe because it is the first to mathematically model agility using lateness and service levels as a 
response, directly measuring the ability of the organization to fulfill its customers' needs. It presents a tool for global 
supply chain optimization that provides the ability to make inventory decisions simultaneously with transportation 
decisions, two objectives that are usually dealt with independently. The model is based on real data acquired at a 
semiconductor.;manufacturing corporation, and validation via a case study affirms the model's value. 

SUMMARY 
There is a considerable need to identify factors that can improve supply chain agility and to determine their optimal 
settings, that'is, the settings that result in the most cost-effective agility level. The need for this research is evidenced 
by the focus on agility in the recent supply chain literature as a way for companies to increase their customer service 
levels and maintain market share despite their inability to determine specific actions that lead to agility. 

This study addresses this extremely important problem with an innovative methodology for quantifying and 
optimizing agility, a ·qualitative performance me!isure, using an approach based on data mining, regression analysis 
and operations research. The resulting methodology leads to the ability to satisfy customer demands at the lowest 
possible cost, despite being faced with constantl\ cbanging requirements and stochasticity in supply and demand. 
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The key to the transshipment solution lies in the formulation of the transportation tableau, where the structure is as 
shown in Figure 2. The transportation tableau is formed from 3 submatrices, being suppliers to manufacturers, 
manufacturers to distribution centers, and distribution centers to customers, respectively. The 3 cost matrices start in 
the northwest comer, and are added diagonally to the southeast until they fill the matrix. Almost all costs not 
defined in the submatrices are made infinitely large (say, 99999), with one exception. A diagonal of zeros is added 
for those costs where a transshipment location is shipping to itself. In this problem, those zeros are Detroit-to
Detroit, Houston-to-Houston, Atlanta-to-Atlanta, etc. Supplies from the 3 suppliers are entered as usual in the first 3 
rows, and demands for the customers are added in the last 3 columns . . All remaining supplies and demands are equal 
to the capacity of the system, which is the sum of all the supplies. 

:1111 
00 --+--+----+---t 

Supples 
1----+-- 00 

Figure 2 . . Data Structure for 4-tier, One Commodity SCM Problem 

Figure 3 shows the minimum cost soiution to the one commodity problem, using the EXCEL Solver. 
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".f · Fig~r~j. · EXCEL S~lv~~ Solution to 4~tier One Commodity SCM Problem 
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We will now address the case where there are 3 different commodity 1 varieties (i.e., engines) and 3 different 
commodity 2 varieties (i.e., transmissions). Now the demand pattern is assumed to look like that shown in Figure 7. 

Customer Quantity Cla Clb Cle C2a C2b C2c 
1 6 X X 
1 16 X X 
1 10 X X 
1 13. X X 
1 5 X X 

Totals 22 10 18 19 26 5 
2 19 X X 
2 7 X X 
2 34 X X 
2 ·10 X X 

Totals 26 34 10 19 10 41 
3 9 X X 
3 8 X X 
3 12 X X 
3 9 X X 
3 19 ·x X 
3 15 X X 

Totals 17 21 34 21 19 32 
Totals 65 65 62 59 55 78 

. Figure 7. Deniand Patterns for 3 Customers for Multiple Versions of 2 Commodities 

This demand pattern now drives the supplies of the 2 commodities - that is, it is a pull system. Now the issue is 
solving this multi-variety 2 commodity problem. The question Iio\Y arises, "How do we determine the best solution 
to this multi-variety 2 commodity problem?" The first inclination would be to solve the six .problems (i.e., Comm 1 
type a, Comm 1 type b, Comm 1 type c, Comm 2 type a, etc.) separately. Figure 8 shows the formulation for 
Commodity 1 (i.e, engines), type a. This procedure would orily make sense if all six problems were entirely 
independent (i.e., using separate suppliers), and we were not interested in getting an optimum solution. We know 
the commodity type demand from Figure 7, but \Ye woula have to solve for the best supply capacity pattern 
iteratively. Without further ado, let's abandon this approach and move to solve the complete problem. 
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The solution to the formulation given in Figure 9 is given in Figure 10 All the d d I tak · . . . • eman va ues are en directly 
from the demand data m Figure 7. The demand capacity values are also m· ~erred from th t d 

• • • 1• . e cus omer ata patterns 
given m Figure 7. For example, the supply capacities for variety 1 must add up to 65 · th t · th · I d d · 1 s · ·1 I th 1 . , smce a 1s e tota eman 
for vanety . imi ar y, e tota of the vanety 2 supplies must be 65 and the total ofth · ty 3 1· b 
62 Thi ak th SCM 11 t 

, e vane supp ies must e 
. s m es e a pu sys em. 

Chicago 

Supply21 OJ 
Supply2 1 0 
Supply 20 GJ 

Louisville 

Supply21 0 
Supply21 0 
Supply20 0 

St. Loui 

Supply 23 0 
Supply23 0 
Supply 22 0 

Netw·ork for Commodity 1 
Atlanta 

21 Detroit 
[~l 

. ~ 

~ 
22 

Pittsburgh 

Figure 10. Solution for Commodity 1 

Los Angeles 

Demand 22 

Demand 26 

Demand 34 

Demand 10 

Commodity 2 can be solved in exactly the same way. The solution may require some iteration of the supply 
ca~acities, but the solution will be a real global optimum without assuming independence between suppliers and 
products. This concludes the issue of the commodities sent to the end-user. 

As mentioned in the abstract, scenari~ 2 is where commodity 1 and commodity 2 are separately shipped to a 
manufacturer/assembler and then sent on to the distributors and customers A quick look at the flows in Figure 10 
reveals how the assembly problem can be solved for a single commodity case. The flows from Detroit to Pittsburgh 
add up to 142, which is the number of vehicles required to supply 70 vehicles to Customer 2 and 72 vehicles to 
Customer 3. Similarly, the flows from Houston and the flows from Phoenix to Customer 1 add up to 50, the 
required number of vehicles for Customer 1. Following this observation, the formulation shown in Figure 11 
models the situation where commodity ls (i.e., engines) are sent to the manufacturer/assembler and then the 
assembled vehicles are sent to the distribution centers. Finally, the commodity 1 entities are split into the required 
commodity types, just to prove that individual commodity variety demands are satisfied. 
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GJ Two Commodity ~ ~ 
Chicago 0 Formulation Atlanta ~ Los Angeles ~ Comm1 

0 
Comm1 

~ 
Comm1 

~ 
~ GJ ~ ~ Detroit ~ . Louisville 0 Comm1 Atlanta ~ Los Angeles ~ 

Comm1 0 ~ Comm2 

~ 
Comm2 

~ 
~ 

0 0 ~ Detroit ~ St. Louis 
0 Comm2 Phoenix· ~ Miami ~ Comm1 ~ Comm 1 Comm1 

~ ~ 0 
Cleveland ~ ~ ~ ~ 

~ Phoenix B Miami ~ Qomm2 Houston 
~ Comm2 Comm2 

~ Comm1 ~ ~ ~ 
~ ~ GJ ~ 

ndianapolis G - Houston ~ Pittsburgh G NYC ~ ~omm2 Comm2 Comm1 Comm1 

~ ~ ~ ~ 

Nashville ~ ~ ~ 
~ Pittsburgh ~ NYC ~ Comm2 Comm2 Comm2 

G!J ~ ~ 
Fia:;ure 13. Node.Mal! of Both Commodities Without Assembly 

In summary, this paper has demonstrated that practical sized SCM problems can be solved using the EXCEL Solver. 
An interesting point is that assembly is not a problem using this approach. Conventional thinking is that assembly is 
hard to formulate in a network formulation because conservation of flow must be maintained at all the nodes. After 
all, don't we have two things coming in, and only one going out? The answer is that this formulation balances the 
demand with supply capacity values calculated· to meet that customer demand. Conservation of flow is maintained 
because the supply balances the demand for each commodity. 
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Increase Capabilities 
Benefits 

Optimization Integration Collaboration 

Figure 1 Increasing Capabilities Benefits of an Enterprise 

As depicted in Figure 1, enterprises are continuously taking necessary measures to increase their capabilities in order 
to gain competitive advantage and benefits. Tl)ere are three paradigm observed: 

1) . Focus on optimization within business activities in an enterprise 
2) Focus on optimization on business functions via business functions integrating functionalities among 

departments, business units and or division 
3) Focus on optimization on business practices between separate enterprises, e.g., customers and suppliers 

through collaborative activities 

The interaction among groups of organizations, people, applications, and processes that constantly require reducing 
their activity and operational costs has become the main focus of OEMs after introduction of the Internet. One 
alternative is to consolidate all efforts and redesign production processes. However~ this is a very costly practice 
and requires a long time. The other alternative is to use the technology developed by Cordys Corporation and is a 
web service application that can be utilized in the Internet without a need for capital purchase. 

REAL-TIME ENTERPRISE 
Real-Time Enterprises (RTE) require expanded business application functionality, supported by Service-Oriented 
Information technology architecture. They also require changes in manual processes activities and metrics (built 
upon Service-Oriented Architecture and other best-in-class services-based business applications) to be assessed and 
measured .. Cordys BCP (Business Collaboration Platform) provides a Service-Oriented Architectural framework 

. based on Web Services that enables enterprises to integrate, orchestrate, monitor, and improve key business 
processes and mission critical applications. A few of the characteristics of a real-time enterprise indicate that these 

organizations are .committed to: 

• 
• 
• 
• 

Electronic communication.within the Value Chain 
Faster interaction, more real-time processes 
Multi-platform integration 
Measuring operational excellence through process metrics 

There are additional traits that separate real-tim~ enterprise from a lagged-enterprise. In the context of production 
systems, a time~lagged enterprise is usually operating purely based on a forecasted schedule and is often known 
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As illustrated in Figure 2, there are basically four components to Cordys BCP: 
1) Integrator - enables all. intra / inters enterprise applications to become exposed as Web Services using 

industry standards (e.g. SOAP, XML, LDAP, WSDL). This includes both new and existing (i.e., legacy) 
applications, as well ~s systems that have been architected to comply with either a ".NET" or "J2EE'' 
framework. Once applications become services, Cordys Business Integrator can also be leveraged to 
provide integration, establish a corporate-wide framework for collaboration, and through the use of Cordys 
Orchestrator these services-based systems can then become part of company-wide business processes 
involving: people, applications, departmental units, business partners, other business processes. 

2) Orchestrator - meets the process management requirements of enterprise adopting these real time 
strategies. It enables modeling, deployment, monitoring and management of Real-Time Collaborative 
Business Processes. Based on Service-Oriented.Architecture, the Orchestrator seamlessly handles business 
processes spread across data sources, applications and enterprises. The key capabilities provided by the 
Orchestrator are: 

a. Open standarc,ls (Business Process Modeling Language) based business process modeling and 
execution 

b. Real-:-Time monitoring ofbusiness processes 
c. Business rules fr~ework with configurable logic 
d. Object management infrastructure 
e. Business event monitoring and real time alerts 
f. Data transformation 
g. Support for human intervention in processes 
h. Inter-enterprise process execution . 

3) Portal - the end game in the journey towards Real-Time Enterprise is higher information transparency and 
improved decision making leading to superior business performance. These.are ever-pertinent objectives · 
that business managers are striving to achieve using state-of-the-art technologies, tools and-techniques. · 
Meeting these requirements, the Portal acts as the Business Performance Management framework of 
choice. The Portal provides Web Services-based integrated framework for real-time business performance 
monitoring, analysis and management, leveraging the aggregated information from Real-Time 
Collaborative Processes. The-key features of Portal are: 

a. Completely based on open and secure Web Services infrastructure 
b. Suite of business intelligence capabilities 
c. Suite of business analysis capabilities 
d. Collaborative communication tools 
e. Real-time business event monitoring and alerting 
f. Workspace personalization 
g. Wizard driven content development 
h. Value-added and real-time data aggregation 

Enterprises are starting to transform themselves from vertically integrated organizations f~cused on optimizing 
internal enterprise functions to more agile, core-competency-based entities that strive to position the enterprise 
optimally within the supply chain and the value network (Gartner Group, 20_03). In order to maximize the potential 
of conducting business over a global and open network, the industry is rapidly relying on widely available Service
Oriented architectures. In fact, the wide-availability of the Internet more naturally fits an ecosystem of web-based 
software and enterprise provided services; a network of n9des that can each provide in a reliable fashion one or more 
business services to any other.participant of the network. · 

THE NEXT STEP. · 
Currently Cordys system has been introduced in the market and numerous OEMs have begun using it. There is a 
serious need in organizations to hire newly engineering and management graduates who have been exposed to the 
latest technological advancements and tools. At the top· of the list, the need for immediate reduction in further 
investment on technoiogy and new applications without the complete use of current applications in the enterprises is 
clear. Because Cordys technology is available on the Int~rnet, the users do not need to invest in costly hardware or 
full implementation of this technology on their site: In fact, users are encouraged to utilize Cordys via the Internet 
and only pay a minimal monthly fee for complete use of the BCP platform in the company. 
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USING SYSTEM DYNAMICS AS AN EDUCATIONAL TOOL IN EXPLAINING THE SUPPLY CHAIN 

Nabeel Yousef, Ahmad Rahal and Renee Butler 
University of Central Florida 

ABSTRACT 
In this paper, we demonstrate an extension of the Beer Game to expose students to sy t d · d · . . . . s em ynain1cs an experience 
supply cham dec1S1ons. ~he model exemplifies the bullwhip effect and the contributing factors. The model shows 
the backlog for the supplier, the wholesaler, and the retailer so that the student can play the role of the distributor. 
The expected outcomes for the students are to analyze the bullwhip effect and write a report on the contributing 
factors. 

INTRODUCTION 
~e beer game, a supply chain management game, developed in the 60s at the Massachusetts Institute of 
Techno_logy'~ Sloan_School of~~age~ent ~s a laboratory replica (simulation) of the real settings. The beer game 
does this_ ~y nnmersmg the part1c1pants m a smgle b:and of beer production / distribution system. The players at 
eac~ pas1tlon are completely free t~ n:iake ~y decis10n that seems prudent and their only goal is to manage their 
position as best as they can to max1mtze their profits. The only constraint in this game is the time needed between 
ordering the beer and receiving it ( 4 weeks in this case). The flow of the production/distribution system starts from 
the brewery to the wholesaler, and then to the retailer until the product reaches the customer. The game reveals that 
the problem originates in the basic ways of thinking and interacting, more than peculiarities of organization structure 
and policy. 

GAME DEFINITION 
The Beer Game is a simulation of the Beer industry's supply chain including the beer manufacturer, the wholesaler, 
and the retailer. The game introduces participan~ to Supply Chain Management principles by demonstrating the 
effects that decisions at one part of the supply chain have on other parts of the chain. It also demonstrates the cost of 
demand uncertainty, lead times, and non-value adding activities as well as the value of information. The objective of 
the game is to minimize total inventory carrying costs, along with backorder costs in the given supply chain channel: 
System dynamics principles within organization and economies are also exhibited by playing The Beer Game. 
Players are organized into a supply chain with three tiers (brewer, wholesaler and retailer), and the task of each tier 
is to produce, distribute and sell beer, respectively. Each tier sends orders to and receives beer from the adjacent 
upstream tier, and receives orders from and ships beer to the adjacent downstream organization. For example, the 
distributor sends orders to and receives beer from the brewery, and receives orders from and ships beer to the 
wholesaler. As in the real world, there are delays between placing and receiving orders of 4 weeks. The players at 
each tier are completely free to make any decision that seems according to the information that they have. There 
only goal is to manage their tier the best way they can to maximize their profit. 
There are basic rules established at the beginning of the game that each tier of the supply chain has to follow. 

· • No communication between supply. chain tiers. The retailer should not talk to anyone else, same for the 
wholesaler, and b~ewer. The only communication between players should be through the passing of orders 
and receiving of beer. 

• The retailer is the only one in direct contact with the customer. 
• Supply of raw material from external sources is assumed to be infinite. 
• The initial inventory is assumed to me equal for all tiers of the supply chain. 

METHODOLOGY 
The approach used t~ derive the equations of the model of The Beer Game, was first the identification of~e . 
problem, and then the-dynamics hypothesis explaining the cause of the p~oble~ was defi~ed. Further, usmg Vens1m 
software, a model of The Beer Game system was simulated. Vensim, a s1mulat10~ m~delmg software for syste~ 
dynamics with features (simulation tools) that allows for tracing sources of behavior ma model. The data used m 
this study, is based on Peter Senge's The Fifth Discipline (1990). 
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Loop Number 1 oflength I 
Inventory Retailer 

Selling 
Loop Number 2 of length 5 

Inventory Retailer 
Inventory correction 
Retail Ordering 
Ordering Wholesale 
Shipping 
Receiving 

Loop Number 3 of length 6 
Inventory Retailer 

Inventory cox:rection 
Retail Ordering 
Ordering Wholesale 
Shipping . 
Receiving 
Selling 

Loop Number 4 oflength 7 
Inventory Retailer 

Inventory correction 
Retail Ordering 
Ordering Wholesale 
Backlog Flow Wholesaler 
Backlog Wholesaler 
Shipping . 
Receiving 

Loop Number S of length 8 
Inventory Retailer 

Inventory correction 
Retail Ordering 
Ordering Wholesale 
Ordering Brewer 
Shipping to Wholesaler 
Wholesaler Receiving 
Shipping 
Receiving 

Loop Number 6 of length 8 
Inventory Retailer 

Inventory correction 
Retail Ordering 
Ordering Wholesale 
Backlog Flow Wholesaler 
Backlog Wholesaler 
Shipping 
Receiving 
Selling 

Loop Number 7 of length 9 
Inventory Retailer 

Inventory correction · 
Retail Ordering 
Ordering Wholesale 
Ordering Brewer 
Shipping to Wholesaler 
Wholesaler Receiving 
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Shipping 
Receiving 
Selling 

Loop Number 8 of length 9 
Inventory Retailer 

Inventory correction 
Retail Ordering 
Ordering Wholesale 
Ordering Brewer 
Shipping to Wholesaler 
Wholesaler Receiving 
Inventory Wholesaler 
Shipping 
Receiving 

Loop Number 9 of length 10 
Inventory Retailer 

Inventory correction 
Retail Ordering 
Ordering Wholesale 
Ordering Brewer 
Backlog Flow 

Loop Number 9 of length lO(continue) 
Backlog Brewer 

Shipping to Wholesaler 
Wholesaler Receiving 
Shipping 
Receiving 

Loop Number 10 oflength 10 
Inventory Retailer 

Inventory correction 
Retail Ordering 
Ordering Wbolesafe 
Ordering Brewer 
Shipping to Wholesaler 
Wholesaler Receiving 
Inventory Wholesaler 
Shipping 
Receiving 
Selling 

Loop Number 11 of length 11 
Inventory Retailer 

Inventory correction 
Retail Ordering 
Ordering Wholesale 
Ordering.Brewer 

_ . _ Backlog Flow 
Backlog Brewer 
Shipping to Wholesaler 
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Shipping 
Receiving 
Selling 
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Figure # 5 Represents the Beer Game Model in Vensim. 
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Graph # 4 Backlog Retailer Graph 

SENSITIVITY ANALYSIS 

◄8 52 

The purpose of the sensitivity analysis is to determine how "sensitive'~ is The Beer Grune model if changes are 
introduced to specific parameter or structures. If the behavior of the model changes drastically, that suggests a 
critically important factor. Conversely, if a large change results in little change in behavior of the model, that factor 
is not likely to be central to the dynamics being tested. 

Maximizing the time to correct inventory retailer will minimize the oscillation for both the inventory retailer and .the 
inventory wholesaler. Also the backlog for each one of the piayers will be reduced. The three different colors in the 
following graphs shows the how the oscillation was minimize by giving more time to _correct inventory. 
Also we have the problem of the communication between the retailer al)d_the wholesaler were it take 4 weeks 
between sending the order and receiving the shipment changing the time will also minimize the oscillation. 
Graph # 5 shows the oscillation in the three different cases of the T:f CIR values and how does that affect the 
oscillation for the retailer inventory. While Graph # 6 shows the backlog for the retailer and Graph # 7 shows the 
oscillation of the wholesaler inventory. · 
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STUDENT'S LESSONS LEARNED 
The game will clearly dem~nstrate the "Bullwhi~-Effect", the wild swing of demand. Demand variability increases 
upstream of the supply cham away from the retail, and small changes in customers demand can result in large 
variations in orders placed upstream. Ultimately, the network can oscillate in very large swings as each tier in the 
supply chain seeks to solve the problem from .its own perspective, exhibiting the "Bullwhip-Effect". 

To minimize the "Bullwhip Effect", there must be a clear understanding of what drives customer demand planning 
and inventory consumption as they are the triggers for replenishment order quantities at various points in the supply 
chain. In addition, both customers and suppliers must work together to improve information quality and compressing 
cycle times throughout the entire process. Some of the following actions would improve the overall process and 
would minimize the ''Bullwhip-Effect": 

• Minimize the cycle time in receiving projected and actual demand information. 

• Establish the monitoring of actual demand for product to as near a real time basis as possible. 

• Understand product demand patterns at each stage of the supply chain. 

• Increase the frequency anq quality l collaboration through shared demand information. 

• Minimize or eliminate information ueues that create information flow delays. 

• Eliminate inventory replenishment ethods that launch. demand lumps into the supply chain. 

• Provide vendor-managed inventory (VMI) services by collaboratively planning inventory needs with 
the customer to projected end-user demand then, monitor actual demand to fine tune the actual VMI 
levels. 

The wilds oscillation resulting from the Beer Game cannot be attribut~d to one of the player. The structure of the 
game itself influences the behavior of all the players. Thus, the system causes its own crises. The structure of the 
grupe is very complex and includes the inter-relationships among the different tiers of the supply chain. These inter
relationships control the behaviors ofthe·players in the Beer Game. The participants have the ability and capability 
· to eliminate the extreme instabilities· that occur, but they fail to correct the oscillation due to the lack of 
understanding of how their inputs are affecting or causing the instability of the system. 

CONCLUSIONS 
A preliminary Beer game simulation model was created and ran using· Vensim. The model was tested using different 
values for the parameter "Time to Correct Inventory at the retailer, wholesaler and brewer levels (TTCIR, TTCIW, 
TTCIB)"of the ·supply chains and their impact on the rest of the chain. The results and sensitivity analysis are shown 
in the graphs. The addition of the disttjbution tier by the students, will introduce additional factors that will show 
that demand variability increases upstream of the supply chain away from the retail, and small changes in customers 
demand can result in large variations in orders placed upstream. 
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Similar assumptions are also made for the other levels of the supply chain 

Modeling Equations 
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Modeling equations for the produ~tion/distribution system were derived based on the relationship between the 
different tiers of the supply chain. System dynamics with features (simulation tools) were used to allow for tracing 
the sources of behavior in the model. 
d(Inventory Re tailer) 

Receiving - Selling 
dt 

d(lnventoryWholesaler) Wh 1 1 R . . sh· . 
dt . o esa er e ce1vmgs - 1ppmg 

d(Inventory Manufacturer) . . . 
Pr oductton at Factory- Shippmg to Wholesaler 

dt · ~-

d(BacklogRetail) B kl · .Fl R. .1 ac og ow etal er 
dt . 

Substituting the auxiliary variables in the flows in each eq~ation above we get the following: 

d(Invenfory Re tailer) 

dt 
Delay Fixed( shipping, 2, 4) - Min(Inventory Re tailer + Receiving, Demand + Back log Re tailer) 

d(lnventory Re tailer) 
Delay Fixed( shipping, 2, 4) -

dt 
Min(lnventory Re tailer+ Delay Fixed( shipping, 2, 4 ), Initial Demand 

+ Demand Change+ Back log Re tailer) 

In C 
. Desired Inventory - -Inventory Re tailer 

ventory orrectlon 
TTCIR 

Re tailer Ordering = Demand + Inventory Correction 

CAUSAL LOOPS 
The Causal Loops are diagrams that repres~nts a closed loop of cause-effect linkages (causal links), .this is intended 
to capture how the variables inter-relate. In this model, the causal loops of the system were constructed by: · 
1) Choosing the variables, 
2) Linking the variables with arrows pointing from cause to effect, 
3) Assigning a direction of effect to each link; 
4) Indicating delays were needed and 
5) Assigning polarity to the overall loop. Listed below are the loops and the variables that form each loop:. 
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SIMULATION OUTPUT GRAPHS 
When time to correct inventory at the retail level TT CIR was set at 2 weeks, it result~d. .t~e. curves displayed in the 
graphs below. ~R'Ml shows the inve·ntory retailer oscillation for 52 weeks. While ~jifjj shows the oscillation 
for the wholesaler inventory. Both graphs show the amplification of the problem going towards the Brewer. 
gr.a~li.l,i: shows the behavior of the backlog for the retailer, which is going to be the same for both the wholesaler 
and the brewer. 
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The game clearly demonstrates the ''Bullwhip-Effect", the wild swing of demand. Demand variability increases 
upstream of the supply chain, away from the retail and small changes in customers demand can result in large 
variations in orders placed upstream. Ultimately, the network can oscillate in very large swings as each tier in the 
supply chain seeks to solve the problem from its own perspective, exhibiting the "Bullwhip-Effect". 

To minimize the "Bull whip Effect", there must be a clear understanding of what drives customer _demand planning 
and inventory consumption as they are the triggers for replenishment order quantities at various. points in the supply 
chain. In addition, both customers and suppliers must work together to improve information quality and compressing 
cycle times throughout the entire process. Some of the following actions would improve the overall process and 
would minimize the "Bullwhip-Effect": 

• Minimize the cycle time in receiving projected and actual demand informati~~-

• Establish the monitoring of actual demand for product to as near a real time basis as possible. 

• Understand product demand patterns ·at each stage of the supply chain. 

• Increase the frequency and quality of collaboration through shared demand information._ 

• Minimize or eliminate information queues that create information flow delays. 

• Eliminate inventory replenishment methods that launch demand lumps into the supply chain. 

• Provide vendor-managed inventory (VMI) services l?Y collaboratively planning inventory needs with 
the customer to projected end-user demand then, ~onitor actual demand to fine tune the actual VMI 
levels. · 
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A METHODOLOGY FOR VEHICLE ROUTING SYSTEM (VRS) SOFTWARE VENDOR SELECTION 

Atira Brown and Colin Benjamin 
Florida A&M University 

ABSTRACT 
W, e de~elop a methodology for selecting ~S software vendors and illustrate its application via a case study in a 
biological wa~te mana_gement comp~ny. This ap~roach follows a systematic, structured process to identify the 
vendor best ahgned with a company s technological and strategic needs. 

INTRODUCTION 
The origin of vehicle routing systems can be traced back to 1736, when Euler, a renowned mathematician, 
developed his legendary "Konigsberg Bridge" question. At this time Euler wanted to know if it was possible to find 
a route through a given city that would cross all of the seven bridges only once and then return to the original point. 
The answer to this question established the foundation of graph theory, which is the basis for path-finding 
algorithms that are utilized in route and transportation network solutions [1]. 

Circa 1970, operations researchers focused on two elements of vehicle routing problems, the Traveling Salesman 
Problem (TSP) and the Chinese Postman Problem (CPP). The TSP occurs when a vehicle has to travel the shortest 
path from node to node, visiting every node and ultimately returning to the home base, much like a salesman with 
selected destinations. The CPP occurs when a vehicle must pass through every road link in the network, like a 
postman who has to travel to every location on every road [2]. 

Due to the rapid evolution of technology and increasing sophistication of business processes, routing problems 
have become more complex. The increase in routing problem complexify has required more innovative routing 
solutjons. 

Over the years, Routing solutions have evolved tremendously. Users can now choose from software products 
ranging from simple A-to -B drive time analyses to comprehensive fleet management systems. These products are 
currently used by logistics and supply chain managers to ensure a competitive advantage, through efficient and 
optimal transportation networks that lead to high levels of responsiveness and quality customer service. 

We develop a methodology for selecting VRS software vendors and illustrate its application via a case study in a 
biological waste management company. This approach follows a systematic, structured process to identify the 
vendor best aligned with a company's t~chnological and strategic needs. 

LITERATURE REVIEW 

VRS-Software 
According to Partyka and Hall [3] vehicle routing can be defined in terms of decisions, constraints and objectives. 
The decisions of vehicle routing are characterized by linking a group of customers to groups of drivers and vehicles 
in the most efficient and effective way possible. The constraints involve strategically completing the routes with the 
available resources and within time limits imposed by the drivers' work schedules, driving speeds and customer 
commitments. Therefore, the objective of vehicle routing software is to facilitate the provision of high-level 
customer service while minimizing operating and investment costs. 

One of the major challenges encountered by companies seeking to improve Vehicle Routing, is finding a software 
solution that meets the company's unique vehicle routing demands. The diversity of fleet characteristics and 
applications may include mixed pickup and delivery schedules, driver specializations, time . frames an~ multiple 
facilities. There is also a need for system integration with on-board and handheld computers, order pickup and 
delivery, and supply chain software [3]. It is clear that there are varying ~d specific details associated ~ith 
specifications and needs of a given firm. There is clearly a need for a systematic, structured VRS vendor selection 
methodology to assist firms in finding the software that will best fit their needs. · 
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Step #3: Develop Plan of Action for Software Selection Process 
Select a project team and clarify-roles and communication channels that will lead to effectively meeting realistic 
objectives. When developing objectives, be very clear of the firm's limitations and constraints. 

Step#4: Establish Timelines and Milestones for the Vendor Selection Process 
Utilize project management softwares, such as Microsoft Project, to create GANTT charts, PERT charts, and 
resource budgets. Make sure the timeline reflects the necessary urgency and level or responsiveness required. 

Step #5: Conduct a Needs Analysis for your firm 
Utilize the YRS Needs Criteria Model (Figure I) to analyze the factors needed and expected, by the firm, from a 
vehicle routing software viz Technological, Routing, Responsiveness, and Customer Support Needs. Apply relative 
importance weights to the factors that fit the firm's needs. 

Phase# 2: Identify Software Alternatives 
Step #6: Develop a Database of Software Options . 
Utilize VRS surveys, websites, journals, and industry-related publications to create a database of vehicle routing 
software vendors. Create a. database that includes Iital company information. 

Phase #3: Compare Software Alternatives 
Step #7: Compare the VRS vendors using a Mui -Criteria Decision Model 
Create a Multi-Criteria Decision model utilizing tlie needs analysis factors and relative importance weights (step 
#5), and then compare all vendors within the database (step# 6). At this point, the lowest ranking VRS v~ndors will 
be eliminated. 

Phase #4: Evaluate Preferred Vendor 
Step #8: Establish direct vendor and software contact 
Begin direct commllilication with the high-ranking vendors and make your firm's interest known. Ask for demos 
that are supported by the firm's operating systems. It is important to make sure that you are comparing "apples to 
apples". Discuss potential packages, costs, and services. Invite vendors to conduct presentations and live demos at 
your firm. Negotiate with firms that you feel can alter their bids, to suit your firm's needs. 

Step#9: Utilize Analytic Hierarchy Process (AHP) to select final vendor 
Use the decision support system, Expert Choice, 10' develop consensus about what is really important in selecting the 
best vendor. This eliminates a lot of the subjectivity often involved in vendor selection processes (10]. Then 
conduct a detailed evaluation of high-ranking-vendors, before selecting the final vendor. 

Phase #S: System Implementation 
Step # 10: Plan delivery of anticipated Return on Investment (ROI) 
Make sure that the plan for implementation is in alignment with firm expectations of capital projects. Assess 
business risks and return on investments. 

Step # 11: Develop Plan of Action for Implementation and Implement System 
Ensure that project teams, timelines, training schedules, and targets are successfully established. 

Step #12: Launch VRS software 
Allow users to begin utilizing the system on a daily basis. Monitor usage . . 

Step #13: Evaluate VRS post- implementation usage 
Evaluate operational performance of YRS software. 

CASE STUDY 
A company specializing in biological waste management, locate~ in Atlanta, GA, is expanding its transportation and 
logistics services internationally. The corporation's operations have been forecasted to grow beyond the capabilities 
of its current technological systems. The firm also had a limited budget for software acquisition, but was interested 
in having a state-of-the-art VRS system with relevant features which could be integrated with its current business 
application software. This firm was a primary candidate for application of the VRS seiection model. 
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Figure 2. YRS Selection Methodology 
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