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ABSTRACT 

MANAGEMENT DEPLOYMENT: A SYSTEMS ENGINEERING APPROACH 

Bahador Ghahramani, Ph.D., P.E., CPE 
Engineering Management Department 

School of Engineering 
University of Missouri-Rolla · 

Rolla, Missouri 65401-0249 (USA) 
E-mail:ghahrama@shuttle.cc.umr.edu 

Tel.: (573) 341-6057 
Fax.: (573) 341-6567 

A Systems Engineering (SE) approach to Management Deployment (MD) is a philosophy of management and 
method that enables an organization to effectively impleme~t its managerial strategy through collective planning, 
continuous quality improvement, and benchmarking. The MD process is optimization of all managerial resources to 
reach the organization's objectives adhering to the continuous quality philosophy of management. The primary 
purpose of MD is to enhance an organization's efforts to initiate integration of policy deployment into planning 
activities. The MD initiative can be discussed as an iterative Shewart Plan-Do-Check-Act cycle that is carried out 
regularly for continuous quality improvement of the results and of the process that led to the results. This paper 
further defines the SE approach to the implementation of MD and its relationship to Total Quality Control (TQC), 
process management and improvement, and strategic planning. MD also describes other critical factors impacting 
an organization's policies, especially environmental and cultural criteria influencing managerial decisions. Besides 
defining MD, this paper addresses other pertinent issues, including cycle of MD and foundations for MD. 

INTRODUCTION 

"Doing enough of the right thing" - providing products and services that satisfy the quality expectations of the 
customers - is a challenge facing SEs today. To ensure that customer needs are met, they need to institute MD, 
charging all employees to "consistently provide products and services that satisfy the quality expectations of the 
customers." 

SEs strive to understand customer needs and expectations, but lack a systematic way to link those needs, once 
understood through al~ stages of the life cycle or realization process. MD can effectively provide this link. MD 
provides a way to ensure that customer needs are addressed from concept through delivery. It requires teamwork 
between all functions involved in product or services realization. MD is a change from the reaction managerial 
mode to the proactive mode. 

MD is a SE method that emphasizes a systematic approach for planning and decision-making that can be used 
throughout the design and development of a product or service realization process. The MD process is driven by 
customer requirements and is characterized by the use of cross-functional teams and the application of graphical 
tools to enh·ance the decision making process and follow-ups. 

TEAM APPROACH 

To initiate the process, teams are organized based on the MD philosophy to translate customer needs and 
requirements into appropriate· technical requirements at each stage of the project, from research and development 
(R&D) through distribution and support. MD stresses the.importance of: 

• 
• 
• 

Understanding customer requirements and needs; 
Focusing effort and resources on the most important customer requirements and needs; 
Communicating customer needs to all organizations involved in providing a product or service; and 
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• Matching customer requirements and needs to technical characteristics and features that will meet and 

exceed customer expectation. 

As a methodology, MD can be applied to all phases of the product D&D and lifecycle. However, the thrust of the 

MD is on applications during the product definition phase. 

M, D h b 'dely and successfully used in the leading companies, AT&T, IBM, Toyota, Kodak, and Xerox. For 
as een w1 • 1 · l h · 

the MD process to be successful in a manufacturing environment, it must extensive y imp ement t ree continuous 

improvement tools: 

• Rapid prototyping; 
• Quality cycle; and 
• Benchmarking. 

RAPID PROTOTYPING 

Rapid prototyping (RP) as a MD tool refers to a group of unique fabrication operations developed to make 
engineering prototypes with ~inimum lead times. The term applies mostly to D&D of all types of systems, 
processes, products, and services. It is a state-of-the-art operation with the following attributes: 

• Reducing the lead times required to develop prototype components; 
• Improving the ability to visualize the part geometry in its three-dimensional fonn; 
• Detecting and reducing errors in their earliest stages of design; and 
• Increasing capability to realize and compute mass properties of the product parts and assemblies. 

In RP, product definition can be market or technology driven. MD is most appropriate for an environment that is 
primarily market-driven or a service where improvements, enhancements, or cost reductions are proactively sought. 
MD is also effective in helping to make technology-driven products more responsive to market requirements and 

needs. 

Application of MD in rapid prototyping is a system engineering benchmarking approac~ for continuously 
evaluating and measuring current manufacturing operations (system, process, product, or service) and comparing 

, them to "best-in-class" operations. Benchmarking will provide an organization insight for building process plans to 
meet, surpass, and maintain industry's best practices. The most important criteria of any benchmarking process in 
rapid prototyping are planning, information gathering, incorporating infonnation, and updating the statistics. 

RAPID PROTOTYPING PROCESS 

Modem industries are increasingly integrating benchmarking in RP with their strategic planning initiatives in order 
to: 

• Gain a competitive edge in the global market; 
• Maintain their market shares and leads; and 
• Acquire world-class standards and recognition. 

In rapid prototyping, the Malcolm Baldrige National Quality Award (MBNQA) criteria are universally used as the 
primary test of an operation's ability to meet and surpass industry's best practices and achieve world-class stature. 
The MBNQA recognizes benchmarking as the essential process in achieving world-class standards and recognition. 

U.s_. Dep~rt~ent of ~omme~ce, in referring to the MBNQA indicates that "Benchmarking offers the opportunity to 
achieve s1gmficant Improvements based on adoption or adaptation of current best practice .. . benchmarking 
represents a clear _c~allenge to beat ,!he best, thus encouraging ~ajor .improvements rather than only incremental 
refine~ents of ex1st1?g approaches . . Of the total MBNQA pomt score, more than 25 percent is based on how 
effectively and efficiently the operation gathers and uses benchmarking information. Within most companies 
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awarded the MBNQA, benchmarking processes are an integral part of an overall assessment of all business 
operations and benchmarking activities are incorporated in all phases of the business. 

QUALITY CYCLE PROCESS 

The quality cycle (QC) process is presented as a closed cycle, a perspective that initiates a continuous evolution 
recognizing additional opportunities for "best-in-class" and excellence. The process initiates: 

• Business analysis and planning information to identify directions for the benchmarking activities; and 
• Information development that enhances and serves as an input to foster planning and improvements. 

The "Quality Cycle", Figure 1, is a presentation of this closed model and its elements. The QC efforts will achieve 
excellence and proceeds with an effective relationship between benchmarking and MD in RP. QC initiatives are not 
an alternative to process management, rather, they are part of a continuous and evolutionary process that is capable 
of adjusting and monitoring all phases of operations from the concept to the product phase, or the final phase. 

PROCESS 

CUS10MER 

NEEDS 

PRIORI1YOF 
CUSTOMER 

Figure 1, Quality Cycle Process. 

The QC model reaches far beyond recogmzmg targets and objectives of the company to successfully and 
systematically gather, apply, maintain, and analyze pertinent benchmarking information. Within the context of MD 
in rapid prototyping, the process model not only provides statistics, but also evaluates the data and initiates results. 
In rapid prototyping, the Taguchi philosophy, and applications of ISO 9000 MD can be addressed in an interactive 
and interdependent initiative that is presented in Figure 2. Figure 2, is a modem systems engineering approach to 
MD which is known as the Total Quality Function Deployment or TQFD. This systems approach incorporates all 
t~at is significant and critical to analyze, evaluate, and recommend in an MD initiative. 
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UPOOI.TINO 

IMPLEMENTATION · 
PROCESS 

RECOMMENDATIONS 

ANALYSIS 

PLANNING 'THE 
SCOPE 

INFORMA"llON 
GA'IHERING 

BEST -IN-CLASS 
PROCESS 

BEST-IN- CLASS 
INFORMATION 

Figure 2, Benchmarking MD. 

• The. interest in the QC principles using MD is growing throughout industry. Most companies consider quality as the 
single most important strategic issue of the 1990s and it is certain to remain so during the 21st Century. There are 
four factors that govern how a QC process is perceived. These factors have been described and outlined below. 

• Customer needs: Understanding of customers' requirements, inputs, and values; 
• Organization -process: Recognition of the organization's environment, culture, and capability; 
• Scientific methods: Applications of modem scientific tools and quality methods ( e.g. , Taguchi) and their 

use of precise specifications and requirements; and 
• Systems operations: Achievement of organization's goal and strategy using the ISO 9000 criteria. 

Success of the QC process comes from appropriate balance among the nine elements that are addressed in Table 1. 
Implementation of the QC in most companies may require: 

• Achieving environmental and cultural changes; and 
• Modernizing and changing management concepts and approaches to quality. 

BENVHMARKING PROCESS 

Benchmarking MD and application of the QC are summarized in Table 1 ·. The benchmarking process extends 
beyond analyzing and identifying targets and goals to _ a systematic appr_oach for collecting, evaluating, 
implementing, ~nd storing benchmarking information. Within the context of MD, the benchmarking process not 
only provides anecdotal information, but also immediately concentrates on useful and pertinent results. As part of 
the QC, and MD processes, benchmarking in this environment is again a closed cycle operation with the goal of 
achieving "best-in-class" status in the global market. 

Using the MD and QC processes in RP as a frame of reference, benchmarking is especially significant in regard to 
the following initiatives: · . 

• Establish RP responsibilities; 
• - Analyze process and determine customer requirements; 
• Define and establish measures; _ 
~ Evaluate and assess conformance to customer specifications; 
• Identify process improvement opportunities; 
• Prioritize improvement and establish objectives; and 
• Apply MD using QC. 
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The above initiatives, enhanced with applications of the Taguchi principles and the insight of benchmarking, 
provide great potential to the best-of-the-best in the global market, to ultimately achieve excellence and superior 
quality performance. Companies that are skilled in implementing MD and QC are well positioned to successfully 
implement the benchmarking process. Implementing MD and QC will create hierarchical criteria that are depicted 
in Figure 3. 

Cost 

SUMMARY 

Service 

GOAL 

Customer 
Requirments 

CRITERIA 

Figure 3, Implementation of MD. 

The MD initiative assesses competitors, customer requirements and needs, environment, technology, industry, 
economy, and shareholders interests to set its vision, mission, goals, objectives, and guiding principles. The system 
also uses this information to establish customer requirements, shareholder requirements, competitive positioning, 
pricing, key performance indicators, core competencies, and its overall quality and management system. MD 
supports the st~ategic level of a business planning process. 
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Tablet, Benchmarking Process. 

ELEMENTS PROCESS 

' 

-1. Analysis of the Concept Decision to proactively initiate benchmarking. 

2. Planning the Scope Develop the benchmarking plan based on the identified 
scope. 

3. Information Gathering Analyze the preliminary information gathering process on 
similar industries and own detailed statistics. 

4. Best-in-Class Process Identify and analyze the best-in-class processes. 

5. Best-in-Class Information Evaluate and gather information from companies with best-
Gathering in-class processes. 

6. Recommendation Assess and compare your operation and . best-in-class 
processes and develop detailed and conclusive 
recommendations. 

7. Implementation Planning Prepare and develop operational improvement plans to 
initiate and achieve excellence and a competitive edge. 

8. Implementation Process Implement and proceed with monitoring and evaluating 
~ 

process improvements and perform comparative analysis at 
every stage of the improvement process. 

9. Updating and Improving Update benchmarking results of the MD process and 
analyze the enhanced and improved operations. 

" 
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An Intelligent Object-Oriented Approach t~ Planning Decisions Support 
in Production Assembly Systems. 

Aziz Ezzat EISayed 
Production Engineering Departtnent 

Alexandria University. Alexandria 21544. Egypt 

ABSTRACT 

Assembly operations are bottleneck activities in production systems. They are categorized as low-value 
ad~ labor-intensive, and time-consuming tasks. As compared to manufacturing, planning those 

. operations is highly complex. and little research has been done in this area so far. The work addressed 
here presents an intensive computer-based system to deal with the problem of assembly planning. The 
system has been identified to have two basic divisions. namely: assembly sequence system. and assembly 
equipment selection system. Due to the nature of the problem space, and the wide spectrum of input 
data, an intelligent object-oriented approach is suggested as a platfonn for modeling and building the 
system. 

1. IMPORTANCE OF ASSEMBLY AND ASSEMBLY PLANNING-AN OVERVIEW: (1,2, 5-11) 

Assembly operations are key tasks in manufacturing industries today, since they represent a large portion of the total 
activities performed in production. In addition to their role in product realiz.ation, assembly and disassembly 
operations are crucial in maintenance work, inspection, check-ups, and recycling operations. 
Assemblies .Planning activities are still very much paper and pencil based and is driven by the experience of the 
planner. 
They are becoming more difficult due to the ever-changing nature of the production environment Before proceeding 
any further, it is necessary to define the following terms 
Assemb{v: is a collection of parts which when put together correctly lead to a functional product. Fig. 1. 
Assembly Operation: It consists of establishing physical contact between one or more of the following: Two parts - a 
part and a subassembly - two subassembly. Examples for assembly operations includes: Screw, Press. Re-orient, Fit, 
Rivet, Against, etc. 
Assembly plans: A detailed description of the different procedures and operations to be performed in a certain 
sequence so that the final assembly is achieved with a desired quality and configuration [7,8J. 
Assembly Cell: The physical arrangement of equipment to perfonn different assembly operations and to transfer the 
parts, sub-assemblies, and the product to and from assembly cell, Fig. 2 [l]. Assembly cells could be classified into: 
manual and automated (Robotic cell). 

2. SYSTEM GENERA.". OBJECTIVE 
The development of a computer-based system for the generation of assembly plans and to formalize the decision logic 
in the evaluation and selection of optimal assembly and disassembly plans to be used in production. The system will 
also incorporate a standardized approach to the selection of assembly cell equipment 

3. FORMULATION OF THE PROBLEM 

3.1. Assembly Sequence: [3,4,8,12,13] 
The most critiC?tl issue within assembly and disassembly planning is the decision related to assembly sequence. 
The problem can be summarized as follows: 
For a product having (n) number of sub-assemblies. it is required to find the optimal assembly sequence under a 
number of constraints dictated from different interacting factors. such as: geometry constraints, accessibility 
constraints, and so on. In Fig.J, the four components (a.b.c.d) are to be assembled to fonn a final product With no 
constraints, the generation of different assembly . sequences is time consuming and costly. There are ( 14) different 
possible assembly/disassembly sequences for components a.b.c.d. A more realistic fonnulation of the problem would 
result in reducing the number of possible sequences. 

3.1.1. Assembly sequence with constraints: 
A group of constraints reduce the number of possibilities and consequently the optimality search space is limited. 
Among those constraints the following are som~ examples: 
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a. Geometrical feasibility Constraint: . · · 
A simple example of the geometrical feasibility constraint imposed from the sub-assembly characteristics is exhibited 

in Fig 4. 
Table (1) 

Possibilitv Description Geometricallv Feasible 

1 a.b.c - {a.b}. c - {a.b.c} Yes 

2 a.b.c - {a.c}. b - (a.b.c} No 

3 a.b.c - {b.c}. a - {a.b.c} Yes 
" 

As shown in table 1, the possible sequences are {screw a in b,then screw c in {a,b}} or {screw bin c, then screw a in 

{b,c}}. 
b. Accessibility Constraints: 
If a part is geometrically removable, but the restricted access of a tool to hold and remove it makes the corresponding 
disassembly operation very difficult or impossible, this is denoted as an accessibility constraint 
c. Re-orientati.on: 
the choice of assembly sequence which requires least number of re-orientations is preferable since it reduces the total 

· number of total assembly time, as shown in fi~ 5. 
d. Concurrency: . 
Any assembly sequence which allows Concurrency (i.e. concurrent execution of some assembly tasks leads to 
significant reduction in total assembly time. 
e. StabilitJ·: 

· Each 3D • component has six degrees of freedom. namely: three translations + three rotations. The direction of both 
translation and rotation could be (+) or (-), which gives a total of 12 degrees of freedom for the same component. 
When two components are in .physical contact their degrees of freedom are reduced depending on the type of contact. 
Less degrees of freedom means that the relative motion between the components is more constrained which increases 
stability. A high stable subassembly improves quality of the assembly operation, and reduces cycle time. 

3.2. Previous Research Work 
Recently, the problem of assembly and disassembly planning have been treated by a number of researchers, though 
the · generation of all possible assembly sequences and then evaluate each possibility under certain criteria in order to 
find the best optimal sequence. the following are few examples: 
Van Brussel [12) reported a keynote paper on the state-of-the-art of assembly planning systems. He stressed the 
complexity and features of the assembly sequence domain. Laperrie [3] presented a graph search method to model · 
assembly and disassembly sequence. Geometric and accessibility constraints are formulated under a set of criteria to 
optimize the resulting assembly plan. 
Another interesting model for the automated sequencing of assembly and disassembly is suggested by Dinin [ 4]. The 
geometrical and technological relationships among the subassembly components of a product are presented through a 
mathematical model. The model is obtained from defining three matrices: interference matrix,. contact matrix, and a 
conn~on matrix. The possible subassemblies are automatically detected by satisfying some mathematical conditions 
applicable to those matrices. While there are numerous research articles conducted in areas related to the operation. 
and performance enhancement of flexible assembly systems few were devoted to planning and selection of components 
of assembly cells. On the other hand, there are some research work carried out in fields like: the selection. design._and 
planning of various flexible assembly elements. but as stand alone components, for example: material handling 
equipment. AGV's. robots, etc. [15-19) · 

4. ASSEMBLY PLAN FUNCTIONS - DETAILED SYSTEM OBJECTIVES: 
Having the previous analysis, an assembly plan may include the following functions: 
• Presentation models for products, parts, subassemblies. and attributes. · 
• Generation of the assembly bill. of materials (BOM). 
• Modeling of assembly constraints 
• Selection of appropriate fixturing and tooling 
• Selection of assembly sequence and task precedence 
• Selection of assembly equipment and material handling system (Manual or Robotics) 
• Generation of robot program (in case of a robotic cell) 
• Calculation of assembly time and cost 
• Documents Generation (assembly plan sheets). 
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5. REASONS FOR USING INTELLIGENT SYSTEMS: [7. 20-22. and 28] 
Apparently, · assembly planning tasks are recognized to be intelligent and knowledge dependent procedures. Intelligent 
problem sol~ng tools, such as knowledge based systems is defined as a tool which has the capability to understand 
specific knowledge and use the domain knowledge intelligently to suggest alternative paths of action. An intelligent 
svstem is recommended when a problem falls into one of the following categories: 
: Domain problems that can not be well defined analytically . 
• Problems that can be formulated analytically but the number of alternative solutions is large . 
• Domain knowledge is vast and relevant knowledge needs to be used selectively . 
• Knowledge required to solve the problem is scarce and expensive. 

6. STRUCTURE FOR THE PROPOSED ASSEMBLY PLANNING SYSTEM 
As in similar app~cations, the structure of the proposed planning system should be developed in three phases. they are 
as shown in Fig.6: 
• System analytical models 
• System development environment 
• System modules and user interfaces 

A description of each phase follows: 

6.1. _System Anal.ytical Models: 
Within the assembly and disassembly-planning domain analytical models are required to represent the following 
states: 
• Relationship between: parts, geometry, function, accessibility, and assembly tasks. 
• Constraints dictated from the assembly tasks. 
• Evaluation criteria for the assembly/disassembly plan. 
• Cost and time functions for _assembly and disassembly. 

6.2. System Development Environment: 
As already mentione4 intelligent knowledge based systems (KBS) are suitable as problem solving tools for assembly 
planning. To construct a knowledge base system. typical formal steps are considered as: 
• Knowledge acquisition. 
• Knowledge representation 
• Inference mechanism 
• Implementation 

6.2.1. Knowledge Acquisiti.on: 
To build a knowledge base, the problem must be clearly defined after discussion, literature review, models, and 
interactions with potential users. Definition of methods and plans to acquire knowledge and information is a pan of 
this procedure. The process of acquiring knowledge, translating it into computer format and putting it into the system 
is known as ' Knowledge Engineering '. Personal interviews with domain experts, test analysis of published research, 
and model analysis is common practices. 
6.2.2. Knowledge Representation: 
The knowledge 3.C?<Iuired by different means are organized and put into the system through the knowledge 
representation phase. A combination of data structure incorporating facts, events, relations. arid procedures 
incorporating rules. 
For presentation of rules and knowledge different techniques are used like: state space, first order predicate calculus, 
semantic nets. frames, entity relation diagrams, production rules, and object-oriented programming (OOP). 
Object-oriented ·programming is one of the most recent and widely accepted techniques of knowledge presentation. 
With (OOP) the system domain is decomposed into a collection of objects, together their relationships with each other. 
It provides an excellent paradigm to express and plan complex entities through data abstraction. encapsulation, and 
inherjtance main functions. 
Other advantages of (OOP) techniques include: more realistic view. flexible modeling environment reusability and 
ex1endibility [23-27] . 
6.2.3. Inference Mechanism: 
Inference is the process of generating alternative paths to· derive conclusions to the problem. This is done by a 
reasoning mechanism. which triggers the procedure built into the system to act upon the knowledge. The following are 
the most widely used types of inference mechanism: Heuristic search, analytical tools (LP, and NLP, ... ) , constraints 
directed reasoning, hierarchical reasoning. Hierarchical reasoning is the widely used method, and it would be done 
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through forward chaining or backward chaining. In forward chaining rules are expressed in the popular fonn: "'IF . 
condition THEN conclusion". In backward chaining rules are in the fonn " conclusion IF condition". 
6.2.4. lmp~mentation: _ 
When implementing an intelligent knowledge-based system, the developer has to choose among different 
programming styles and application generators. A variety of programming environments are available, such as: 
knowledge acquisition tools - expert system support environment (e.g. exsys®, Nexpert object®, Level 5.0 object®, ... ) -
ex-pert system shells (e.g. run time environments)- and ex-pert system development languages (e.g. C++, Pascal, Lisp, 
Prolog, ... ). Ex-pert system support environment and shells are the most acceptable types in developing planning 
applications: Level 5.0 Object shell has been selected as the system development environment Important 
characteristics of that shell are: its database interfacing capability, and its graphics architecture [29) . 

6.3. System Modules and User Interface: 
From the perspective of the system structure, the following are basic system input/output modules: 
• Parts and subassemblies 
• Bill of materials 
• Assembly sequence generator 
• Assembly cell equipment 
• Assembly time and cost 
• Robot interface and program generator. A brief description of each module follows: 

6.3.1. Parts and subassembly module: 
The presentation of parts in the system starts with their attnoutes for assembly. Pans features would be selected from a 
long list of attributes. which may be considered at the assembly planning stage. The selected attributes enable also the 
assessment of assembly equipment 
6.3.2. Bill of materials module: 
After defining parts, and subassemblies, this module enable the user to develop assembly bill of materials (BOM) from 
the parts database. A BOM carries considerable information about the parts and their assembly attributes. 
6.3.3. Assembly sequence generator module: 
An assembly sequence is generated here based on all of the predefined analytical models of constraints, together with 
previous modules for parts and BOM. This module should be a user friendly to perform and edit different alternative 
assembly scenarios. · · 
6.3.4. Assembly cell equipment module: 
This module incorporates the necessary data required to assess assembly cell equipment. Suggested criteria for such an 
activity would include: basic handling patterns (manual or robotic) - Placing directions - orientation, etc. 
6.3.5. Assembly time and cost module: 
This module provides means to evaluate the time and cost associated with assembly data, models. and procedures. 
Assembly time is calculated for both manual and robotic cells. 
6.3. 6. Robot program generator module: 
A robot is an essential entity in automated assembly cells. An important feature of the proposed system is its capability 
to end up with an assembly robot program. 
Such a program enables the robot to perform the assembly and disassembly tasks automatically. 
The FANUC robot model E-310 is a widely used robot in small and mediwn size production assembly systems. E-310 
uses KAREL (KCL) code which is a high-level robot programming language. The automatic generation of a (KCL) 
code is possible through a link module (written in C++ for example) between the application generator (Level 5.0 

· Object) and the (KCL) commands space. If successful. such a link provides true integrated (concurrent) assembly 
planning system. Appendix (A) shows a SUiilmary for KAREL command statement [30). 

SUMMARY: 

Assembly planning is a complex multi-task procedure within the production system decision-making activities. 
Among the various assembly planning procedures; assembly sequence, and assembly equipment selection are the most 
imponant In this research work. an intelligent system is suggested to tackle problems related to that domain. The 
system encompasses three basic phases: System analytical models. system development environment, and system 
modules and user interfaces. In the system-modeling phase, analytical procedures are constructed to describe the 
different relationship among the assembly system entities. For example: Evaluation criteria models, constraint models, 
time and cost models, etc. In system develop~g environment phase, necessary knowledge is acquired, and presented to 
the system through a suitable inference engine design. an object-oriented programming (OOP) style is proposed to 
perform those steps. (OOP) are very flexible, and powerful technique for modeling system entities. In the system 
module design phase. different input/output system modules are presented, such as; parts module, bill of material 
module. assembly sequence module. time and cost module. and an assembly robot program generator. 
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APPENDIX (A) 
The FANUC E-310 (KCL) Command Summary 

ABORT 
APPEND 
ASSOCIATED 
ASSOC > APPEND 
ASSOC > CLEAR 
ASSOC> DEFAULT 
ASSOC> DELETE 
ASSOC> SHOW 
CALIBRATE 
CLEAR ALL 
CLEARBREAK 
CLEAR PROGRAM 
CLEAR VARIABLES 
COMM~UNICATION 
COMM> REDIRECT 
COMM> SET BAUD 
COMM> SET OBITS 
COMM> SET DEFAULT 
COMM> SET MODE 
COMM> SET PARITY 
C011?vl> SET SNITS 
CONIM> SHOW ALL 
COMM> SHOW STATUS 
COMM>START 
COMM>STOP 
COPY 
CREATE 
DEFAULT 
DELETE FILE 

DELETE MODE 
DELETE VARIABLE 
DIAGNOSTIC 
DIAG> DOGCHECK 
DIRECTORY 
DISMOUNT 
EDIT 
HELP 
HOLD 
INITIALIZE 
INSERT 
KCPROC 
LIST BREAK 
LIST PARAMETER 
LIST PROGRAM 
LIST SYSTEM 
LIST VARIABLES 
LIST data_ type 
LOAD ALL 
LOAD PROGRAM 
LOAD VARIABLES 
:MIRROR PROG 
:MIRROR VAR 
MOUNT 

· MOVE TO 
PAUSE 
PRINT 
RECORD 
RENAME FILE 

RENAME VARIABLE 
RENAME VARIABLES 
RESET 
RESUME 
RUN 
SAVE 
SET BREAK 
SET CLICK 
SETPARAf.AETER 
SET PORT 
SET STORAGE 
SET VARIABLE 
SHOW CLOCK 
SHOW MEMORY 
SHOWVARIABLE 
SIMULATE 
SKIP 
SLOAD 
SSAVE 
STATUS 
TRANSLATE 
TYPE 
UNSilvfULA TE 
UTILITY 
UTIL> MASTER 
UTIL> SINITIALIZE 
VAR 
WAJ.T . 
WHERE 

This example illustrates the basic structure of a KAREL program 

PROGRAM mover - program statement 
VAR -variable declarations 

destination : POSmON 
CONST --constant declarations 

num _ of_parts = 10 
BEGIN. -executable section 

$MOTYPE = LINEAR 
FOR count = 1 TO num_ of _parts DO 

CLOSE HAND gripper 
OPEN HAND gripper 

END mover -end of executable section 

APPENDIX (B) 

original : POSffiON 
count : INTEGER 
gripper= 1 
-routine declarations could go here 
$SPEED = 200.0 
OPEN HAND gripper 

MOVE TO original 
MOVE TO ·destination 

ENDFOR 

The FANUC E-_310 General Description 

The FANUC robot model E-310 mechanical unit is a cylindrical axis robot with ma"<imwn of five controlled axis (two 
axis are options). 

. D.O.F: 4 

Max. Load Capacity: 14 Kg (for main three axis) 
Max. speed: 1500 mm/Sec~ 
Gripping Force: Pneumatic 
Drive systems: AC synchro sezvo motors ( 100 vac) 
Applications: Pick-and~place and elecw-c assembly. 
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Many firms view environmental compliance as a list of additional system co~ suggesting that profitability is hurt 
by the higher production cost of environmental management initiatives. However, evidence links strong 

· environmental performance to lower production costs when implementing a proper management methodology. 
This paper presents an integrated 3-dimensional Model that sets the basics of an efficient environmental consci 1 1.tS 

production management syste~ which we call (IECPM). 
The 3-dimensions are value, Assessment. and Decision Support systems. Those sub-systems are combined to reach 
out beyond conventional.PCM approaches. . 
The IECPM system encompasses a model in which life cycle cost represents the value dimensions. Environmental 
impact assessment represents _the assessment dimension and finally a designed prototype Expert system 
accommodating a diversified range of measuring criteri~ represents the third dimension - the Information and 
Decision Support System. 

KEYWORDS 

Environmental Management System, Life cycle cost. Environmental Impact Assessment. Expert System. 

1. INTRODUCTION 

A basi~ societal requirement is being placed on industry to demonstrate environmental responsibility to customers, 
legislators, employees, shareholders, investors. and pressure groups. 
A Company can demonstrate this responsibility by adopting an Environmental Management System (EMS) which 
improves operating efficiencies through implementing cleaner technology and green production approaches. 
An EMS must take account of environmental factors. through a planned, structured management process. It requires 
the integration of environmental criteria into each aspect of the .production tasks, in a similar manner to the usual 

. consideration of production management issues such as costs, quality, market acceptability, investment and timing. 
Better environmental management will lead to better environmental performance.. i.tlcreased efficiency. and a 
greater return on investment either through market (revenue), gains or cost savings. as illustrated in Figure (1). 
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Figure (1). Relationship Between Envirci\mental Manag~ment and a Firm's Perionnance. 



Examples of market (revenue) gains due to the implementation of an EMS in a firm are: 
• The creation of new products and technologies. or new markets. based on environmental friendly processes 
• Improved public image leads to higher acceptance and higher sales perfonnance . 
• Environmental information and consulting improves client relations 

Example~ of cost savings are: 
• Better control of raw materials and energy, leading to a reduction in energy consumption 
• Improvements in the manufacturing process, leading to minimized waste and lower costs 
• Reductions in transport, storage and packing costs 
• Avoidance of the heavy costs associated with environmental damage. and the cost of clean-up operations. 

During the last. two decades, increasing awareness has arisen of the importance of environmental management, 
indicating that environmental perfonnance will increasingly become a critical factor to affecting the success of a 
firm [1.2). Many firms respond by adopting more conscious behavior towards the environment by installing 
environmentally responsible seiVices and processes [3,4). Moreover, production managers state environmental 
goals and incorporate them with strategic and tactical plans of their firm (5]. 
Environmental management affects also the executive level as it involves the choice of products and process 
technology (6]. Every firm now tries to minimize the negative impact of its products throughout its life cycle [7]. 
All strategies either in top management level or middle management depends on continuous improvement efforts to 
reduce waste and energy use (8]. Thus, there is an intricate relationship between environment and economics and 
many managers' view the situation as compliance with regulations involving trade off between environmental and 
economic performance (9). 
Toe integration between environment and economics aims to achieve sustainable development. so as to align core 
economic strategies with environmental goals. 
Awareness of the importance of such an integration lead industrial and non-industrial communities to introduce 
environmental policies designed to work together with economic policies. 
Thus. standards like the BS 7750, ISO 14001 series evolved which introduced a procedural approach to Implement 
an environmental production management systems. 
As a continuation to the foregoing efforts, the objective of this paper is to apply system engineering approaches to 
the design of an effective Integrated Environmentally Conscious Production Management System (IECPM). 
A proposed 3-dimensional architecture to develop the system is introduced. The value addressing the system is 
reviewed. then an analysis will be carried out for the life cycle cost technique. Means for Environmental Impact 
Assessment (EIA) approach. as the second dimension of the system, will be presented with a comprehensive 
assessment technique constituting a vast number of environmental criteria. 
The third dimension of the IECPM system is devoted to a decision support system platform. Such a DSS 
constitutes a prototype knowledge-based expert system to assess the impacts of industrial projects. A relational 
database interface for the selection of cleaner technology constitutes a second essential part of the foregoing 
decision-support system. · 

2. IECPMS - SYSTEM MODEL 

As stated. . the IECPM system is constructed using a 3-dimensional methodology, comprising system valuation. 
system ~essment, and the systemDSS. Consequently, the IECPM is modeled within 3-dimensional sub-systems 
demonstrating the aforementioned architecture. They are; life cycle cost. environmental Impact assessment (EIA). 
and knowledge based expert system for EIA. 
Life cycle cost , offers an effective market value as a means to define the economic factor due to implementing an 
environmenJal system. Life cycle analysis presents many stages in the product development. all of which have an 
impact on the environment whether positive or negative. These impacts are to be assessed in the second sub-system 
dimension by means of an Environmental Impact Assessment procedure (EIA). 
In order to carry out an EIA, the aid of decision-support systems is required to take all various factors into 
consideration. a task which would prove annoying if otherwise handled. Going a step further. the highly esteemed 
knowledge of experts working in this field is the base of a computer system which aids different parties to make 
decisions upon the ,findings of the EIA of a project which is identified as a score by this expert system. Toe design 
and development of a prototype expert system to assess the environmental impact of firm activities is addressed. 
~e aforementioned IECPMS configuration is depicted in figme (2). 

3. LIFE CYCLE COST 

.. Life cycle" of a-product is the physical life - rather than the business life cycle- described by the stages a product 
undergoes. Life cycle analysis is an environmental management technique. which has been applied for two decades. 
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but has been the focus of intense interest since 1990. It is an attempt to atttibute all the environmental impacts in the 
life cycle of a marketable product . 

Environmental Impact 
Assessment {EIA) 

Knowledge 
Based 
Expert System 

Life cycle cost 

IEC.PM 
System 
Model 

Assessment 
Value 

Decision Support 
system 

IECPM 
System · 

Methodology 

Figure (2). Proposed Architecture for the IECPMS model 

According to the life cycle approach (LCA), and as shown in figure (3), any product may have the following stages 
in its life cycle. 
• Raw material acquisition 
• B.ullc material processing 
• Engineered and specialty materials production Manufacture 
• Manufacturing and assembly ...---.-. and Assembly i-------. 
• Use and service 
• Retirement 
• Disposal 

Bulle Processing 

Engineered and 
specialty 
materials 

The earth and 
biosphere 

Figure (3). Conceptual model of the Life Cycle Analysis 

Use and service 

Treatment Disposal 

Retiremel 

At every stage there can be material. energy and labor inputs. There may be waste that is treated or untreated before 
disposal. Wastes and retired materials may be · re-used. re-manufactured or re-cycled. However, all of these 
consume energy and geD:erally suffer some degradation of material. · 
Our interest is to evaluate the life cycle of a product from an economic perspective, by setting a model which takes 
into consideration the cost of each stage previously mentioned and presenting a cost estimate. in result · 
The life cycle cost analysis needs to be based on a definition of system operational requirements and a definition of 
the maintenance concept illustrating major life cycle activities. 
When accomplishing a life cycle cost analysis~ the analyst must develop a cost breakdown structure ( i.e. cost tree) 
showing the numerous categories that are combined to provide the total cost. 
Figure ( 4) illustrates a cost breakdown tree , where costs can be accumulated at different levels depending on the 
areas of interest and the depth of detail required. 
The cost tree is broadly categorized from the total . system ( C) to Research and development ( CR ) , Investment 
( C1) and Operations and maintenance ( Co ) . · 
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Research and Development ( Ca) . 

Program Management (CRPM) 

Advanced R & D ( CRD ) . 

Engineering Design ( CRE ) 

Engineering Development & Test 
(CRT) . 

Engineering Data ( CRo ) 

TOTAL SYSTEM COST ( C) 

. Investment Cost ( C1) . 

Manufacturing ( CIM ) 

Construction ( C1c ) 
Manufacturing 
Facilities 
( CIMF) 

Test Facilities ( Cm-) _ 
Operational Facilities 
( CroF) 
Maintenance Facilities 
( CIMF) 

Initial Logistic 
.. Support ( Crr. ) 

Operations and Maintenance ( Co) 

Operations ( Coo) 

Maintenance ( CoM) . 

System Equipment Modification 
( CoN) 

System Phase-Out & Disposal 
( Coo) 

Figure (4). Life Cycle Cost breakdown - highly simplified. 

Consequently, total System Cost ( C ) = [ CR + C, + Co ] includes all costs associated with the acquisition , 
utilization. and subsequent disposal of system equipment 
In an attempt to evaluate the "cost'' of an environmentally sustainable system. all functions leading to "cleaner 
production. waste minimization. waste reduction , and pollution prevention. are summed up concluding to the 
economy of implementing an IECPM system. 

4. ENVIRONMENTAL IMPACT ASSESSMENT 

Environmental impact assessment (EIA) emerged as a response to the concerns expressed by the environmental 
movements of the 1960's about the serious effects of human activities, especially pollution by industries, with 
which existing regulations and pollution ·control measures could not adequately cope. Most definitions ofEIA 
portray . it primarily as a tool for predicting, assessing, estimating and communicating the environmental effects of 
proposed policies, plans of a production system. Whereas developing countries have focused mainly on EIA as a 

· tool for environmental analysis of development_ projects. 
In the proposed IECPM system, the activities of EIA are best descri~by the flow chart depicted in figure (5). 
EIA activities could be categorized into preliminary activities, study, detailed study and post- study activities. 
Preliminary activities' stages include Screening in which criteria are used to decide which projects or technology 
should be subject to environmental assessment Criteria used include technology outputs, size of project and 
sensitivity of the environment Scoping is the process, which defines the key issues that should be included in the 
environmental assessment The preliminary assessment includes firm description. actions, identification and 
evaluation of impacts. The review stage is undertaken by a government agency , or an independent review panel, 
which guides the study then. advises the decision-makers. 
The study stages include preparation of terms of reference. then a detailed environmental impact statement is 
prepared (EIS ). EIS is the scientific , and objective analysis of the scale. significance and importance of impacts 
identified. · 
The impacts of the manufacruring and processing industry could be measured against the checklist outlined by the 
world Bank Code. which ha_s been divided into four sectors , as illusaated in Table (1). 
Post-study activities include review, and public hearing to ensure public participation in the decision-making 
process. Based on EIS findings and previous stages a decision is taken then approval of the project is released and 
monitoring _and auditing plans follow. 
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Screening Preliminary 
Scoping activities 

Review 

Decision 

Preparation of EIA Study 
terms of reference 

Detailed EIA 
Study 

Decision 
Post-Study 

Licensing .. activities 

Figure (5). Steps for an EIA Procedure. 

Table (1). A Brief List of Impacts Of Manufacturing And Processing Industries 

Production Environmental Resources Socio- economic Factors Ret?Ulatory Framework · 
• Liquid effluents • Geology • Nearby Communities • Environmental laws 
• Operations safety • Oceanography • Land Use • Designation and 
• Air Emissions • Biological • Cultural protection of special 
• Waste Discharge • Climate areas 
• Material loss • Authority to apply 
• Energy Consumption special mitigation 

• Water Consumption 

S. DECISION SUPPORT AND KNOWLEDGE-BASED EXPERT SYSTEM 

The third dimension of the suggested IECPMS model is a decision support and lmowledge-based expert system. 
Such a platform plays the role of infonnation system which is essential for providing necessacy data and expertise 
for environmental decision making. The system platform comprises two basic parts, a relational data base for 
cleaner technology selection and a !mow/edge-based expert system for EIA studies. Only the second ·sub-system· 
~ be discussed in this paper. 

5.1. Structure of an EIA Knowledge-Based Expert System 
Weighing the various impacts of an industrial film requires the availability of infonnation as well as the ability of 
judging the level of negative impact of discharges of a plant to the environment Such judgment is mainly based on 
e.-q,erience acquired over many years. Gaining this experience Gan be difficult because of the time and wide range 
of knowledge involved. TI1e problem faced in. conducting an EIA is the many impacts introduced by industry and 
the detailed regulatory standards and legislative acts as well as the complexity of judging how bad a certain 
discharge is affecting the surrounding environment. TI1us the assessment of the environmental impact of an 
industrial plant is best managed by an expert system approach. 
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The expert system is able to provide, as a resul~ a score on a scale from Oto 10. The figures O and IO are not to be 
used, as there might always be a -condition worse or better than the conditions rated at hand. 
A score 8 . or 9 indicates a high negative sensitivity of the environment. while ratings of 1 and 2 express excellent 
condition, low negative sensitivity of the environment Table (2) illustrates a sample result list of the EIA expert 
system. 

Table (2 ). A sample result list of the expert system consulting session 

Environmental Impact · Environmental Sensitivitv 
Water pollutants_ 
Plant sub-systems 
Particles emissions to the atmosphere 
Plant location · 
Gaseous emissions 
Solid wastes 
Noise level inside the plant 
Plant units operating conditions 
Liquid effluents 
Ground water contamination 
Waste water treatment system 
Safetv & health examination programs 

9/10 
9/10 
8/10 
7/10 
4/10 
7/10 
6/10 
6/10 
5/10 
5/10 
1/10 
1/10 

The development of the proposed expert system comprises the following steps: 
Step 1: knowledge acquisition [most crucial & most time consuming] 
Step 2: implementation of the domain knowledge 
Step 3 :· system verification 
Step 4: system validation 

The software used in building the prototype expert system in IECPM is Xpsys 1>. This shell is easy to leam and 
considerable-programming effort is avoided since the shell has a user interface7 an inference engine, a knowledge . 
acquisition facility and an explanation facility. Figure (7) shows the system structure and development procedure. 

5.1.1. Knowledge Acquisition : 
Knowledge has been obtained from an expert in the field of environmental management and chemists who provided 
the schematic of different decision trees. site location. determination tree, waste disposal tree. pollution tree. all 
contributing to the identification, px:edication and evaluation of the environmental impacts of a production system . 
. Within interviews and sessions detailed knowledge including operational knowledge and procedural knowledge 
was extracted. .Rules were formed in terms of If-Then. derived from decision trees. 

5.1.2. System Implementation: 
Based on the knowledge obtained, analysis and constructing of the knowledge was carried out Decisions trees were 
drawn to represent the reasoning followed in each tree and branch. 
Each tree concludes to the confidence level of the plant in terms of environmental sensitivity. 

. -The shell follows backward reasoning. The goal states is well defined by the 8 choices an<;t the infonnation leading 
to start state is acquired from the user, who feeds the answers of the qualifiers. The rules thus follow a backward 
chaining, while the system currently includes 136 rules. An example system rule is illustrated next 
Example: Rule number 4: 

IF: 
Selected Plant Site Lies in Industrial Zone 

And Industrial-Site is Near Sow-ce of Raw Material 
And Industrial Site is Near= Transportation Means 
And Industrial Site is FarFrom _ Labor Residential Areas 
And Industrial Site is Far_Product Shipping SeIVices & Market 
THEN: 

The PLANT LOCATION is Environmental Sensitive - Confidence=3/10 

5.1.3. System Verification: 
The decision trees are an effective type of diagram presentation because they enable visualization of all the factors 
that must be considered in reaching a decision. they also allow an expert or user to see how consideration of one 
aspect leads to other. and so on. Verification is carried out by experts who reviewed the decision trees for 
representing the lmowledge and experience. and also by reviewing the rules generated from these trees. 
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Figure (7). Expert System Structure and Development Procedure 

5.1.4. System Validation: 
Validation helps to speed up the construction of the· expert system. It also helps to obtain additional useful insighi 
and ensures that no misrepresentation of facts occur. The expert system is concluded by this step which compares 
the results from the expert system with those from tbe human expert. 
Another significant . characteristic of the proposed expert system is its explanation facility, the "HOW AND WHY" 
which involves explaining nodes lower in the tree and backing to previous stages simultaneously. Such a facility 
grants a friendly interface between the system and user, as well as credibility. 

6. SUMMARY AND CONCLUSION: 

An integrated environmental production management IECPM system has been proposed in this paper which is· 
structured using· a 3-dimensional methodology comprising, Value, Assessment, and a decision-support platform. 
The methodology have been deduced to a 3D model that includes a Life cycle cost, Environmental impact 
assessmenl and a prototype Expert system. Life cycle cost analysis is a highly recognized method of analyzing all 
th~ · stages a product undergoes. In this paper it has been used as a basis from which all environmental induced costs 
could be measured and . estimated. The impact of the firm activities on the environment is also defined. Both 
dimensions are required to reach a sustainable environmental decision. 
In order to take all the diverse criteria into consideration. and due to the main dependence on experience in this 
mater~· a prototype expert system has been constructed to enable the decision makers to rate projects and/or 
technologies. and decide on the suitable managerial course of action. 
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. ATTACKER'S ADVANTAGE: WHY DO ID-TECH COMPANIES 
STRIVE TO BE THE FIRST? 

ABSTRACT 

. Alan S. Khade, Ph.D. 
. School of Business Administration 
California State University, Stanislaus 

Consumers today don't always know what they want except that the product needs to be superior. In order for . 
companies to stay ahead of competition and still be successful, they must possess the know-how and know when 
advancements in current products or the development of new products are necessary. Management of the 
"technological health" of a corporation may provide an effective early warning system that companies may be 
losing their competitive edge. 

Attacker's advantage, or first mover's advantage, focuses on the need for a company to pursue constant innovation 
in order to remain ahead of competition. The S-curve demonstrates how technology develops -- slowly at first, 
then rapidly, then slowly again as it approaches inevitable limits (Foster, 1986). At some point along this curve 
companies need to determine when to turn their backs on past successes and look to future successes. The first 
mover advantage encompasses a large array of items: cost and differentiation, the factors that drive cost and 
differentiation, the strategic types that characterize first movers and their followers, resource availability, timing, 
·the environment surrounding a firm, the marketability of that firm's product, and the competition that faces first 
movers. These items will each be discusses in greater detail throughout the remainder of this paper. 

INTRODUCTION 
The concepts of performance and innovation and factors necessary to promote innovation are directly related to 
emerging technologies (Luh, 1996). There are five levels at which companies can innovate based on newness and 
wealth generations: profitless, incremental, substantial, transformational, and everybody's dream. Foster (1986) 

· also discusses how technology like the S-curve should be used as tools for the first mover. 

S-curve technology is discussed as a forecasting tool in Foster's book "Innovation: The Attacker's Advantage." 
The curve simply illustrates that at some point technology will top off with diminishing returns .. The graph 
illustrates the relationship between the effort put into improving a product or process and the results one gets back 
for that investment (Foster, 1986). The infancy,. growth, and maturity of technological progress are all represented 
in the shape of the S-curve. In the initial stage, large amounts of funds ar~ put into development, then key 
knowledge is in place which results in growth. During the last stages of maturity it becomes more and more 
difficult and expensive to make t~hnical progress. 

The technologies referred to by S-curves are both competency enhancing and competency destroying. Competency 
enhancing technologies are those which build off of existing technologies. Competency destroying technologies . 
wipe out previous technology and create the discontinuity in the S-curves (Luh, 1996)~ As previously discussed, 
companies need to predict or forecast and be the ones that effectively use competency destroying technologies. One 
of the ways. to accomplish competency destroying technologies is through "LEAPing." LEAP stands for 
Leadership, Environment, Aspiration, and Processes, which promote creativity and integration within an 
organiz.ation. The creative process includes a long process of research and defining things in a broader context. 
By accomplishing creativity, integration and innovativeness companies can become a hybrid organization. These 
organizations integrate the operating and innovating internally and instail a balance of power and the drives of the 
business (Luh, 1996). . 

The first mover receives cost and differentiation advantages drive by ec~nomic preemption, technological and 
behavioral factors. A first mover is an organization which is first to employ a particular strategy within a context 
of a specified scope (Lieberman and Montgomery, 1988). · A first mover can be classified as a prospector, an early 
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follower is classified to be an analyzer, and a later entrant usually is referred to as a defender. The latter two are 
categorized in terms of market· entry which tends to be after the market is proved viable. A first mover needs to 
possess financial and non:financial resources to consider the timing of market entry, and to determine how the 
changing environment will atfect its decisions. The first mover must also consider the marketability of the ne~ 
product or process, and when the first mover can predict the entrance of competition into the marketplace. The 
first mover must find the best ways to hinder competitions entrance to keep them from gaining any advantages. 

FIRST MOVER ADVANTAGES 
A firm can achieve first mover status by producing a new product, using a new process, or entering a new market. 
A key characteristic to capturing the first mover's competitive advantage is to initiate innovation in the 

. organiz.ation and establish uniqueness through differentiation. The relationship of innovation and competitive 
advantage is shaped by four factors: imitatability~ sensitivity to the market, timing, and the capabilities needed to 
exploit innovation (Legnick-Hall, 1992) . . · A firm has gained an advantage if its strategy is hard to imitate. Being 
sensitive to what buyers in the market actually want will contribute to an organization's competitive advantage, 
and proper timing will make the firm more economically effective in its. environment. The finn must also be 
structured to implement jnnovation. The structure must include hµ1ovative outlets such as: the research and 
development department, internal ventures, external joint ventures, and the willingness to make acquisitions. It 
also should be understood that not all firms will benefit from being an attacker because an attacker requires 
expertise, resources, creativity to exploit the opportunities of pioneering, and the interaction between attackers and 
later competitors (Kerin, Varadarajan and Peterson, 1992). Usually, the first mover can achieve developmental 
seniority regarding size through economies of scale (Porter, .1980). It is believed that _the first to enter the market 
with a specific product or service are able to accrue long-tenn competitive advantages. There is a direct correlation 
with the market share and order of entry into the market (Urban and Star, 1991). On average, first movers have 
the highest market-share, while early followers have a higher market share than late entrants. Therefore, the 
market encourages an· attacker's status (Miller, Gartner and Wilson," 1989). 

COST AND DIFFERENTIATION 
Costs and differentiation advantages require three conditions in market pioneering. These are the customer 
perception of a consistent difference in important attributes between the first mover'~ product and those of later 
entrants. The terms of buying criteria and purchasing power should be a direct result of the capability gap. The 
advantages must be durable when faced by time, which eventually will erode them. First movers are able to define 
the competitive rules in their domain by creating cost or differentiation advantages (Porter, 1985). The factors in 
achieving this are in having differences in attributes~ holding capability gaps and barriers with competitors, and 
having d1:Jf3ble competitive ~dvantages. The first mover is likely to gain such advantages as: economic, 
preemption,. technological, and behavioral advantages in each of the factors (Kerin, Varadarajan and Peterson, 
1992). These first movers will have the backing of their experience and will be able_to enter and hold the market 
at a larger scale to that of competitors,· thus resulting in· temporal barriers to entry. · 

CONSISTENT DiFFERENCES IN ATTRIBUTES 
Attackers have the ability to set the standards in which all later entrants must follow (Alpert, 1987; Howard, 1989). 
Examples of differences in attributes that have set the standard are Federal Express in its overnight mail delivery 
(service strategy in a market segment), Ford in the mass production of automobiles (process strategy in an 
indusuy), and Xerox in its instant document copying (product and processing strategy in a global context). These 
· give the unique strategies of differentiation and the competitive environments in which they reside (Patterson, 
~~i . 

CAPABILITY GAPS AND BARRIERS 
A first mover organi7.ation creates barriers to market entry. These take the form of atemporal, singular, and 
temporal (Patterson, 1993). Atemporal barriers can be utilized by any organization in the industry, an example of 
this-is advertisement. A singular barrier has only a one-time benefit. Preemption and differentiation are 
responsible for singular temporal barriers. These include gaining control of raw materials, developing _proprietary 
technology, acquiring the most optimal business locations, building a·reputation for success, and pioneering a 
distinctive brand name (Patterson, 1993). Temporal barriers to en1:JY act as a shield that protects the attacker from 
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follower competition. A product with consumer brand preferences resulting from being the first recognimble 
product in the market acts as a temporal barrier. Temporal barriers are the most effective in preserving the first 
mover's advantage over the life of$e organimtion. They act as a control that slows the rate of new entrance into 
the market and delays competitors in using niches for a base of competition. A first mover strategy that is well 
planned denies others the niche strategy and/or the ability to compete head-to head with the first mover (Patterson, 
1983). Lambkin (1988) ha~ adopted the belief that first movership results in enduring benefits. She has stated 
that pioneers can expect to outperform competitors that are early followers and late entrants in the market (Coyne, 
1986; Kerin, Mahajan and Vara~jan, 1990). 

DURABILITY OF COMPETITIVE ADVANTAGE 
Durable competitive advantages are those which possess longevity. There are many factors that contribute to the 
durability of the attacker's competitive advantages. Experience and organimtional learning give the organi.zation 
a temporal advantage by gaining knowledge that takes time to acquire. This occurs when organimtional members 
become receptacles of information and share the information with other organimtional members. Organizational 
learning acts as -a control to detect and correct errors in theories that are in use, and uses tools such as causal maps 
to determine what methods are successful and unsuccessful (Argyris and Schon, 1978). ·The acquisition of first 
mover's experience in their imjustry results in an expertise by developing the most advanced insights; associations, 
and causal maps within the industry (Patterson, 1993). This is a durable competitive advantage that is difficult for 
competitors to simulate. 

INFLUENTIAL FACTORS 

Economic 
First movers are generally more successful than followers. First mover advantages can be attributed to factors such 
as: greater economies of scale, more extensive experiential. learning, and clearer access to strategic opportunities 
(Glazer, 1985). The economic advantages result through the scale and experience ·economies, and marketing cost 
asymmetries. Economies of scale result through preemptive capacity investments. The first mover may gain scale 
dependent cost advantages over later entrants. The first mover firm may streamline the production process for 
lower costs to deter later entrants from attempting to enter at a large scale that would.prove unprofitable (Robinson 

. and Fornell, 1985). The first mover will also receive costs advantage benefits through the length of time it takes 
for later entrants to enter the market (von Rippel, 1984 ). The scope of economies will prove as an advantage 
through the degree of interrelatedness between the first mover's new business venture and the other businesses in 
its portfolio (Mitchell, 1991 ). Marketing cost asymmetries are the results of the costs of advertisement. When the 
attacker begins with a monopoly on the market, the messages of advertisements are dearly in the attacker's 
advantage, but when later entrants begin to advertise to gain the first mover's market share, the first mover must 
attempt to retain it through advertising. Thus, the first mover will spend a lower percent in advertisement as 
compared with competitors (Comanor and Wilson, 1974). The first mover~ also gain the most optimal 
minimum efficient scale to the size of the market. The minimum efficient scale is the smallest volume for which 
unit-costs are minimized (Oster, 1990). Once this is achieved, this will pose as an entry barrier for later entrants 
who are seeking to enter the marketplace. · 

~emption . 
Preemptive behavior has an indirect inverse effect on demand uncertainty. Demand uncertainty can make it 
difficult to gain contracts with suppliers for factors of inputs. These uncertainties can be all but nullified through 
preemptive investments (Gal-Or, 1985). Preemption advantages can provide absolute cost advantages or . 
differentiation advantages. Aspects such as procurement contracts that ensure supply at a lower cost to that of later 
entrants result in cost advantages, while preemption of geographic space and market channels creates 
differentiation advantages (Kerin, Varadarajan and Peterson, 1992). In cqst asymmetries, if the first mover has 
superior information, it can acquire equipment at prices less than later entrants (Lieberman and Montgomery, 
1988). Also, spatial preemption is a differentiation advantage which selects the most attractive niches in terms of 
location, product characteristic space, market intermediaries, and the most profitable marketing segments. Product 
characteristics amplify the spatial aspect due to the technical complexity of the product, the bulk of the product, 
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and the requirement of complementary products. Also, bringing a product category rather than a single product to 
market can magnify preemptive advantages through minimizing shelf space for later entrants. 

Technological , .. 
Technological factors will benefit an organization as an attacker in relation to product, process, and organizational 
innovations. The product and process innovations for the first mover enhances perfonnance, creates consumer 
switching costs, and lowers the cost of a product (Kerin, Varadarajan and Peterson, 1992). Organizational 
innovations in systems and structures will be a source of sustainable competitive advantage. Productivity 
improvements, differentiation, and creativity are results of the use of the technological factors. A firm can benefit 
as an attacker through its technology if the technology is embedded in the process and i's clifficult to transfer. This 
will ward off potential competitors. This .does not give the first mover complete protection in that replacement 

· technologies may be substituted for past products (Liebennan arid Montgomery, 1988). Therefore, keeping 
innovative and creative through incremental and radical changes will aid the first mover in keeping its leadership 
·role in the industry. · 

TIMING . 
When products and brands continually enter and exit the marketplace, market shares of individual brands are 
bound to fluctuate (Kerin, Varadarajan and Peterson, 1992). A single point in time is a critical factor in the 
business world. At the niicro level, time management is imperative for success. At the macro level, strategic 
management should consider ways for the first to become time-efficient in dealing with a changing environment 
(Stalk, 1988). Opportunity is waiting to be grabbed not only in national boundaries but also to intensely 
competitive international and global arenas. 

Many activities of an organization fall under "deadlines" because managers realize that opportunity presents itself 
within a time-dependent window (Frohman, 1982). Therefore, those who are first through the window tend to reap 
the reward offered in that area. In the same fashion, the foregoing logic suggests a distribution of benefit streams 
ranging from large for the first mover, intermediate for early followers, •and small for late followers (Patterson, 
1993). The first mover advantage begins to decrease as time passes and followers enter the marketplace. An 
organization can preserve its benefits in the time dimension by developing strategic barriers (Patterson, 1993). 
Strategic barriers or entry barriers lengthen the lead-time between a firm's head start and response by followers. 
This lead time allegedly'enables first movers to benefit in two ways (von Hipple, 1984): 

1. When there is no competition, the first ·mover is by d:efinition a monopolist, and may use this 
position to gait) higher profits than would be possible in a competitive marketplace and/or 

. increase the size of the total market. 
2. After competitors enter the marketplace, the first mover has established market position and 

.learning curve economies, which may allow it to retain a dominant market share and higher 
margins than imitators. · 

ENVIRONMENT 
Timing is directly affected by changes in the environment. · Changes such as those in technology and/or customer 
needs often give firms an opportunity to be a first mover (Lieberman and Montgomery, 1990). Favorable 
environmental trends create windows of opportunity for firms that have "marketing pre-science". that encourage 
product or process innovation or spur market demand (Melville, 1987). The results of efforts to convert favorable 
trends into commercially successful ventures depend on a host of external and internal variables, some of which 
are con~ollable and others uncontrollable by the firm, as well as the timing of such efforts (Kerin, Varadarajan and 
Peterson, 1992). 

The fit between environmental attractiveness and resources - including organizational skills, suggests two 
implications (Kerin, Varadarajan and Peterson, 1992): 

24 



1. The greater the degree of fit between the organizational skills and resources necessary to 
capitalize on environmental opportunity and the skills and resources possessed by a firm, then 
the greater the firm's sustainable competitive advantage. 

2. . The-greater the degree.of fit between organizational skills and resources necessary to achieve 
sustainable competitive advantages through market pioneering and the skills and resources 
possessed by a firm that chooses to be a market prospector, the greater the order of entry-related 
competitive advantages of the first mover. 

Being a first mover can produce dominant and enduring market share provided that a firm ( 1) identifies a 
favorable environment trend, (2) capitalizes on its distinctive competencies and resources to achieve positional 
advantages that are not easily imitated or surpassed by later entrants, and (3) leverages product-market 
contingencies to its benefit (Kerin, Varadarajan and Peterson, 1992). · 

CONCLUSION 
The emphasis throughout this paper has been placed on the first mover's advantages. A first mover has the 
opportunities available to achieve cost and differentiation advantages, which are supported by economic, 
preeµiption, technological, and behavior factors. A company will be a successful first mover if they are able to 
determine their strategic type -- be it a prospector, analyzer, or defender; to have access to resources - both 
financial and nonfinancial; to take into consideration the proper time to enter the market with a new product 
and to be able to protect that product from competitors; to look at the enviro~ental changes that are not only 
in the present but the future as well; to carefully research the marketability of their product; and finally, to 
make aware all potential angles .that the competition may try to enter the market with. Aside form these 
fundamentals, first movers can use tools like the S-cutve in order to predict or forecast future troubles or 
opportunities. The first mover must always be aware that someone may be walking directly behind them in 
order to be the next first mover. It is important that barrier$ to entry are properly installed and that the first 
mover continually create and innovate to stay ahead in their industry. They must not forget that they cannot 
be the first movers every time but they can still remain the industry leaders. 
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THE EFFECTIVENESS OF HUMOR IN ADVERTISING 

ABSTRACT 

Kaylene C. Williams 
California· State University, Stanislaus 

According to Video Storybook Tests' annual survey of America's favorite commercials (1996), commercials with 
humor ranked number one in winner ads. Obviously, television is well suited to the use of humor. Howeve(~ other 
examples of humor in advertising may not be so effective. This article examines the effectiveness of humor in 
advertising through the following topics: (1) what is humor, (2) the use of humor in advertising, (3) why 
humorous ads are used, (4) what contributes to a successful humorous ad, and (5) what diminishes a humorous ad. 

INTRODUCTION 

The use of humorous appeals is widespread in advertising. However, there is controversy with regard to the impact 
of humorous appeals. The purpose of this paper is to examine the effectiveness of humor in advertising by defining 
what is humor and examining how extensively humor is used in advertising. Then, the benefits ofusing humorous 
appeals will be presented as well as the do' s and don 'ts for increasing the effectiveness of humorous appeals. 

WHAT IS HUMOR 

According to Webster (1993, p. 498), humor is: 
"That quality of the imagination which gives to ideas wild or fantastic turn, and tends to excite· 
laughter or mirth by ludicrous images or representations. Humor is less poignant and. brilliant 
than wit; hence it is always agreeable. Wit, directed against folly, often offends by its severity; 
humor makes a man ashamed of his follies, without exciting his resentment. Humor may be 
employed solely to raise mirth and render conversation pleasant, or it may contain a delicate 
kind of satire." 

In general, humor is in the mind of the beholder. What is humorous or funny to one individual may not be 
humorous or funny to another individual. Humor also seems to require intelligence to decipher the use of humor. 
That is, humor appears to be a more effective tool to use with individuals of higher intelligence and education as a 
fairly sophisticated level of comprehension is required (Berkman, 1997). But regardless of individual differences 
and intelligence, what makes something funny? 

"In face-to-face interactions, use and reception of humor depends on multiple situated complexities. No single 
study can adequately capture the rich permutations possible in such complex environments" (Sev'er and Ungar, 
1997). One aspect of humor is incongruity or deviation from expectations. Some argue that incongruity is a 
necessary and sufficient condition to produce humor (Suls, 1983). That is, humor often includes a tum of events; a 
turn of meaning or definition, a tum of expectation, a tum from the normal, a tum from rationality. For example, 
Gracie Allen turning the meaning of George Bums' words, someone sitting backwards on a horse, or Lucille Ball 
or Jim Carrey turning to the ludicrous. Nerhardt (1970) found that the greater the unexpected deviation from 
normally expected· outco~es, the greater the humor. 

Humor also can result "when incongruity is rc;solved; that is, the punch line is seen to make sense at some level 
with the earlier information in the joke" (Suls, 1983, 42). As such, humor is a form of problem solving wherein 
non-resolution leaves the listeners confused or frustrated because they do not "get" ·the joke. A humorous response 
based on incongruity resolution depends on (1) rigid resolution of the incongruity, (2) a playful and non"'.serious 
context, and (3) an appropriate mood for the listener (Suls, 1982). Suls (1983) concludes that incongruity and 
incongruity-resolution are styles of humor with the latter predominating, especially for verbal humor. 

27 



The linguistic theory of humor posits that a verbal or written communication is considered a joke when the "text ... 
is compatible fully with two distinct scripts and the two scripts are opposite in certain definite ways such as good
bad, sex-no sex, or real-unreal" and the punch line "switches the listener from one script to another creating the 
joke" (Raskin, 1985, 34-35) The basic hypothesis is that the sudden realization of oppositeness quickly redu~~ the 
tension that the listener is feeling ancl decreases "arousal back to baseline," creating pleasure in the process. (Suls, 
1983, 44) 

Humor is universal, a part oflife. "Contemporary records in the Old Testament speak of laughing, joy and 
amusement (Fry, 1987, 8). "Humor is ... all pervasive; we don't know of any culture where people don't have a 
sense of humor, and in contemporary societies, it is found everywhere;.. in film, on television, in books and news
papers, in our conversations, and in graffiti." (Berger, 1987, 6) Both tr.aditional and more industrialized societies 

· have commonplace '1oking relationships" involving '~oking, teasing, banter, ridicule, insult, horseplay, usually, 
but not always, involving an audience" (Apte, 1983, 185). Primates have even been observed in joking behavior 
(Fry, 1987) . . Contrary behavior also is seen to be universally funny, i.e., incongruent, outrageous or deviant 
manifestations of personality and behavior (Apte, 1983). However, cultures do differ in the extent to which humor 
is accepted and apprecia~ed and in the nature of what qualifies as humor. (Alden, et al., 1993; Hanna, et al., 1984; 
Alden and Martin, 1995) For example, while Americans see little or no conflict between humor and serious 
communication, Japanese do see a conflict, i.e., when a person tells jokes or funny stories, the entire situation is to 
be taken lightly, and if a person is serious, the entire talk is taken seriously (Holden, 1989). On the other hand, 
Americans value and. enjoy humor in almost any setting, e.g:, salespeople n~ to know the latest joke, humorous 
ads win awards, and humor is an asset in one's personality. 

Humor can take many forms: puns, understatements, jokes, stories, songs or jingles, ludicrous situations, satire, 
irony, stereotypes, ridicule, insult, horseplay, quotes, rhetorical questions, amusement, entertainment, slap-stick, 
whim, fancy, comics, inside· information, jest, absurdity, novelty, something unexpected like kids and animals, 
farce, skits, web pages, newsletters, fooling around, teasing, merriment, tickling, making fun of something, 
spontaneity, banter, cleverness, etc. Obviously, humor can take a variety of forms and occur in differing situations. 
Humor can be pleasurable, good, and uplifting, or it can be hurtful, unconscious, and nonexistent. 

THE USE OF HUMOR IN ADVERTISING 

The use of humor in advertising is a controversial topic. Some humorous ads are very successful, while· others 
have dismal results. In general, however, marketers tend to believe that the acceptance and pervasiveness of their 
advertisi~gcommunications_will in~rease with humor. On the other hand, they do not want-theirprocluct or idea 
to be ridiculed or not taken seriously. "Funny TV ads make yo\1 laugh, all right. Think of Joe Isuzu~ the Energizer 
Bunny, Wendy's Clara (Where's the beef?) Peller. But do they make you buy any more than serious ones? Nope. 
A new study debunks the Buckster myth that funny commercials last longer in the minds of consumers than other 
spots. 'We've found that all ads wean out the same,' says Mark Gleason, Executive Vice President of Research 
Systems, an ad research firm in Evansville, Indiana. 'People might enjoy watching humorous ads, but it has done 
its stuff once you've comprehended the · message'." (Business Week, 1993) 

The use of humorous advertising appeals is widespread with anywhere from 24-50% of all television ads, and over 
30% of radio ads containing some form of humor (Cho, 1995; Weinberger and Spotts, 1989; Speck, 1991; Zhang, 
1996). The use of humor in other media is not as widespread or popular. Also, ·the use of humor varies across 
products and services advertised (Murphy; 1997). According to Keith Reinhard, CEO and Chairman of New York 
City ad agency DOB Needham, "CQnsumers are responding to more expressive values instead of status. They are 
responding to achievement.and rejection of authority; they want to associate with brands that recognize their 
individuality, they say, 'Let's have some fun and be -honest with each other'." Ten of the top 25 television 
commercials last year were occupied by ads featuring animals. Only four years ago, eight of the 25 spots were ads 
with celebrity spokespeople. A_ccording to the 1996 Video Storyboard Tests' annual survey of America's funniest 
commercials, winner ads in order were: · commercials with humor, commercials with children, product _demonstra
tions, real-life situations, and commercials with pets. Loser ads in order were: hidden-camera.tests, company 
CEOs, commercials with ~lebrities, brand comparisons, and musical commercials. Many marketers now build 

28 



campaigns around values that emphasi~ individuality and transforming a brand into an icon. (Robinson, 1997) 
In general, the use of humor in TV and radio is two to three times that of magazines (Weinberger, et al., 1995) 
Regarding the use of humor in sales _promotions, Communications Diversified Company creates customized 
comedy videotapes that can be used as premiums or sales incentives (Petersen, 1991 ). Infomercials also have 
turned to h'1fflor (Bird, 1992). Even a television netw~rk - Television Food Network - uses comedy to sell its 
viewership on watching the station and the shows, e.g., "Two Fat Ladies," "EmerilLagasse Live," etc. (Smillie, 
1997). Cliff Freeman, President of Cliff Freeman and Partners, known for campaigns for Little Ceasar's, and 
Cherry Coke, says, "The truth _is, _there is so little to say about a lot of products. So the marketing becomes about 
association, leaving people with a simple idea. And if you do humor well, people will love the brand" (Robinson, 
1997, 154). 

WHY HUMOROUS ADS ARE USED 

Humor is utilized widely in advertising. Hence, many studies have examined why ·humorous ads are used, that is, 
what benefits accrue from the use of humo~ous ads. The following is a composite list of these benefits: 
• Attention-Getting Device: Humor can be an effective attention-getting device (Sternthal and Craig, 1973; 

Madden and Weinberger, 1982; Weinberger and Campbell, 1991; Madden and Weinberger, 1984), People 
like to laugh, they like a good joke, an amusing story or situation. So, the use of humor can draw them into 
the ad. Basically, it cuts through the clutter as everyone "likes a good laugh." 

• Attention-Keeping Device: ·Humor also can keep the audience's attention. Individuals like to be appr(?priately 
entertained and amused. But, it must be done appropriately or it will lose or even alienate the audience. 
(Hoyer, 1997; Berkman, 1997) In particular, humor is most effective as an attention-keeping device when it is 
tied or related to the offering. · 

• Increases Liking of the Ad: Humor typically makes people feel good and when people feel good, they tend to 
like what makes them feel good. So, if an ad makes the· viewer feel good, then the viewer tends to like the ad. 
(Belch and Belch, 1984; Duncan and Nelson, 1985; Gelb and Pickett, 1983; Zhang, 1996) 

• Increases Liking of the Brand: Similarly, the humor is a positive reinforcer and its association with the brand 
would tend to make peopl_e have positive feelings and to like the brand. (Gelb and Pickett, 1986; Duncan and 
Nelson, 1986; Gelb and Zinkhan, 1986; Zhang, 1986) 

• Humor Appeals to the World: Humor appeals to individuals throughout the world. However, humor takes 
different forms for different groups. What is funny for one group may not be funny for another. For example, 
ads in Korea and Thailand tended to ·emphasize humor related to group behavior and unequal status relation
ships, while Germany and USA focused the humor on individuals with equal status. (Alden, et al.; 1993) 

• Does Not Harm Comprehension: Humorous appeals do not harm comprehension, and they may even aid 
comprehension. Some studies have found humorous content to increase comprehension of an ad but these 
studies are not conclusive . . (Weinberger and Gulas, 1992; Stewart and Furse, 1986; Zhang and Zinkhan, 
1990; Weinberger, et al., 1995) . · 

• May Increase Patronage: One_ study found that relevant humor increased patronage, but that humor not 
relevant to the object of the promotion had no impact or even a negative impact. (Weinberger and Gulas, 
1992) . . 

• Positively Distracts the Audience: Humorous ads may distract consumers from creating counter-arguements · 
w~ch in turn should increase persuasion. This effect is diminished or even lost if the humorous appeal is too 
complicated.or is not tied to the product. (Gardner, 1970) . 

• -Enhances Source Credibility: A previously unidentified source may be perceived to have greater attributes of 
character when the advertising appeal is humorous rather than a serious communication. The humorous 
approach is not necessarily more effective than a serious appeal. Human can be persuasive, but the effect is at 
best no greater than that of serious appeal$,. . . -. 

• Reinforces Arguments: Humorous ads seem to induce long-term support arguementation which may cause 
humorous ads to be superior to serious ads. Depending on the ad, however, recall of product uses and benefits 
may be significantly reduced. (Lammers, et al., 1985) 

• Reduces Irritation Toward Advertisi'ng in Consumers: Humor typically is see~ as entertainment. This view 
may counter negative feelings toward the intrusiveness of ads. (Berkman, 1997) 
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As seen above, the use of humor in advertising has many benefits for the marketer. While some benefits may seem 
obvious, humorous appeals must be executed appropriately or the converse of these benefits may occur. 
Advertising is an art form and there is a particular art to the appropriate use of humor .. 

WHAT CONTRIBUTES TO A SUCCESSFUL HUMOROUS AD -· 

Humorous ads are widely used and can be very successful. However, sometimes even humorous ads can fail. 
Some guidelines for increasing the chances of successful ads follow: 
• Tie or Relate the Humor to the Offering: ff the humor is not tied to the product, consumers may only pay 

attention to the humor and ignore the brand (Stewart and Craig, 1973). Successful advertising·executives felt 
that humorous appeals must be product-related (Madden and Weinberger, 1984). In general, humor relevant 
to the offering is superio_r to humor that _is unrelated to the offering. _ 

• · Humorous Appeals May Be More Effective With Low-Involvement and Feeling-Oriented Products: Surveyed 
advertising executives felt that humorous appeals are more suitable to low-involvement products. Generating 
positive feeiings and attitudes are critical for low-involvement products (Madden and Weinberger, 1982). 
High-risk products generally have the lowest levels of humor usage. Low risk products have the highest levels 
of humor usage. (Weinberger~ et al., 1995) 

• Certain Audiences Respond More Positively to Humor: . Younger males with higher education seem to respond 
most positively. One explanation is that aggressive and sexual types ofhumor_·appear more frequently and 
men seem to enjoy this more than women. (Madden and Weinberger, 1982; Whipple and Courtney; 1981) 
Also, consumers who have a positive attitude toward the advertised brand are more likely to respond to 
humorous appeals. Humor also is now effective in influencing audience members' responses to an advertise
ment when audience members' need for cognition is low rather than-high (Zhang,.1996). Younger, better
educated, upscale, and.professional people are receptive to humorous appeals (Schiffman, 1997). Of course, 
humor should always be done in a respectable manner that honors the consumers and that does not use inapp
ropriate forms of humor, e.g., ethnic jabs, sexistjabs, wlgarity, etc. 

• Humor's Universal Appeal Seems to be Country Specific: One study researched humorous-ads fromGermany, 
Thailand, South Korea, and the United States and found that the majority of the humorous ads in all four 
countries contained the same 'basic structure of incongruity or contrast. Additionally, ads in Korea and 
Thailand emphasized group-related humor and_ unequal status relationships where the other two countries 
emphasized humor regarding individuals and equal status. In each country, humor was more likely to focus 
on pieasure-oriented products. Germany and Thailand used humor for low and high-involvement products 
while the other two countries focused humor more on low-involvement products. Also, ads were more heavily 
used in the United Kingdom than in the United States. (Alden, et al., 1993) Overall, evidence suggests that 
humor can· be effective in foreign markets but that humorous content will vary by nation (Weinberger and 
Spotts, 1989)~ As stated by Tse, Belk, and Zhou (1989) "the content of ads mirrors a society." 

• Adapt Your Humorous Appeals and Marketing Activity as Necessazy: Humorous appeals will not make up for 
a poor product. · The product will need to be improved. Also, be flexible to adjust or delete the ad as necessary. 
According to .Ronald Shaw, President of Pilot Pen Corporation of America, "Really, to be successful in 
marketing, it all comes back to what I learned as a comedian. I could do an act one night and be a howling 
success, then do the same act the next night and bomb miserably. You've got to adapt your act, respond to 
your audience, try to listen to what they want" (Breuer, 1994). 

• A Commercial Has to _Cut Through the Clutter and Seize the Viewer in One to Three Seconds: Or, they're 
gone! "Some marketers go further to declare the era of the straight-ahead ad that touts price or product quality 
dead; spots no longer work unless they make ~pie laugh ·or bond emotionally with the brand, or unless they 
somehow share a sophisticated wink'with the viewers" (Robinson, 1997). "Moreover, Gordan Gekko's motto 
for the l 980s - greed is good - has been displaced in the 1990s by the X-Files' admonition to ''trust no one." ff 
you approach a consumer today, especially one in the 18 to 34 age bracket, with a straight forward piece of 
marketing that doesn't acknowledge the viewer's savvy and skepticism,you risk slipping off the radar screen 
as quickly as you arrived. Says Lee Chow, Chief Creative Officer of TBWA Chiat/Day in Venice, California, 
and father of the Energizer Bunny: "They are going to call you on any b.s. you throw at them. Today we have 
to entertail) and not just sell, . because if you try to sen· directly and come off as boring or obnoxious, people are 
going to press the remote on you" (Robinson, _ 1997, · 154 ). · 
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♦ Humor is-Better Suited to Some Media Rather Than Others: Surveyed advertising research and creative 
executives in the top 150 U.S. agencies felt that TV (84%) and radio (88%) were best suited to humorous 
appeals. Print media received less support with outdoor (40%), magazines (34%), newspapers (29%), and 
direct mail (22%); The executives also felt that consumer nondurables are conducive to humor (70%) while 
business services, durables, retail, advertising, and industrial products ranged between 24-37%. "Print is 

· reader-paced, allowing more message detail and explanation, while radio and TV are media-paced, passively 
received by audiences waiting to be·entertained." (Madden and Weinberger, 1984) · · 

♦ Humor is More Effective with Existing Rather Than New Products: If the humor does not work, it would be 
less detrimental to an existing product·wherein consumers would have other information, experiences, and 
attitudes to appease the negative humor. Humor also could create a sense of novelty or excitement about an 
existing product. (Weinberger and Gulas, 1992) · · 

• Surround Your Humorous Ad with Suitable Programming: Humorous Coca-Cola ads may not be well suited 
to a surrounding program of destruction, death, or any content the company does not want associated with the 
product. Ads which make light of catastrophes need to be timed in a tasteful manner and around appropriate 
material. Humorous ads may be more appropriate in an action- adventure env;~onment than in a · 
situation~medy environment. Humor would stand_ out more in an.action- adventure environment. 
· (Schiffman, 1997) 

• Pretest and Chart Humorous Treatments to Make Sure They Are Appropriate for the Audience and Product: 
Marketers should use humor selectively based on research findings. In particular, does a humorous appeal 
make consumers less sensitive to the strength of the ad's claim. (Smith, 1993) 

WHAT DIMINISHES A HUMOROUS AD 

In addition to certain "do's" with regard to humorous appeals, there are a number of"don'ts." These are the 
pitfalls to avoid when using humorous ads. 
• Too Much Repetition: Too much repetition can diminish the effect of a humorous appeal or even irritate and 

lose a customer. Overexposure can drastically reduce the attention-getting and keeping capacity of a 
humorous ad. · . . 

• Using Complicated Humorous Ads: If a humorous appeal is complicated, it may not give the needed 
resolution to create a pleasurable experience for the viewer. A complicated message also may take the focus 
from the product or product benefits~ Vi~wers may not want to effort so much mentally to get the humor. 

• Using Humorous Appeals Which Decrease Recall of Product Uses and Benefits: Humorous ad appeals may 
signifi~tly decrease recall of product uses and benefits. That is, the humor may be remembered while the 
product uses and benefits are not remembered. Relating the humor to the product uses and benefits will aid 
the recall capacity. ·comprehension may be reduced if interest is based solely op the humor and not· on the 
product. _(Berkman, 1987) 

• Do Not Use Tasteless Humor That Demeans or Disrespects: Tasteless humor can make your product. into the 
object of ridicule and public debate. The adverti_ser wants people to laugh with them not. at ·them. 

SUMMARY AND CONCLUSIONS 

Humorous appeals can be very beneficial to the marketer but must be used with discernment. While the use of 
humorous ads is widespread, the impact of humorous ads can vary like an-art form. This paper has· examined 
humor and its use in advertising. The benefits of humorous ads have been elaborated as well as what to do to 
increase and not diminish _the positive effect of a humorous ad. "While humor may make ads funnier and more 
enjoyable, it is cl~ that is byno means a guarantee for more effective ads" (Weinberger, 1995). 
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ROLE OF CUSTOMER REFUNDS, ATTRIBUTION, AND RECOVERY 
IN FUTURE PURCHASE BEHAVIOR IN PRODUCT FAILURE SITUATIONS 

ABSTRACT 

Product failures not only affect customer satisfaction but normally have a negative impact on brand 
attitude and future purchase intentions of the brand concerned as well as at the retailer where it was purchased. 
This study addresses the issues Qf the impact of recovery attempts, customer refunds and attribution on future 
purchase intentions of the brand and the retailer. Future purchases of a particular brand depend on both the 
recovery effort and the amount of refund while the future purchase intentions at a the retail outlet are primarily 
affected by only the recovery process. 

INTRODUCTION 

In a product failure situation, the interaction between retailers and manufacturers is vital to the future 
purchase behavior of consumers. Manufacturers have little control over how the retailer handles the recovery 
process yet the recovery process impacts the consumer's future purchase intentions of the particular brand. 
From the retailer's viewpoint, the refund policy of manufacturers impacts the satisfaction of consumers with the 
recovery process, yet, the retailer has little control over a manufacturer's refund policy. 

Post-purchase actions of brand switching, negative word-of-mouth, and complaint behavior arise from 
product dissatisfaction. Complaint behavior, in tum, . may range from forgetting about the incident to voicing a 
complaint to a third party (Warren and Gilbert 1993). The post purchase response will depend on who is 
attributed as being accountable for the dissatisfaction, the magnitude of the dissatisfaction, and whether or not 
the dissatisfaction could have been prevented (Hoffman, Kelley; and Rotalsky 1995; Folkes, Koletsky, and 
Graham 1987). 

Folkes, Koletsky, and Graham (1987) studied the relationships among attributions and behavioral 
responses of consumers experiencing a problem with a service. They found that future purchase intentions were 
affected by two factors: 1) who was responsible for the service problem and 2) could the service problem have 
been prevented. If the firm is viewed to be responsible for a service problem, future purchases will be 
negatively impacted. However, a firm that accepts responsibility for a service problem and makes a good effort 
in satisfying the customer can reduce the negative impact on future behavior (Krishman and Valle 1979). 

Recovery deals with how a firm handles the cause of the dissatisfaction and the actions the firm's 
employees take to satisfy the customer's dissatisfaction (Hoffman, Kelley, and Rotalsky 1995; Spreng, Harrell, 
and Mackoy 1995). Approximately fifty percent of customer complaints due to defects or failures result in 
greater dissatisfaction because of poor recovery procedures or policies (Hart, Heskett, and Sasser 1993). 
Customers who are dissatisfied with a product can be recovered. If consumers are satisfied with the recovery 
effort of the fi·rm, they will be more willing to purchase from the firm again (Webster and Sundaram 1998; 
Spreng, Harrell, and Mackoy 1995; Cardozo 1965). In fact, often customers will rate their encounter experience 
more favorably after a firm h~ successfully corrected the bad experience than before the recovery ever 
occurred (McCollough and Bharadwaj 1992). · · 

In the apparel product industry, consumers who were dissatisfied with an item purchased at a particular 
retailer were more willing to patroruze the retailer again if the retailer made an effort to offer a refund or 
replacement garment. The retailer's redress effort had no impact on future purchases of the manufacturer's 
brand (Kincade, Redwine and Hancock 1992). However, from the manufacturer's viewpoint, the warranty 
which covers customer refund policies for product failure or dissatisfaction has a large impact on the 
manufacturer's sales, market share, costs and profits (Mitra and Patanker 1997). 

The purpose of this study was to inv,estigate the impact attributions, customer refunds, and satisfaction 
with the recovery effort have on future purchase intentions of the particular product brand that failed and future 
purchases at the retailer where the product was sold .. The results of the study can be used by both 
manufacturers and retailers to reduce the negative impact on future .purchase behavior in a product failure 
situation. · 
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THE STUDY 

The data were collected through the Arkansas Household Research Panel. Of the 305 questionnaires 
mailed, 97 were used for the study for a response rate of 32 % • The sample consisted of 59. 9 % females. 
Approximately 13 % were between 18 and 39, 45 % between 40 and 59, and 42 % over the age of 60. The ., 
average income was $42,789. Approximately 28% of the sample had a high school education, 25% some 
college, 22 % a college degree, and 25 % a post-graduate degree or some post-graduate work. 

Respondents were asked to answer a series of questions about ·a product failure experience in which 
they were extremely dissatisfied. The data were analyzed using LISREL 7 (Joreskog and Sorbom 1983, 1989). 

RESULTS 

The results of the structural model analysis i_s presented in Table 1. The model fit statistics indicate an 
adequate model fit for exploratory research. The Chi-Square was 17.63 with 2 df (p=.000). The GFI was 
0.935, the AGFI was 0.512 _and the RMSR was 0.103. The low AGFI indicates there may be another variable 
not in the model that has an impact on future purchase behavior of a brand or retailer. Future research should 
investigate this further. 

In terms of future purchases of a particular brand in a product failure situation, future purchase 
intentions are impacted by the recovery process and percentage of customer refund. Future purchase intentions 
at the retail outlet where the defective product was sold was also affected by both the recovery effort and 
customer refund, but based on the Beta coefficient, the impact of the recovery process was almost twice as 

strong as that of the customer refund. Attribution did not significantly impact the consumer's attitude towards 
the recovery effort, future purchases of the brand, or future patronage of the retailer. 

Table 1 
Results of LISREL Analysis 

LISREL 
Notation Path 
{J 14 Customer refund --- > Recovery process 
{J is Attribution --> Recovery· process 
{J21 Recovery process --- > Purchase intentions of brand 
f111t Customer refund --> Purchase intentions of brand 
{J25 Attribution - > Purchase intentions of brand 
{J31 Recovery process --> Purchase intentions at retailer 
/J31 Customer refund --- > Purchase intentions at retailer 
{J31 AttributiQn --> Purchase intentions at retailer 

· •• Significance level of p < .01, • Significance level of p < .10 
.,f = 17.63 with 2 df (p=0.000) 
GFI = 0.935, AGFI == 0.512, RMSR = 0.-103 

DISCUSSION OF RESULTS 

MLE 
Coefficient 

0.576 
0.060 
0.418 
0.407 
0.144 
0.420 
0.198 
0.144 

T-Value 
6.847** 
0.717 
3.662** 
3.550** 
1.531 
3.658** 
1.712* 
1.515 

Both manufacturers and retailers are concerned about future purchase behaviors of customers when 
product dissatisfaction or products failures occur. Manufacturers have warranty and customer refund policies 
that cover product failure situations. However, in most cases, it is the retailer that must handle the customer 
complaint and recovery process. The retailer is often expected either to provide the customer with a full refund, 
partial refund, or product exchange. The actions of the retailer are· dependent on the manufacturer's warranty 
and exchange policy as well as the retailer's own policies_ concerning defective merchandise. 

Future purchase intentions of a particular brand were affected by both the recovery process and the 
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customer refund. The LISREL analysis indicated both are of equal importance. The greater the customer 
refund, in percentage terms, the more likely the customer would be willing to purchase the brand again. The 
refund appears to minimize the customer's financial risk. Although future performance risk .may be increased 
because of a product failure, the financial risk is diminished by the customer refund and the warranty policy. 
This study clearly indicates that offering full customer refunds are an important factor in customer retention and 
future purchases of a failed brand. 

Equally important to consumers in brand re-purchases was the recovery effort of the retail outlet. 
Unfortunately, the manufacturer has little control or influence over the recovery effort. Further, the law 
prohibits discrimination among retailers if a manufacturer sought in some way to punish a retail outlet they 
believed had poor recovery efforts. Manufacturers cannot refuse to sell to a particular retailer or manipulate the 
price or servi~ to either favor retailers that have good recovery policies or punish those that have poor 

policies. 
However, manufacturers do have several options that will increase the probability that retailers will 

practice good recovery efforts. First, the manufacturer can provide an unconditional, full customer refund 
within a specified warranty period. Unconditional money back guarantees are easy for retailers to handle and 
easy for customers to invoke. Complicated, conditional warranties will be more d~fficult for retailers to process. 
Second, in addition to unconditional refunds, manufacturers should encourage retailers to exchange the defective 
item for a new one. This allows the customer quick resolution of their complaint as well as ensuring the 
customer does not switch brands, which would likely occur if a full refund were given. 

Third, manufacturers should provide immediate credit to retailers for returned, defective merchandise. 
When retailers have minimal monetary risks, they will be more inclined to provide good service recovery. 
However, if retailers incur additional costs, recovery efforts will be inhibited. Third, manufacturers should 
develop a partnership relationship with the retailer. This relationship allows for open communication that will 
enhance the recovery process. Retailers will be more inclined to work cooperatively with manufacturers within 
the manufacturer's warranty agreements when the relationship benefits both parties. 

In a product failure situation, a retailer's primary concern .is to retain their current customers. This 
research indicated that the most important factor in that retention was the recovery process. The percentage of 
refund given to the customer was important, but not nearly as important at the recovery process itself. It is 
extremely easy for the retailer during the recovery process to put blame on the manufacturer. · Doing so will 
make the retailer look like the good guy and manufacturer the bad guy. Customers will readily believe these 
assertions and will, in most cases, be willing to continue patronizing the retailer. If they were unhappy with the 
refund or warranty policy, the customer will just buy a different brand. 

To increase the probability that·the customer will continue patronizing the retail store, the retailer can 
do several things. First, they should train their personnel in the importance of the recovery process. Customers 
should be allowed to vent their anger and complaints. Retail personnel should voice concern and empathy for 
the customer as well as offering an apology for the failure or defect (Goodwin and Ross 1992). 

Second, retailers should encourage manufacturers to have unconditional warranties with full refund or 
exchange poli9ies. Since most retailers offer consumers multiple brands of a product, the retailer is in a good 
posi~n to encourage unconditional warranties. Such warranties are easy for retailers to service for consumers 
in behalf of manufacturers. Retailers now have the leverage position in the channel to ensure manufacturers 
offer warranties that will benefit all parties concerned: the customer, the retailer and the manufacturer. When 
customers are offered a full refund, the retail store will retain approximately 81.5% of those customers (Kelley, 
Hoffman and Davis 1993). 

Third, retailers should develop a portfolio of recovery options that can be used. Each customer has 
different needs and each failure situation occurs under a different set of circumstances. Recovery options that 
could be used by recovery .personnel include offering customers a discount, correcting the problem immediately, 
if possible, offering a replacement item, offering a full refund, and in extreme cases, using a correction plus 
option (Kelley, Hoffman and .Davis 1993). In cases were a product is defective, but has been partially used then 
a discount on a future purchase may make sense. Sometimes, a problem can be corrected immediately. For 
example, a part that is defective may be replaced while the customer waits. In extreme or severe cases, a retail 
store may want to offer their best customers an additional compensation for their inconvenience. For example, if 
a stereo had to be returned twice to be repaired while it is still under warranty, the retailer may want to offer 
the customer a free CD or some· other merchandise to compensate them for their inconvenience. 

It must be noted that attribution had no impact on the recovery process or the future purchase intentions 
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of either the brand or at the retailer. It does not make any difference if the retailer is held.accountable or the 
manufacturer of the product. The customer may even feel that part of the blame was his or her own fault. 
Regardless of attribution, it is the recovery process that holds the key for both the manufacturer and the retailer. 
Trying to blame each other for inadequate recovery processes helps neither party. By working to together and 
ignoring the blame for a product failure, all three parties can come out winners. The retailer can retain a ~-· 
customer, the. manufacturer is assured the customer will try their brand again, and the customer feels better 
about the experience. 
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APPLICATION OF DATA ENVELOPMENT ANALYSIS 
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Vaninsky, Alexander 
Netanya Academic College, 
Israel 

ABSTRACT 

Abuo-Habla, Ziyad 
Netanya Academic College, 
Israel 

It is shown that Data Envelopment Analysis (DEA) realized on 

Excel for Windows and combined with its graphic, statistical and other 

operational means turns to be an effective means for teaching finance. 

The principal feature of suggested approach is providing a student with 

computerized environment for active participation in teaching process 

in a research-like manner. Example of a student research project in 

Financial Efficiency is revealed for illustration. 

1. INTRODUCTION 

Financial economics is developing intensively in recent decades, and especially in last years. So, 

the problem arises to fmd appropriate approach to efficient teaching in this field. In this paper we 

consider one of possible ways to achieve this objective. 

Suggested approach is based on combination of recent achievements in Financial Economics, new 

research methodology provided with DEA, and statistical, graphic and other operational means given 

-by Excell for Windows. Taken together, these tools allow to provide a student with fully integrated, 

highly computerized working environment, and involve him or her in an active . study process in a 

· re.se~ch.;.like manner. 

For explanations of our proposals we use a case of financial management efficiency study. During 

the · study process, a student learns to measure financial efficiency and profitability, recognizes 

difference between them, and makes an attempt to expose financial efficiency explicitly, rather than 

conceptually. 

In our study DEA (see CCR and BCC for details} serves as a means for measurement of financial 

efficiency, and separation of efficient objects from inefficient ones. This stage is based on Excel 

realization of DEA using its Solver Tools. To find financial indicators discriminating efficient arid 

inefficient objects we use statistical package of Excel ToolPack/Data_Analysis. As a result, 

recommendations are derived relating increase financial efficiency. 

Example of a student research project is revealed for illustration. 
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2. ESSENTIAL TOPICS IN TEACHING FINANCIAL EFFICIENCY 

Teaching fmancial efficiency is based on the following preceding general and special courses: 

Mathematics, Statistics, Ac~ounting, Computers, and Introduction to Finance. The course, in its~ 

containing introduction to Financial Efficiency, may be used in consequence of special courses, 

aimed to extend understanding of financial process and their practical application, such as Financial 

Decision Making and Financial Engineering. 

The aim of the course is to provide theoretical support of fmancial decision making,, demonstrate 

importance of integrating of statistical, mathematical and computer means in managing finance, and 

equip student with tools that are useful in practice. The main ideas that underline the course are as · 

follows: 

- Principal objectives of a firm is maximization of its Profit and Market Value. 

- Rational mean to achieve these objectives is increase in Financial Efficiency. 

Informally Financial Efficiency is defined as a measure of rational use of fmancial resources 

aimed to provide stable profitability and increase market value of a firm. Financial efficiency is much 

more complicated and less definite category than profitability. It may have or have not unique 

exposition, depending on actual problem under consideration. 

3. DATA ENVELOPMENT ANALYSIS 

Theory and methodology of Financial Efficiency measurement is given with the Data 

Envelopment Analysis. DEA was developed in publications of Cooper, Chames and Rhodes 

(CCR,1978) , and Banker, Charnes and Cooper (BCC, 1984). DEA considers a firm as Decision 

Making Unit (DMU), that produces "Outputs" (Yi) using "Inputs"(~). If we consider the kth DMU, 

then its parameters will be expre~sed as X;k and Yjk, k=l, ... ,n, where n stands for a number of DMU's 

(firms, in our case) in a group. 

Efficiency of the kth DMU is expressed as 

For each DMU taken in turn, DEA fits weights Ui and Wj so that efficiency is maximal for a 

given firm subject to be less or equal to 1 for each DMU, if the same set of weights is used. So, each 

DMU gets its own setofweightsUi and Wj, see CCR and BCC for details. 

Mathematical solution of the prob le~ is as follows: 

- Chose in turn one DMU after another (denote the current DMU as DMU0) 
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• Find linear combination of all other DMU's including itself to form such virtual DMU that 

produces as much as possible more outputs using less or equal quantities of inputs: 

n 

~)kxjk~XJo 
k•l 

' D 

L1k Y1k ~ wY,o 
k=-.1 

w ➔ max 

Efficiency= Ek = 1 / w 

DMU is efficient if its w= 1. 

Excel allows to implement this scheme using Tools/Solver in the integral environment of statistical 

and graphical means. We have developed a general format (see Table below), so that the only need is 

to customize it for real DMU's : firms under analysis, inputs, and "outputs. Solver is launched, and 

results with ''Lambdas''and "Efficiencies". 

Table. General Format for DEA Calculations using Excel/Solver 

DATA EVELPMENT ANLYSYS 
OUTPUT MAXIIZATION. VARIABLE RETRNS TO SCALE 

lnput-1 
lnput-2 
lnp.Jt-3 
QJpot-1 
OJtpt.t-2 

1.6333333. 0.612245 <=Efficiency 
DMU-0 Virtual CWIU lncreaselDecreas 

6.00 6.00 
8.00 4.50 
3.00 217 
5.00 8.17 
3.00 5.83 

-3.50 
-0.83 
3.17 
283 

Larmdas 
1.66667 0 
DNIU-1 DIWJ-2 ..... 

1.00 6.00 
200 7.00 
3.00 5.00 
4.00 200 
5.00 9.00 

0 

. Doing so as much times as the number of DMU's, we get the total picture at hand, prepared for 

financial analysis. 

4. ESSENTIALS OF TEACHING PROCESS 

A student is faced the following questions: "What the Financial Efficiency is in our case?" and 

· "What may be don_e to increase it?" 

The following series of steps is used to bring a student to correct answer. 

• Chose appropriate financial indicators that may be considered as inputs and outputs. 

• Use DEA _to separate firms into efficient and inefficient. 

• Implement statistical tests (T-test) to find financial indicators that discriminate efficient firms 

from inefficient ones. 
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- Design discriminating and regression function that represent efficiency _score (Note: In an 

Excel-97 version that is at our~ discriminate analysis is not supported). 

Important to note: Profitability indicators are ( as a rule) rejected at this stage, that demonstrates 

difference between efficien,cy and profitability. 

5. EXAMPLE OF A STUDENT'S RESEARCH PROJECT 

Suggested approach was approved on a series of students' research projects. Below is an example 

of such project: "Explicit Representation of Financial Efficiency". 

15 firms of Electronics&Electricity sector were used. Of them, 7 turned to be efficient, others 

inefficient. 

The following indicators were used as Inputs: 

-Total assets, 

- Share of external financing (Financial leverage, measured as ratio ·of Liabilities to Total 

Assets), 

with Outputs represented by : 

- Profit, 

- Export sales 

All indicators were as averaged for 2 consequent years to make results more representative. 

The. following indicators were tested as discriminators of efficient from inefficient firms: 

Profitability: 

Profitability of labor, 

Profitability of assets 

Profitability of materials 

Turnover: 

Turnover of assets 

Turnover of working capital 

Productivity: 

Labor productivity 

Assets productivity 

Material productivity 

Miscellaneous: 

Size of a firm 

Period of life of the firm. 

After s~tistical testing, the following were chosen as statistically significant and 

non-correlated: 

Financial leverage 

Rati<:> of Export Sales to Profit. 
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· As for financial leverage, it was found that its average value is 46.4% for efficient firms, with 

61.9% for inefficient ones. Due to these averages it was conclude that firms with financial leverage 

less than 45% are likely to be efficient , whilst firms with financial leverage above 65% not. 

Considering indicator {Export_Sales / Profit}, we represented it as ratio of ratios: 

{Export_Sales /Profit}= {(Export_Sales /Sales)/ (Profit/ Sales)}. 

This formula allows to consider this indicator as intensity to export: it compares share of export sales 

with profit margin, so that indicates relation between the tendency of the firm to export and the 

tendency to profit. We have found in our study that average ratio is 16. 7090% for efficient firms, and 

4.1668% for inefficient ones. So , we came to conclusions that: (i) increase in ratio {export/profit} 

leads to increase in efficiency, and (ii) firms with ratio above 17% are likely efficient, while firms 

with ratio less than 4% likely not. 

Multiple regression analyses was used at the next step to reveal statistical (regression) relationship 

· between efficiency and the two factors mentioned above. The following regression equation was 

obtained: 

E==max{O, mio{l, 1.085-0.909*Fioaocial_Leverage + 0.0116*(Export_Sales/Profit)} }, 

Below the principal conclusions are given that a student is likely to obtain from the project: 

1. Financial efficiency is different from profitability. 

2. In a group of firms used in the project, efficient firms use moderate external financing and 

is more intensive in export. 

The last conclusion together with regression equation reveals explicit representation of financial 

efficiency. 

Special attention was paid to firms that most frequently appear as "peering objects"; e.g. as 

examples of "efficient fmancial behavior", and on firms with the least efficiency. They were subject 

to more detailed fmancial analysis. 

The fmal stage of the project is discussion of how the obtained results may be used practically, and 

. which are the situations, where similar approach may be used. 

As for practical use of obtained results, they may be as follows: . 

Compare stock prices of efficient and inefficient firms in dynamics, and demonstrate that efficient 

firms go up with time, whilst inefficient go down. The possible strategy may be derived: to fmd 

underestimated efficient fmns for inclusion into portfolio. 

As for the firms that undergo fmancial difficulties, they may be advised to put special attention on 

two factors. discovered in this research: value of fmancial leverage, and share of export sales in 

relation to profit. 

Considering situations, where similar approach. may be relevant, it may be noted· that it may be 

used for separating "efficient'' stocks from "inefficient". In this example namely a stock is considered 

as "Decision Making Unit", that reveals a good example for development of abstract theoretical 

thinking of a student. 
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Stock may be considered as efficient if it has high rate of return and high liquidity · index. These 

indicators may serve as outputs. As inputs, may be considered, for instance, stock index, circulation 

of a stock, profitability and efficiency of the firm that issued the stock etc. 

Our experience reveals,. that even the discussion of statement of such problems is highly useful for 

better understanding of financial efficiency in total. 
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ABSTRACT 
New developments in technology, such as the graphing calculator and availability of the Internet, 

have had a tremendous impact on the way we teach Mathematics and Computing courses. This paper 
examines several aspects of the new technologies, in particular the implementation of a technology-based 
curriculum and the attempts to address resistance to technology in mathematics. The emergence of the 
"virtual classroom," or courses delivered entirely via the Internet, provides a new and innovative learning 
model for not only computing courses, but many other courses and programs as well. This paper describes · 
the virtual classroom, and the key components of a successful online program. The results of teaching a 
pilot computing course as a "virtual course" are presented. 

INTRODUCTION 

The university of today is vastly different from the institutions of twenty years ago. More and 
more, students are expected to take an active role in the educational process. The function of the professor 
has evolved; s/he is no longer the source of all knowledge but a resource that facilitates the students 
·learning. The increased role of technology in education has encouraged.such changes in education. 

CURRICULAR REFORM IN MATHEMATICS 

Historically, Mathematics has been a very traditional discipline. Teachers lectured at the board, 
assigned and collected homework and gave exams. Leaming was visualized as the transmission of 
knowledge from the professor to the student. Homework was mostly drill. One reason for this was the 
lack of access to powerful computational tools. The teacher was limited to problems that could be 
completed by ha~d within a reasonable length of time. 

In the· 1980's, a movement began to take shape in the mathematics community. Fewer students 
were choosing the major in mathematics. Scores on mathematics achievement tests were dropping. The 
time for change had come. 

One of the first steps was the publication of the NCTM Standards [NCTM, 1989]. This document 
detailed a revised paradigm for instruction in grades K-12. Among its guidirig principles is the idea that 
students should be allowed to construct their own mathematical knowledge by carrying out activities that 
demonstrate the usefulness of mathematics. Another important point was the: use of calculators and 
computers to solve problems that require _ tedious calculations could empower students to explore 
mathematics interactively rather than memorizing algorithms passively. In 1993, the state of Louisiana 
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recei~ed a multi-million dollar grant from the National Science Foundation to fund the LaCEPT (Louisiana 
Collaborative for Excellence in the Preparation of Teachers) project that would seek to improve the quality 
·of teacher preparation in mathematics and sciences. 

At the university level, the American Mathematical Society and the Mathematical Association of 
America were concerned with the future of undergraduate mathematics [Leitzel, 1991; Steen, 1992] and 
especially Calculus. This course is the frorttline of university level mathematics since it serves as a 
prerequisite for all higher mathematics. The mathematical community had become concerned that calculus 
was serving as a barrier between the student and our field not as a gateway to it. In 1988 in response to 
such concerns, the National ·science Foundation began to fund grants to reform undergraduate education in 
mathematics, several of which were aimed _at reforming calculus. 

MATHEMATICAL CURRICULAR REFORM AT NORTHWESTERN 

The faculty at Northwestern State University has moved to address the concerns of the national 
community~ We have carried out several reforms over the last six years. Three of these are detailed below. 

Calculus 

For many years, calculus texts had all been largely the same; they focussed on problems solvable 
by pencil-and-paper calculations. The algorithmic procedures of derivatives and integrals were taught first. 
In subsequent classes (if they got that far), the students were taught the applications for which calculus was 
used. This was the way current faculty members were taught, and it was the way they themselves taught 
others. 

The renewal of our curriculum at Northwestern began in 1992 with the adoption of a new calculus 
text. This text written by the Calculus Consortium at Harvard was developed under one of the NSF grants. 
It emphasizes the concepts of calculus over algorithms and required the usage of graphing calculators 
and/or computers. The faculty had not realized how profoundly this book would change the course. -
Students saw the big picture from the beginning; they learned the ideas behind calculus as illustrated by 
technology before they learned the sometimes-confusing algorithms for derivatives and integrals. This 
allowed for classroom work that was of an open-ended, exploratory nature. 

Students have reacted very favorably to these changes. They report a greater level of comfort in 
the calculus course. Also, enrollments have increased markedly. In the last six years, the average number 
of students per year in calculus has almost doubled while the university population has increased by . 
roughly twenty percent. The number of majors in mathematics has also increased by about thirty-five 
percent over this same period of time. 

Courses for Non-Science Majors 

As the reform in calculus classes progressed, we realized that the lower-level courses needed to 
change. First, we wanted to carry out similar reforms to reap similar benefits, but we also wanted to design 
courses that would prepare the student for the new calculus classes. This led to reform of all prerequisite 
classes, which was funded in part by the LaCEPT project and NSF. Now every student at Northwestern 
takes graphing calculator-based classes to fulfil their mathematics core requirements (College Algebra, 
Finite Mathematics, Survey of Calculus). The impression of our faculty is that these reforms allow 
students to better grasp the usefulness of mathematics in their lives. 

· Stude_nts have also reacted favorably to these reforms. For the most part, the students in these 
courses take them only because they are required to take them. Our research shows that even though the 
students feel more comfortable with the material their dislike for mathematics remains. One very positive 
result has come from the ACT/CAAP (ACT's College Academic Assessment Program) Test. All students 
at Northwestern take this test at the end of their sophomore year. Scores on the mathematics portion have 
increased more than i~ any other area. · · 
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The 'capstone and Orientation Courses in Matl,ematics 

One of the most interesting mathematics courses we offer at Northwestern is our Capstone course. 
In this course, senior mathematics and mathematics education majors pursue a one-semester independent 
research project that culminates in a paper and a presentation. Over time it has become clear that the paper 
and presentation are more intimidating to the students than the research itself. 

To combat these fears, we have incorporated a greater use of technology throughout the 
curriculum. Now, students are introduced to the computer in their first semester through an orientation 
course. They work in small groups on a paper and presentation on a mathematical subject of their choice. 
All students in the class use the same. word processor and the same presentation software. Then throughout 
their college career they will complete similar projects in various mathematics classes. When they reach 
the Capstone course, they are better prepared for the task. Even still about forty percent of their time in the 
Capstone course is spent on learning to use the computer. 

There has not been time to carry out in study of the effectiveness of the new approach. The first 
students who took the computer enri~hed orientation course will take the Capstone course next fall. 
Preliminary interviews with students indicate that the increased familiarity with computers makes them less 
fearful of written and oral communication. -One.recent graduate reported that at her new job she was given 
the opportunity to present a proposal before the president of the company because she was the only person 
in her project unafraid to work with the presentation software. 

THE VIRTUAL CLASSROOM 

The m·ost dramatic trend in Computer Science education, and indeed in other areas as well, is the 
emergence of courses, and in some cases entire degree programs, that are offered entirely online, i.e. via 
the Internet. This newest method of college-level instruction has been called "the cyber league," "the 
electronic university," or "the virtual classroom." These terms refer to a particular type of distance 
education that is gaini_ng tremendous momentum as institutions look to provide services for a more diverse 
student population. 

A Virtual . Classroom (VC) is a "teaching and learning environment located within a computer
mediated communication system" [Hiltz, 1995]. Thus a VC is not made up of bricks and concrete, but 
rather it contains "classrooms" that are constructed from computer software. These "classrooms" provide 
meeting spaces where an instructor and members of a class can communicate, interact with each other, and 
the 'learning experience can take place. All of this is accomplished without any face-to-face contact. 

Participation in most VC's is generally asynchronous meaning.that all participants do not have to 
be online and "meet" at a pre-determined time. Students may login and read, post questions, complete 
assignments, and respond to other students' postings at any time around the clock and from whatever 
location that provides convenient access to the Internet. This model of classroom learning has the 
advantage of giving students time to engage in more reflective and critical thinking before submitting a 
reply to an exercise or question. In addition, because of this asynchronous communication, online learning 
· is well suited to "working adults who want to increase their capabilities and opportunities in the 
workplace" [B~dore, et. al., 1997]. The demands of work and family make the VC attractive for busy 
people as it is open 24 hours a day, seven days a week. 

At our university, we are currently offering a pilot course "Understanding and Using the Internet," 
which follows· the asychnronous online model. The course is designed to teach the student fundamental 
Internet skills, such as searching the Web, developing a home page, email, ftp, etc. The course is delivered 
using an online course management system called Top Class. Top Class provides a Web-based interface for 
course delivery, and is currently being used by"a large number of institutions. The advanced administrative 
features that distinguish Top Class are designed to ensure ease of use by students and instructors, and to 
provide a means by which to ensure course quality. · 
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Top Class is one of several commercial software systems that have been developed for providing 
online course delivery. Other such systems are Convene, Embanet, Web Course in a Box, WebCT, and 
Leaming Space. T_he reader can refer to [Landon, 1996] for a comparison of costs and capabilities of these 

packages. 

KEY COMPONENTS OF AN ONLINE PROGRAM 

As described in [Bedore, et. al., 1997], the key elements of a successful online program are the 
curriculum, the facilitator, the technology (which includes customer service/technical support), and the 
students. This paper provides the conte_nt for an online program by focusing on each of these key elements. 

The Curriculum 

An online program requires curriculum that has been created or adapted for the collaborative · 
nature of online learning. It is not sufficient to merely place the course materials utilized in a traditional 
classroom on the Web. The curriculum must be designed to foster critical thinking and to elicit interaction 
between the participants. There is little or no "lecture" in the VC, and the students are required to 
participate in a number of activities designed to accomplish the learning objectives. The answering of 
discussion questions, case studies, article critiques, simulations and other applications-oriented materials 
are used to help students put theory into practice. Group and team activities that encourage "synergy" 
between the participants should be an integral part of the learning model. The objective is to create a 
stream of discussion and ideas that promotes learning from the traditional sources (instructor, textbook, 
etc.) and from the collective knowledge and experiences of the students. 

The Facilitator 

The role of the instructor in the VC is slightly different from that of a traditional on-ground 
instructor. The online instructor will guide, will offer advice and comments, but at the same time must be 
willing to step back and allow the learners to take sorrie responsibility for their own learning. Thus the 
instructor in the_ VC is often called a "facilitator" of learning. 

The facilitator must be well trained in their subject matter as well as the online learning process. 
Experience in the real world prepares the facilitator and helps build their level of understanding. An 
effective traditional classroom instructor does not necessarily make an effective online facilitator. 
Characteristics such as sincerity, respect for the student, patience, a caring attitude, and flexibility are 
important for an online facilitator. S/he must be available to the students online daily; thus the facilitator 
must make a sincere commitment to the course. 

The Technology and Technical Support 

The technology and technical support are necessary to deliver the course to students, possibly all 
over the ~orld, in a convenient, easy-to-use format that promotes the highest level of interaction and 
learning. The service must be "utility grade," i.e. available 24 hours a day, everyday, on-demand. The 
delivery may be asynchronous through proprietary software, or perhaps simply through email, listserv 
discussion groups, the Web, bulletin boards, or a combination of these services. Whatever technologies are 
chosen, the course materials and interaction require a basic level of hardware and software capabilities; for 
example, the amount of RAM required to run the software, a modem capable of downloading messages 
and other course materials. 

The institution must carefully evaluate the technology with respect to the overall goals of the 
online program .. The cost of the technology should be affordable to the institution and to the students. An 
institution must carefully weigh the setup costs, along with continued maintenance and support of an "in
house" system, as opposed to using a software provider, which generally charges according to the length of 
the course and the number of students. · · · · 

Technical support and customer service are a vital, but often overlooked, aspect of the overall 
system. People who are new to a system will likely need assistance at one time or another. Although the 
facilitator can take care of some of the problems, a help desk or technical assistant is necessary to handle 
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administrative issues. In addition, the student must be given instructions on how to get help. This sounds 
simple and easy to implement, but it is an area that is often the weakest component in the program. 

The Student 

Experience has proven that not every student makes a successful learner in the VC. T-he student 
should possess some basic technical skills, such as keyboarding skills, and an understanding of the basic 
functions of email: send, receive, forward, reply, save and print. There are also certain p~rsonal 
characteristics that are necessary to succeed: self-motivation, willingness to commit time to the course, and 
the ability to think ideas through. The student should be comfortable with communicating in writing. 

The profile of today's online learner is that ofa more mature student, perhaps someone who is 
working full-time who wants to enhance their education and improve their opportunities. The combination 
of available technology and a ready market are predicating a sharp increase in the number of graduate 
programs, i.e. "cyber graduate schools" [Phillips, 1996]. However, as more institutions are adopting 

. online education, more and more younger students are taking courses online. The New Jersey Institute of 
Technology, for example, offers complete undergraduate degree programs in Computer Science and 
lnfonnatioQ Systems [Hiltz, 1995]. 

The VC also opens up oppQrtunities for people who may have difficulty attending traditional 
classes or may be reluctant to do so. Online education is relatively free of many of the biases and 
distractions that are present in the traditional classroom environment [Kearsley, 1997]. A student's 
physical appearance, speech and language distinctions, or other disabilities are largely invisible. Thus 
online learning provides an alternative for homebound or disabled students. 

SOME ·PRELIMINARY RESULTS 

We are now into the second semester of teaching "Understanding and Using the Internet" online. 
Here are a few preliminary impressions concerning the impact on faculty, based on our own experience. 

1. Developing course materials is a LOT of work. Much more so than in the traditional . 
classroom. 

2. Once the course has its basic materials developed and you have done it once for experience, 
and the class size is manageable (25 or less), the actual work to conduct the class is about the · 
same as for a traditional class. The workload is directly proportional · to the number of 
students in the class. 

3. T~e facilitator spends a great deal of time relating to students individually. Students expect 
immediate answers to their email messages. · 

As to the impact and impressions of students, we have only one semester of data collected from 
the students who took this course. Here are some of the findings from an evaluation administered at the 
end of the semester. 

1. It is critical · that the system functions properly and be accessible at all times. There were 
complaints about system availability at times. 

2. Some of the students requested that we hold a few face-to-face meetings with them 
throughout the semester, with attendance being optional. 

3. Most students felt that the quality of learning was equal to or better than that ofthe ·traditional -
classroom due to the fact that they had to read the material and apply it to activities conducted 
online. This supports the notion that we learn and understand that which we experience much 
more effectively than that which we hear (as in a lecture.) 

SUMMARY 

There will always be a need for the primarily residential colleges · and univers1t1es for the 
traditional student population (ages 18-21). Residential campus life contributes morn to a student's 
development than the learning that occurs within the four walls of the classroom. However, there is a need 
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for on line courses to support students of all ages and in a wider variety of life situations. In the short term, 
many institutions will be jumping on the VC bandwagon, with hopes of increased revenues (more students, 
and a cheaper method of course delivery). This is actually not the case; if done correctly, online courses 
require faculty training and start-up investments in technology. In the long run, there will be an increase in 
competition for students as the larger institutions develop degree programs that are open to any qualified 
student around the world. Many students may choose this option due to name recognition of the institution 
and to the availability and convenie.nce of this type of delivery. 
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ABSTRACT 

Advances in interactive and digital technologies have allowed distance education to evolve into a distinct 
learning form. Currently, .educators are delivering instruction to students in remote locations via 
interactive telev.ision, electronic networks and computer-based multimedia systems and allow educators 
and students to communicate through both synchronous (real-time) and asynchronous audio, video, text 
and/or graphics. We are now beginning to see the development of another form of distanc_e education 
which combines the concepts associated with Electronic Performance Support Systems (i.e., tools, 
information, training, and advisement) with network based delivery systems. These programs provide 
users with just-in-time training, information and support through both synchronous and asynchronous 
audio, video, text 9r graphic communications provided by a computer or by actual people (Hirumi, 1997). 

INTRODUCTION 

Distance education is becoming important for several reasons. First, as we continue to move into the 
information age, the exponential accumulation of information and rapid changes in information and 
technology necessitates on-going education and professional development. Second, student demographics 
continue to change. A much higher percentage of university students are older, have children and work 
full-time. Convenience is of utmost importance. Third, to address the changing student demographics, 
many institutes of higher education must provide distance education if they are fo sustain or increase 
enrollment. . 

TYPES OF INTERNET SYSTEMS 

Email is one of the least expensive distance education tools and as such has limitations. One of the most 
important is the ability of the student and educator to have real-time communication. Some times email 
messages can be delayed several days if an individual is out of town or if there has been an equipment 
problem. Another consideration deals with assessment, with email another method must be used to 
provide a secure environment for testing and final projects or reports. 

Group Video Teleconferencing systems in many ways resemble the traditional class room environment. 
However, it is important that educators see group video teleconferencing as more that just a way to extend 
classes to off campus locations. Special emphasis should be given to ways to gain attention, maintain 
attention, encourage participation and structure the learning context for the remote learners, but it does 
not allow student the ability to complete a course on "their" time schedule. 

52 



The use of Desktop Video Conferencing is becoming increasingly important. Desktop video systems can 
offer. video teleconferencing capabilities as well as multipoint shared software telecollaboration. Students 
at multiple sites cannot only see and hear each other, but they can simultaneously collaborate on the same 
software application._ As networks migrate to even higher bandwidth capacity, educators will experience 
superior audio and video quality and multimedia capabilities that are desirable for many Distance 
Learning solutions. · 

Another example uses chat rooms in which students and faculty interact. The exact procedure used for 
these courses can vary. Some courses may require students to participate on a weekly basis while others 
may be more open and require students to manage their time. If the course is offered as part of a 
traditional university schedule then fixed time limits must be employed to insure that course requirements 
can be completed in the allotted time. Cook ( 1998) indicates that problems can occur with such items as 
different student Internet Service Providers, a student's familiarity with the Internet and a student's ability 
to type. 

ISSUES TO BE ADDRESSED 

With any remote course, students must be able to receive course materi~ls, register, and obtain library 
resources. 

1. Will there be a difference in the way that an Internet course is posted to a transcript as 
opposed to a regular university course? 

2. Will the course have the same rigor as a traditional course? 

3. How does an institution handle out-of-state tuition? 

4. What cost is assigned to an Internet course as opposed to a traditional course? 

5. Is there an issue regarding accreditation of either the institution or program offering an 
Internet course? 

If a course is to be developed, these issues mu_st be resolved. 

Another major area concerns delivery of laboratory courses, most of the references reviewed did not 
invo~e laboratory courses. These courses rely on area libraries, course textbooks, and the Internet for 
reference materials. Some institutions have developed mobile laboratories. This allows a single 
laboratory unit to be moved from location to location within a specified area. Other institutions have , 
centralized laboratory locations that remote students must attend. This does limit the "distance" that 
Internet courses can serve and requires faculty from the institution or hiring adjunct faculty from the local 
areas to implement such courses. A few institutions are developing Internet based laboratories to 
overcome ~ese distance and cost limitations; however, there are limitations to this type of technology. 

Usually these types of laboratory trainers with Internet interfacing are very expensive so only a few 
students can use them at any time. Students also lose the ability to trpubleshoot laboratory experiments. 
In this environment, either experiments work correctly, or can be programmed with errors that must 
identified by remote learners. 
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CONCLUSIONS 

There is still a great deal to be learned about the use of the Internet as a medium of instruction. Following 
new developments and incorporating them into evolving professions is vital to advancement. While not 
clearly stated, it is clear that any Internet course requires a· very organized educator to develop and 
maintain contact with students. The institution must also support any distance education progran) for it to 
be successful. Educators of Internet courses also spend large amounts of time outside the classroom. 
This can be in the form of one-on-one sessions with students, maintaining homepages, grading and 
returning assignments, etc .. 

An unresolved issue is Internet course standardization. Does this type of media need some common 
"threads" or should we continue to let each educator or institution develop their own standards? 
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ABSTRACT 

Technological .Capital is defined and related to economic and cultural capital. Connections with trait innovativeness 
measures and innovation diffusion models are discussed. 

INTRODUCTION 

Technology assumes a manifold stance in today's society: its shapes invest the horn~ and the workplace, its promises 
are both panacea and pandemonium, its expected outcomes are some mixture of Godzilla (techno-threat) and 
Gamara (mutant friend"'to-all-children). And the study of technology is necessarily as diverse. For an academic to 
say that she "studies technology" is as vague as a diner, in response to her waiter's query, ordering "food". The 
venues for the study of technology include the academies of behavioral sciences as much as those of engineering 
schools. · 

The shape of the study· of technology -- as well as the social commentary directed toward its use -- depends on the 
perspective of technology chosen [18]. Some choose to define technology by how it is produced, and focus on 
process: i.e. technology as curriculum of mechanics, engineering, electricity, laboratories, and shopwork. Others 
focus on technology's consumerist manifestations, seeking models to define consumer adoption and product 
diffusion: i.e. technology as the constant supply of gadgets and pushbuttons. Still others study technology as a 
shaper of individual identity and driving mechanism in the definition of the social: i.e. technology as suppressor of 
individual skill or craft in favor of volume and consistency, or technology as instigator of social problems of 
unemployment and des killing and as the great secularizer, respectively. 

Technology is simultaneously all of these things. But, regardless of perspective chosen, the study of technology 
cannot be removed from its social context [18]. A given sociological situation nurtures particular inventions or 
innovative products, while it rejects other fomis of innovative expression. Modes of allowable discovery depend on 
extant social norms. And use of the technological innovation follows that society's dispositions toward want and 
need, and definitions of appropriate and inappropriate. And the invention, discovery, use, and eventual acceptance 
of a technology reciprocally invests the social with new attitudes and norms, virtually guaranteeing further change. 
There is a deeply embedded relationship between technology and the social. But where does that relationship begin 
and~~ . 

The purpose of this paper is to suggest that~ beyond microstructural considerations, technology cah also influence 
social macrostructure, particular,ly social stratification. The following argument builds a concept of technologically
based stratification based on a person's ability to control technological capital, an endowment extrapolated from 
Marxian notions of economic capital and Bourdieuvian cultural capital. The author then·suggests areas of · 
technological study where the notion of technological capital may be applied. · 

ECONOMIC, CULTURAL AND 
TECHNOLOGICAL CAPITAL AS DRIVING MECHANISM OF STRATIFICATION 

E~on~mic Capital. How do social strata form and how are they regenerated?. The classic perspective on the 
hist~n~al conditions giving rise to class-based structures is the Economic Capital argument of Marx [ 15]. Marx' 
social is defined by capitalism, an economic system organized around the concept of capital, which is defined as 
the ~wnership and control of the means of production. Two primary social strata are defined by relationship to 
capital: t~e Capitalist class owns the means of production, but do not actually use them to produce wealth, whereas 
the Workmg class does not own means of production, but uses them to produce. The Capitalist class buys the labor 
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power of the working class in exchange for wages. Ownership of means of production.by the Capitalist class is 
private and exclusionary. Social Stratification maintained and reproduced via control of the means of production 
(economic domination and exploitation) and transference of control within social strata and along familial lines. 

The Golden Rule: he who has the gold, makes the rules. 

Cultural Capital. But Marx's arguments are not without their critics. The economic capital concept is an in~ufficient 
means to explain partitioning beyond dichotomous capitalist-worker structure, or among class fractions within strata. 
Class empowerment movements in the 20th century have gone a long way to establish ownership participation across 
class lines. And yet class boundaries persist, suggesting the existence mechanism~ in place other than economic 
ones. Contemporary French Marxian analysts [ 4,5] have attempted to resolve these contradictions through the 
introduction of an extra-economic variation on Marx' theme; the. concept of Cultural Capital is an extension of 
economic capital, wherein wealth is not defined in purely.financial terms, but rather also as knowledge and ideas 
wh1ch legitimate maintenance of status and power of their 'owners'. The Capitalist class controls the symbols ( e.g. 
language, cultural artifacts such as plastic and performing arts) and key institutions which interpret these symbols 
(educational institutions and culture systems, such as museums, which maintain evaluative distinctions such as 'art 
vs. craft') through.which it establishes the hegemonic power used to maintain class distances. Replication of social 
strata is perpetuated through. I) undervaluations of formal qualifications, with resultant preference for more loosely 
defined characteristics in objects and people bestowed cultural precedence, and 2) as with economic capital, the 
transference of control of symbols within social strata and among familial lines. 

Just because someone is a millionaire, she's not necessarily haute classe: she also needs to be 
able to correctly place Faure and Glazunov among the Romantics. 

Or, he would have been a great CEO, if only he had read Tolstoy in the original Russian. 

Technological Capital. A casual look around contemporary households and workplaces should reveal what has 
become the basis for further interpretation and class delineation: technology. Our activities at home are defined by 
interaction with machines that entertain us and cook our meals and clean our floors. Our activities at work are 
defined by interaction with machines that help us communicate with others and help us make decisions. Does our 
facility with technology and our relative ability to define the appropriate use of that techn9logy predicate our 
position within ti1e social? 

Surely if stratification can be manipulated through the control of cultural symbols and artifacts, technology invests 
some of those symbols and represents some of those artifacts: technology is one of the myriad forces of culture, and 
has been argued by some to be the single most important component of culture [3]. Certainly, manifestations of 
technology have become more ubiquitous elements of contemporary everyday life than cultural products such as 
painting or the symphony. Practitioners in technological fields may argue that .technological choices are based 
primarily on utility, but historical evidence suggests otherwise. Markets have often rejected the best products -- as 
measured by pure functionality -- for the lack of material aesthetic quality. Still others overlook profane functional 
qualities of product to emphasize interpretations of their aesthetic aspects: for example, ancient Chinese societies 
overlooked·the military applications of gunpowder in favor of its ritual aesthetic ceremonial applications (see 
Basalla 1988). Technology isn't merely a utility, but rather a confluence of utility and cultural interpretations. And to 
the extent that those interpretations are controlled by one element of society to effect social distinctions, the same 
arguments of the cultural capital concept can be extrapolated from the arts to technology. I.n other words: can there 
be a Technological Capital, a sub-classification of cultural capital, such that control of technological resources, 
_ definitions and constraints contribute to hegemonic power of elites? And, can Technological Capital be used to 
better understand the creation and diffusion of technological product? 

That's not technology, This is technology. And that'll be $149.95. Please. 

Evidence of Technological Impact on Social Stratification. In their seminal volume on technology's effect on the 
social, Bernard and Pelto [2] reflected upon the introduction of sophisticated technologies in non-Westernized 
cultures: I) the introduction of snowmobile technologies in Lapp and Inuit cultures; 2) the introduction of 
hydroelectric power in Peru, through the Huaylas dam project; 3) introduction of a new sugar factory in Honduras, 
and 4) the introduction of irrigation in Yaqui culture. In each of these contexts, Bernard and Pelto found two 
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1
. tions regarding the nexus of class and technology. One, technology tended to exacerbate pretechnological, 

genera iza . h h . . ·1 d . . . h . t d . f h . omically-based class distinctions; t ose w o were m pnv1 ege pos1t1ons pnor to t e m ro uctton o t e 
socioe.con · · f h · d · h f h h 1 d 

h 1 Y 
were typically the sponsors or msttgators o t e mtro uctton, were t e owners o t e tee no ogy, an 

tee no og · · d d · 1 f'&'. f h 1 · 1 h were the dictators of how, when, ~nd ~y whom 1t was use . An two, soc ta e 1ects. o tee no _og1ca c . ange 
consistently led to increased str~t1ficatton: the haves now had more, and often reqmred the skills of a new 

managerial class to oversee therr .technology. 

The interpretive attributes of technology have also been evoked in contemporary Western social critique. Leo Marx 
[16] has commented on the_historic.al ~r~gression of the definitio~ oftec_hnological promise, a~ay from its 
Jeffersonian-era interpretation as prov1dmg greater access to quality of hfe for the masses ( or Technology as a 
means of Social Progress'1 toward a contemporary definition of technology as yet another commodity to be 
controlled by a manufacturer elite, albeit one with greater barriers to entry ( "Technology as an end to Social . 
progress"). McDennott [17] takes this argument one step further, describing Vietnam-era US society as dedicated to 
technology-for-technology's sake, its people invested in a program of keeping up with the Joneses through 
advertiser-instigated conspicuous consumption, while a military-industrial complex encourages a war that consumes 
technological product (war machines) for the sake of protecting yet other technological product (the oil industry's 
myriad products). Technology's effect on the social is not restricted to primitive peoples. 

CLASS AND TECHNOLOGY: 
EXPLORING THE NEXUS 

Once we've accepted that class is embedded in the notion of technology and vice-versa, what are the implications for 
study of these interrelated phenomena? 

Class and tJ,e Diffusion of Innovations. Is social class already incorporated into the study of the Diffusion of 
Technological Innovations? When one looks at the mountain of research focused on the typification of innovative 
consumers, the most common descriptors are arguably class-based. Consider the profile of innovativeness based on 
numerous studies as composited by Rogers [19] and Rogers and Stamfield [20]. The +'sand -'sin parentheses 
indicate correlation of the factor with trait innovativeness, a(+/-) suggesting mixed results across studies: 

□ Social c!,aracteristics. 
(+) Education, literacy, income and standard of living 
(+/-) Age 

□ Attitudes. 
(+) Knowledgability, achievement motivation, and educational aspiration 
( +/-) business orientation, satisfaction with life, empathy 

□ Social relations. 
( +) Cosmopolitanism, mass media exposure, and contact with change 

We can expect ~hose located in higher class positions to have more access to education (which supports aspiration), 
to be better educated (and thus more knowledgeable, literate, and capable of understanding mass media), to be 
cosmo_polit_e and, o~viously, to enjoy a greater standard_ofliving. Those factors untouched by class; such as age, 
~esul~ m m~xe~ findmgs. A more recent innovator profile, the Cognitive Innovator1 of Venkatraman and Price [22], 
identifies similarly class-based characteristics: 

□ Well-educated 
□ "Innovativeness may be socialized (p.311 )" 

Are innovativeness profiles inextricably linked to class? Have class-based definitions obscured innovative behaviors 
of the underclass? 

':f 0dels _of the Diffusi~n of Innovations. The classic Bass model [ 1] predicts the rate of diffusion based on the 
mteractton and relative rates of adoption by innovators (people who seek out new product) and imitators (those who 
consume new product after exposure to its consumption by others). This basic model has been modified [10 12 13 
14] · · ' ' ' many times to mclude marketer-driven decision factors. The model has been shown to effectively model the 

1 
Ven~atraman and Price identify two distinct types of innovators: the Cognitive innovator seeks out new 

experiences that stimulate thinking, while the Sensory innovator seeks out hedonic, thrill-oriented experiences 
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diffusion of more purely-utilitarian products, especially those which may be labeled discontinuous. But inclusion of 
class-related information may make the model more sensitive to the diffusion of products of non utilitarian 
distinctiveness (and therefore impacted by class interpretations. Are adoption and imitation rates constant across 
class? Trickle-down theories of the diffusion of fashion would suggest otherwise [21]. And as far as the estimation 
of imitation rates go, wouldn't reason suggest imitation rates among a given class fraction to be different,from those 
across class (an argument which I would suggest parallels the distinction between moduli of static and dynamic 
friction in physics)? 

Similar opportunities of applying class-based information exist for Threshold Models of diffusion (See Granovetter 
[7], Granovetter and Soong [8, 91). Originally used to predict riot behaviors, Thr~shold Models were eventually 
extended across other collective behaviors, e.g. diffusion of innovations, trial of an ethnic restaurant, residential 
segregation, or supporting a political candidate. The described nonstochastic process models the aggregate outcome 
(of diffusion) as a complex relationship among individual preferences for action (to adopt or not to adopt) based on 
the proportion and composition of the group having made that choice. For example, a riot will occur only when 
rioters of the right mix of propensity are gathered: there has to be at least one person who will riot regardless of any 
collaboration, another who'll riot if one other person riots, and so on. On a basic level with regard to the inclusion of 
class information, threshold models allow for consumer social heterogeneities, where Bass does not. In addition, the 
threshold model inay be able to model important class based-diffusion behaviors, such as reverse diffusion or "snob 
factor", where the upper class may begin.to reject innovations which have too broad an appeal. 

Class and Democritization of access to technology. Does Technological Capital prohibit the democritization of 
access to new technologies? Democritization of access to technology is a function of: 1) Whether a technology 
trickles down to a lower/the lowest class, 2) How quickly a technology diffuses to a lower/the lowest class, 3) 
Whether the technology addresses the needs of a lower/the lowest class, and 4)Whether a lower/the lowest class has 
a voice in the creation, modification, and style of use of the technology. An interesting example of a technology 
which begs the democritization issue is the Internet or World Wide Web: does the web create of classless "Virtual 
Community" as some would argue, or does it perpetuate of class distinction to yet another venue? While market 
research tells us that web user demographics are ever more diverse, does that mean a breakdown in the class 
dimension? Or have the less-advantaged surfers gained access too late to have a say in the .makeup of the virtual 
community? An interesting answer to this question came from a recent report of the HomeNet Field Trial [11], an 
experiment which provided internet access to subjects across a varied demographic profil,e, and tracked usage. 
While working-class, non-white, female subjects engaged in web use, even with equal access, they did not engage to 
the extent of their middle-class, white male counterparts: "socioeconomic barriers removed, white males still 
majority: white males ... have·created an environment most attractive to them" 

Technological Capitµl and variety-seeking. One interesting outgrowth of the Cultural Capital concept was a recent . 
study by Erickson [ 6]. Instead of looking for effect across an entire macro-social structure, Erickson studied a single 
workplace, a single private-sector organizational system (a large security firm. in Toronto), and measured success 
within the organization as a function of workers' use of cultural capital (ability to recognize and interpret cultural 
symbols of varying class status, including movies, sports, etc). She found that high-status culture is correlated with 
class, but excluded -- not used -- in the competitive private sector. Rather, the most widely useful cultural resource is 
cultural variety, or the ability to recognize, interpret, and communicate across many cultural categories and across 
categories of varying status. Our question with respect to the current topic is, does technological variety-seeking 
secure such positive social outcomes? 

CONCLUSION 

The contribution of this paper was not intended to be, and is not, a comprehensive view of the potential impact of 
class on the study of technological diffusion and change; the totality of innovation and change is beyond the reach of 
all research, let alone a short conference paper. Rather, its purpose is to suggest that a researcher's perspective on a 
core aspect of change -- TECHNOLOGICAL change -- both shapes expectations of that change, and determines the 
types of questions that we, the researchers of change, ask. Too often the questions of technology are focused on the · 
utility offered by the innovation, with no consideration of the choices behind the innovation. The previous 
paragraphs have, at the very least, shown some·me~ns of incorporating social choice into the realm of technological 
research~ . . • 
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ABSTRACT 
Employees' readiness for change to new information technologies is of obvious importance, although scarcely in

vestigated in the field of technology implementation. In the ,,Vienna implementation studies" effects of the imple
mentation of new information technologies on the user are analyzed in longitudinal research designs. The theoretical 
background of the studies is a contextual factor model emphasizing the importance of situational (implementation 
management, j"ob characteristics) and personal (gender, age, individual difference~) contextual factors for evaluating 
effects of the implementation of new information technologies. This paper deals with readiness for change in a con
textual factors' perspective. It was shown that employees' readiness for change _seemed to be determined to a higher 
degree by personal contextual factors (age, computer experience, Locus of Control, EDP-attitude) and to a lesser 
degree by situational contextual factors of the implementations of new information technologies. 

INTRODUCTION 
Today employees have to adapt constantly to technology-driven changes, i.e., the adaptation to advanced infor- · 

mation technology hardware and software at their workpiaces·. Implementation cycles are shortening, and imple
menting the new . technologies is becoming commonplace in numerous companies. Computer users therefore are 
confronted with "continuous" changes in information technologies. 

One user dimension obviously related to the implementations of new information technologies is the ,,readiness 
for change" among the users affected by an implementation of a new information technology. Although of an obvious 
importance, only few studies are found dealing with this subject. 

One of the first of these studies was made by Trumbo [l]. He investigated the readiness for change at work and 
found higher values in males compared to females, in those employees with higher qualifications and/or higher levels 
in job variability. On the other hand, an autocratic leadership style was accompanied by low values in readiness for 
change. 

Stone, Kemmerer and Gueutal [2] investigated employees' readiness for changes at work as a personal character
istic and found low values in this dimension related to a negative attitude towards information technologies. Cordery, 
Sevastos, Mueller and Parker [3] found age, goal orientation, perceived fairness at work and positive job attitude as 
sigajficant predictors of ,,functional flexibility", a comparable dimension to employees' readine~s for change. 

These and only a few other studies give hints about the importance of employees' readiness for change in relation 
to information technologies. A systematic investigation of this dimension in the context of implementations of new 
information technologies is not found in literature. 

THE VIENNA IMPLEMENTATION STUDIES 
. In the ,,Vienna implementation studies" [ e.g., 4-8] the impact of an implementation in the context of information 

technology · was investigated for effects on the employees concerned. A 'contextual factor model' of organizational 
changes formed the theoretical basis of those investigations. 

The model pos·tulates that the impact of organizational changes on employees and organization are determined by 
characteristics of the organizational change (e.g., the amount of change · and/or the adaptational demands required 
from the employees) on the one hand, and by the contextual factors of this change on the other. · 

In this context, a major distinction can be drawn between situational and personal contextual factors. Situational 
contextual factors relate to job ~haracteristics of the employees concerned (qualification demands, degrees of free
dom, job variability, etc.) on the one hand, and to features of the organizational change process itself (professional 

61 



qualities of project management, information and participation of employees, training ~haracte~stics) on the ?ther: in 
· the "First Vienna irp.plementation study", this nexus was specifically identified when mformat•~? technologies were 

introduced at the working place for the first time, showing that changes in more qualified positions. may lead t~ an 
improvement of the employees' situation whereas strain increases and satisfaction decreases for staff m less qualified 

· positions. Multiple empirical proof was furnished that employee participation is of major i~po_rtan~e as the most 
significant organizational change-related feature. A high degree of participation (both passive, 1.e. m the sense of 
comprehensive information on the changes, and active, i.e. in the sense of opportunities to participate and codeter
mine decisions regarding organizational changes) has a comparatively positive impact on employees while a lack of 
such measures resuits in mounting strain and low satisfaction. Evidence was also furnished of the importance ade
quate training has with a view to its impact on employees; at the same time, a lack of professional change manage-
ment produced negative ·operational effects [9]. · · · · 

At the level ·of personal contextual factors, personal characteristics (gender, age), attitudes (e.g., attitude towards 
electronic. data processing) and individual differences (e.g., locus of control) were investigated. For example, t~e 
gender effects discovered were found to result from differences between men and women within the situational con
ditions of the organizations. · 

In· the ,,Second Vienna implementation study", we investigated in addition to the strain and satisfaction of em
ployees also employees' readiness for changes at work as affected by the implementations and their contextual fac
tors. Results from that part of the study are presented here. We tried to answer the following questions: 

• Is employees' readiness for change affected by an implementation of new infonnation technologies? 
• Are effects of contextual factors of an implementation of new information technologies observable for the de-

gree of employees' readiness for change'? · 

METHODOLOGY 
A longitudinal design was developed to investigate effects of continuous implementations of new information 

technologies on t~e employees in the field of clerical work. Seven measurements were taken directly at the work 
places at a time_ interval of ~bout 5 .5 months over a 22 month period. Strain and satisfaction of the employees af
fected by these 1mplementat1ons were measured at all measurements; employees' readiness for change at two meas
ure~en~, before and after the implementations. Therefore, for this part of the study, two measurements from the 
long1tudmal study, one about 2-4 months ,,before the implementation" (ti), and a second measurement about 4-6 
months ,,after the implementation" (t2) ~e analyzed. ' 

Data collection occured between October 1994 and March 1997. 

Sample 
ria: The implementations o~ ne~ information technologies investigated in this study had to fulfill the following crite-

• Between 20 and 100 persons affected: The minimum number was defined to establi·sh · b.l 
& • • al 1 d 

1 
· groups sizes accepta e 

1or statistic ana yses an arge enough to guarantee the anonymity of the partici ants· the m · · 
was the upper limit for data collection and data handling. P ' aximum number 

• At least 8 hours of training per employee: A minimum training period of 8 h h Id b • h b h 1 d • ours s ou · e perceived as a 
c ange y t e emp oyees an excludes mmor implementations from the study ( 1 • 
installed software package). e.g., a new re ease of a previously 

• Previous installation of information te~hnology: Since continuoqs implementa · . . . 
zations and are the main focus of this s~udy' first-generation introductions were ::c~:::. today reahty m orgam-

The planned implementations of 18 companies fulfilled these criteri Aft • . 
and staff council repr~sentatives in these companies, approval was obtai~ed fr:mm:eungs WI~ the top management 
sample and gives informations about the implementation investigated: O comparues. Table 1 shows the 
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An ANOVA did not show any significant effects (sample [implementation/control]: F=0.03, p=.84; time: F=l.71, 
p=.19; S x T: F=0.99, p=.32). 

Therefore, the degree of employees' readiness for change seems not to be affected by the implementation of a 
new information technology itself. 

In the next step of analysis, potential effects of implementation characteristics and contextual factors of the im
plementations were analyzed by the way of two-factorial ANOV As. The following table shows the main results (only 
the implementation sample was included in these analyses): · 

Factor Fae.tor dimensions1 Factor Time FxT 
F-value (tl/t2) F-value 

F-value 
imvlementation characteristics 

adaptational demands on the users more/less than 8 hours training1 1.23 0.01 2.34 
improvements in user interfaces CUI/CUI (no); CUI/GUI (yes) l.30 1.04 1.47 

situational contextual factors 
information and participation high/low1 0.76 0.05 . 0.34 
orofessionalitv of project management high/low1 6.50* 0.56 1.12 
job characteristics more/less qualifiedi 1.50 0.10 0.39 

versonal contextualfactors 
_gender male/female 2.40 0.12 0.15 
age less/more than 34 years 1 18.5** 0.01 0.75 
total work load low/high1 1.11 0.08 0.33 
private computer experience yes/no 15.7** 0.09 0.23 

Table 3: Main results from ANOVAs regarding implementation characteristics and contextual factors of 
the implementations 

remarks: * ... p<.05, ** ... p<.01; 
1 
.. most of the factors were defined based on a median split of the respective ·scale. 

CUI .. character based user interface; GUI..graphical user interface 
2 

.• two job clusters resulted from a cluster analyses of job characteristics 

Employees in subsamples defined by a high profes~ionality of the implementation management show lower val
ues of readiness for change. On the other hand, higher values were found in younger employees and in those employ
ees with private computer ~xperiences. 

lets summarize these results: Younger employees and those employees with private computer experience show a 
higher readiness for change. A professional project organization is accompanied by generally lower values in this 
scale. Readiness for change seems to be a stable dimension: The implementation itself or the contextual factors of 
the implementation seemed to have no influence on this dimension. 

Possible effects of attitudes and individual differences (EDP attitude, Locus of Control) were analyzed by a step
wise hierarchical regression analysis. Table 4 shows the correlations of the predictor variables with the readiness for 
change-score at t 1 and the main results of the regression analysis: 
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Predictor Correlation with readiness 
for change at t1 

LoC: internality 0.20 
LoC: social externality -0.23 
LoC: fatalistic extemality -0.23 
LoC: self concept 0.26 
EDP attitude 0.41 

Dependent variable: 
Step Included in the analysis readiness for change at 

t2 (R2-chan~e) 
I readiness for chan2e (ti) 0.52** 
2 LoC-subscales. EDP-attitude 0.06**1 

· · I ti between Locus of Control and EDP attitude and readiness for change Table 4: upper section: corre a ons . . 
1 

. . 
. lower section: main results from a hierarchical stepWISe regression ana ysJS 
· remarks: •• .. • p<.01 • · r 

1 
.. Significant single predictors: EDP-attitude (Beta: 0, 15); LoC-fatabsuc extema tty 

(Beta: -0.15); LoC-self concept (Beta: 0.15) 

Locus of Control and EDP-attitude could be shown therefo~ to have not only noticable
1 

corre_lations with the 
readiness for change score, but also significant effects for the amount of changes of employees readmess for change 
during the implementations. . . . 

Lets conclude these results: An increase of employees readiness for change as an effect of an tmpl~mentatzon of 
new information technologies is to be expected when a positive EDP-attitude and low external loC ts observable 
before the implementation. . . 

When one takes funher into consideration that on one hand effects of age and pnv~te_ computer e~pen~nce were 
observable and on the other hand only weak effects of the implementation charactenstzcs and the s,tuatzonal con
textual factors of the implementations were found, it seems plausible to argue that employees' readiness for change 
is influenced mainly by personal and to a far lesser degree by situational factors. 

DISCUSSION 

The scale ,,employees' readiness for change" developed for this investigation shows satisfying statistical charac
teristics. A use· in further investigations can therefore recommended. The implementation of the new information 
technologies did not affect the readiness for change of the employees, although, as expected, some effects of the 
contextual factors of the implementations, were found. · 

Readiness for change of the employees seems to be a quite stable attitude: Not only the implementations of the 
new information technologies, but also most of the situational contextual factors of the implementations did not show 
to have significant effects on this dimension. Although, strong relations were found between personal characteristics 
and the general level of employees' readiness for change. If one summarizes these results; the employees with a high 
degree of readiness for change with regard to .new information technologies seem to be the younger ones, those with 
private computer experiences and/or persons with generally positive attitudes towards information lechnologies 
and/or an internal locus of control. 

In good concordance with the few studies found in literature [e.g., 2, 3) we found therefore that employees ' 
readiness for change seems to be m~stly influenced by personal characteristics of the employees. . 

If one talces into account that age differences with regard to information technologies could be interpreted in our 
days of ~e wide-spread use of the_se tech~olo~ies as the diminishing effects of an earlier generation of employees, 
not used from the _begmnmg of the,r _workmg ltve to these technologies, and also the positive effects of private com
puter use on readmess fo_r change, 1t _1s plausible _10 argue that employees' readiness for information technology
related changes at work will generally mcrease wnhm the next years. 

On the level of situati~nal contextual factors, only ~ne quite unexpected general effect on employees• readiness 
for change was observable. _Employees m those companies where the implementations could have been described as . 
highly profess1onally orgamzed show a smaller degree of readiness to\vards change compared to employees in com-
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panies where the implementations were less-professionally organized. In concordance with results from one of our 
interview studies [7] one could speculate that a highly professional project management talces to a higher degree 
oroanizational interests and only to a lesser degree the interests of the employees into consideration. 
~ Comp~ed to the strong effects of situational contextual factors of implementations of new information technolo

oies we found on strain and satisfaction of ·the employees [8], employees' readiness for change seems to be much 
~ore less influenced by thes·e dimensions. 

Therefore, based on the data of our longitudinal study, employees' readiness for change in the context of infor
mation technologies seems to be a relatively stable personal dimension, influenced mainly by a general attitude to
wards information technologies and previous (private) experiences with these technologies. 
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ABSTRACT gh the. · 
Technological innovations exert a powerful influence on our social and material lives trou rr ~ntinuous 
revolutionizing of work as well as their capacity to transfonn ideas into products for~ consumption. A co~rn, 
however, is whether the "free-time" from work created by technology may ever be enJoyed by most when conspicuous 
consumption is elevated to the status of a modem proxy for~-

This paper explore~ the social psychology of happiness and discusses the potential for an uncontrolled pursuit of 
consumption leading to a reduction in leisure, the qualitative aspect of"free time" as the ultimate promise of technology, 
and on which shoulders rest contentment and quality of life. 

l INTRODUCTION . 
Leisure has been defined both quantitatively as the "free time" left over after work, and qualitatively as the activities 
people elect to engage in during their free time (lso-Ahola, 1977). She argues that this double perspective ( objective and 
subjective) is important since without free time a person cannot have leisure. Further, it recognizes the fact that, from an 
economic ability standpoint, work is necessary for people to live and afford to engage in leisure activities, at least for 
98%ofthe U.S. population. 

Voluntaiy leisure has always been important to people throughout the ages. Though we tend to think of the lives of 
primitive people as harsher than ours, anthropological research bears ample evidence to the contnuy: 

'1n fact, primitives do little work. By contemporary standards, we'd have to judge them extremely lazy. If the Kapauku 
of Papua work one day, they do no lab'or the next. !Kung Bushmen put in only two and a half days per week and six 
.hours per day. In the Sandwich Islands of Hawaii, men work only four hours per day. And Australian Aborigines have 
similar schedules". 

Schor (1991). 

G~k p~o~hers such as Aristotle even ta~ght that leisure was a state of mind free of labor, a state of mind.where 
leISUre activities should be _perfonned for~ own sake (de Grazia, 1962). In short, the Aristotelian philosoph viewed 
work as only a means to leisure as the final goal. y 

Indeed the trend since the industrial revolution has been toward fewer work hours This chan· oed, ho ~ n · the 
Second W Id W hen the U S . . c wever, 1.0 owmg 

or arw .. started to deviate from WestemEnmnP 'T'othepo' t he · tha Ame · will be · the . -..,.,... J.' m w re some now estimate t 
ncans . ID • near future_~ as much time working as they did in the 1940' s (Owen, 1986- Schor 

1
1 ~ 1 ). Desps h1~ laparadobor ~ocalns(champl •~rung a shorter work week, it seems a recent trend has been toward a reductio~ in 
eISUre. UC IS XI at east ID appearance) since productivity growth in the u s thanks ' . 

advances, has occurred almost every year since the late 1940 the . · ,, to technologtcal 
now be taking every other year off from work-with pay ... (Sc~;r, 1:.~ where "every worker in the United States could 

What is behind this time-squeeze? Will the masses ever move from en· · · 
time from work technology could potentially creat ? The goymg.)Ust the products of technology to the free 
with declining leisure in an attempt to better~~ paper explores the paradox of technological progress 
1991). The approach is multidisciplinary and integrative : ~menon of"the overworked American" (Schor, 
social psychology. ' g · ytical tools from economic theory, sociology, and 
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n. TECHNOWGICAL INNOVATION, ECONOMIC GROWTH, AND LEISURE 
Toe Harrod-bomar model (Harrod, 1939; Domar, 1946) and the two-gap model (McKinnon, 1964; Chenery and 
Strout, 1966) with their focus on capital accumulation and foreign exchange have influenced many macroeconomic 
growth models. Recently, however, a new approach which emphasizes the endogenous accumulation of 
disembodied knowledge has taken center stage. According to this New Growth Theory (Grossman and Helpman, 
1993), in contemporary economies, growth is highly determined by innovation (i.e. technological innovation), 
innovation is fueled in tum by competition, and competition is spurred by international trade. 

This new approach, which emphasizes innovation -and competitiveness clearly demonstrates that productivity is the 
path to gr9wth. A contemporary verification of this linkage, is the current booming U.S. economy. Today, more 
than two thirds of American adults are in the labor force. That's the highest participation rate ever. And still there aren't 
enough good people to satisfy employers. According to Ken Goldstein [An Economist for the Conference Board], "In 
some parts of the country just about anyone who can breathe and is ambulatory has a job-and in some cases they 'II 
make exceptions. ,, The current economic expansion has been going on for so long now that few people under the age ot: 
say, 28 have faced a downturn during their working lives [Fortune Magazine, March 16, 1998]. The booming economy 
has put an upward pressure on wages and created mind4x>ggling distortions. Indeed "in some fields, the labor crunch is 
so severe that new young hires earn more than senior people at their company ... " and that "now that $10,000 to $20,000 
is a common signing bonus for a MBA student" [Fortune Magazine, March 16, 1998]. 

Ill BACKWARD-BENDING LABOR SUPPLY (BBLS) CURVE HYPOTHESIS 
One of the intriguing subjects in microeconomics is the factor supply question: that is how much each factor of 
production (labor, land, capital) will be offered for sale at varying price levels? Regarding the specific i~e of labor, a 
backward-bending supply curve has often been proposed. Proponents (Bowden, 1992) argue that as wages increase, the 
substitution effect is expected to be greater than the income effect: that is individuals may be induced to work more, 
work overtime, forego vacations. But when wages get high enough, the income effect should dominate: that is 
individuals are likely to cut down on their work time to enjoy all the goods they can buy with these high wages. 

Economic conditions currently exist for the BBLS curve to manifest through a reduction in work and an increase in 
leisure. The U.S. economy has been so strong for the past several years that, every American worker could now be 
talcing every other year off from work-with pay (Schor, 1993). Curiously, however, the substitution effect of wage 
increase still dominates the income effect. Americans have not mas&vely chosen leisure over work, even though 
technological innovation bas predictably (1) helped the U.S. economy grow for several years in a row with very little 
inflation, and (2) increased average worker output,. productivity and wages. This makes one wonder of the role played 
by Americans perception of the importance of leisure. 

IV. PURSUIT OF CONSUMPTION, AND DECLINING LEISURE 
A. The Social Psychology of Leisure: Leisure is generally defined as pleasure, or avoidance of pain. Historically, and 
owing to America's puritanical roots, work has been attnbuted a cathartic value while leisure has long been equated with 
~ by many: 

''Most Americans who complain they enjoy too little leisure are struggling 
to find a few minutes to watch Oprah Winfrey and LA. _Law. ,, · 

[Gaiy Burtless, Economist], Wall Street Journal, 1990. 

There is evidence to suggest, however, that this puritanical cloud has largely faded, especially for the younger 
generations·[FortuneMa~, March 6, 1998]. Which leads to the central question in this inquiry: if productivity is 
growing (helping the U.S. economy to grow, and pushing average wage up), why isn't there more demand for time off 
from work, and more leisure? Why is the American still oveiworked? 

B. The Social Psychology of Happiness: The inability of economic theory to fully explain the paradox of increasing 
~ges with non backward-bending labor supply curve, underscores the need to turn to other disciplines. In this quest, it 
15 ~ that people will seek what they value; that is what makes them happy. Indeed, the pursuit of happiness is so 
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important in the U.S. that Jefferson included it in the Declaration of Independence through this eloquent and 
revolutionaJY ~ge: · 

"We hold these truths to be self-evident, that all men are created equal, 
that they ore endowed by their Creator with certain unalienable Rights, that_ 
among these are Life, Liberty, and the pursuit of Happiness. " 

[From Text of the Declaration of Independence] 

Could it be that Americans do not value leisure enough to pursue it as an expremon of their happin5? Or is it that they 
value something else more, to the point of partially sacrificing their leisure to it? To explore these issues, two ·pilot 
surveys were administered to two separate groups of students with for objective to uncover their happ~ values. 
Following Haavio-Mannila's (1971) lead, the first (multiple-dloice question based) survey asked respondents to indicate 
their CUrrent and future (ideal) central source of life satismction. The answers (future/ideal) show that Home, Family 
Life was first, Leisure Activities came in second, and Occupation, Work, thinl 

Table 1: Central Source ~Life·Satisfaction by Demographic Characteristics 

[currently] [in the future] 
Single Married Single Married 

Home, Family Life 1st 1st 1st 1st 

Occupation, Work 3rd 2nd 3rd 3rd 

Leisure Activities 2nd 2nd 2nd 2nd 

[currently] [in the future] 
Male Female Male Female 

Home, Family Life 1st 1st 1st 1st 

Occupation, Work 3rd· 3rd 3rd 3rd 

Leisure Activities 2nd 2nd 2nd 2nd 

Note: Male=20 Female= 14 

More revealing was the second, open-ended survey questionnaire asking . . · 
what happ~ represented to them. This UDSlructured fonnat was . respondents !~ desa:1be, 10 therr own words, 
social cliches of happ~ (apparent in the first survey) on the part (lemented to Illltigate,. if not defeat, expre~ons of 
preoccupation with consumption and a tendency to view material O l'CSJ?Ondents. _The find.in~ clearly indicate a 

posses.gons as ultimate expression of happiness. 

Table 2: Varying Representations of Happiness by Gender 

Female Male 
Money/Wealth = 92% 97% 

Material Possessions = 89 93% 

Family/Relationships 52% 24% 
Children 

Travel =7% 2% 
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Other = 5% 11% 

Note: Male=17 Female=20 

C. Pitfalls of Consumerism and Consumption as Happiness 
More troubling in the second survey was the almost caricatural definition of happiness by one respondent affinning that 
''I'm most happy when everybody else around me is unhappy!" Exogenous representations of happiness, even when 
they are not this extreme, will still make their holders wlnerable to the vicious circle of work-and-spend. As emerges 
from the second survey, happ~ has become an ever moving target for most New gadgets must be had 
Unfortunately, this leads to. more work-t~-and-spend, because the new gadgets of today are inevitably the old 
products of tomorrow. 

From a supply standpoin~ capitalist enterprises have often been accused of designing products which have un
economically short lives (Bulow, 1986; Coase, 1972). Recently, a logical argwnent has been proposed to explain that 
behavior while challenging the view that companies ad that way to force consumers to buy frequeqtly. According to 
Fishman, Gandal, and Shy ( 1993), planned obsolescence may be a necessary condition for technological progress itself 
to occur. They explain that rapidly deteriorating products (fast innovation) are preferred to long lasting ones (slow 
innovation) because any innovator enjoys only a temporary monopoly period to recoup on product R&D costs. Products 
that are too durable would take away from the incentive to invest in R&D, causing the economy to stagnate. 

Whether one believes in a "planned obsolescence" conspiracy or a ''technological progress" imperative, the fact is that 
fast innovation has become a reality in today's marketplace; the gadget of today will be inevitably replaced by the new
and-improved gadget of tomorrow. As a consequence of increased innovation from the supply side, consumers may 
really never possess the "latest thingamajig." More importantly, attempt to do so will force them into ever escalating 
expenditure patterns and the subsequent increase in work to pay for those gadgets ( cash or credit). Which may explain 
{this, more than anything may explain} why leisure has been declining in the U.S. 

Besides planned obsolescence, happi~ may also become an elusive target due to current entranched social emulation 
patterns. One is bound to trade long work hours for more consumption because of the arms race effect inherent in 
'~eepingup with the Jones'. In the words ofButler (1989) and Schor (1993): 

"First, it was the couch, the quieter street, and the vacation cottage. 
Yet happiness turned out to be elusive. Today's luxuries became tomorrow's 
necessities, no longer appreciated When the Joneses also got a new couch 
or a second home, these acquisitions were no longer satisfying. Consumerism 
turned out to be full of pitfalls-a vicious pattern of wanting and 
spending which failed to deliver on its promises. " 

[Butler, 1989] 

"Over time, keeping up with the Jones become a real trap-- because the 
Jones also keep up with you .... It's not ea.sy to get off the income 
treadmill and into a new, more leisured lifestyle. Mrs Smith won 't do it 
on her own, because it 'II set her back in comparison to Mrs. Jones. And 
Mrs. Jones is just like Mrs. Smith. They are trapped in a classic 
Prisonner's Dilemma:. both would be better off with more.free time; but 
without cooperation, they will stick to the long hours, high consumption 
choice. _We also know their employers won't initiate a shift to more 
leisure, because they prefer employees to work longer hours. " 

[Schor, 1993] · 

V. CONCLUSION: 
As we p~e individual achievemen~ status and happiness, Sahlins (1972) and Veblen (1957) at least remind us of the 
inevitable time-squeeze consequences: 
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" .... The key to understanding why these 'stone age peoples'fai/ to act 
like us-increasing their work effort to get more things _is that they 
have limited desires. In the race between wanting and having,_ they have 
kept their wanting /ow-and in this way, ensure their own kind of 
satisfaction. They are materially poor by contemporary standards, but in 
at least one dimension-time-we have to count them richer. ,. 

[Marshall Sahlins, 1972] 

'1n primitive, predatory societies, competition is not between individual 
members of a particular group but between the group and its enemies. War 
booty and trophies serve as tangible evidence of prowess and as primae facie 
evidence of successful aggression-aggression itself being recognized as the 
principal source of status. However, status is seen as a collective attribute 
and the possession of trophies tends to be group or tribal possession 
rather than intended to reflect on any one member's individual status. 

[Veblen, 1957] 

When happin~ is made to be a moving target (i.e. equated with conspicuous consumption or parody display), the above 
discussion suggests that leisure becomes the first casualty. Happiness should be from within, not from without, as it 
doesn't have to do with possessions. In fact one doesn't even have to do any specific thing or own any specific object to 
be happy. One just has to be happy. 
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ABSTRACT 
An important problem in the airline industry is to decide when·to close down low price fares in hopes of selling 
these seats at higher prices. This paper surveys models for making this decision. 

L INTRODUCTION 
It is common practice for airlines to charge several different fares even for the same seat pool. A passenger who 
pays a higher fare has more flexibility while one who pays a lower fare has more restrictions. For example, a 
passenger who pays a lower fare may be reqµired to fly during the middle of the week, include a weekend in the 
trip, or fly late at night. On the other hand, an airline may use different fare levels as a device to raise fares when 
demand is high and to lower them when demand is l9w. The reason this practice can exist in a competitive 
environment is that the airline industry is highly capital intense. Specifically, the marginal cost of carrying an 
additional passenger is very low, while the fixed cost of a flight is extrem~ly high. Hence each passenger need 
only cover his marginal cost, but all passengers together must cover the fixed costs. A single fare class would 
allocate these fixed costs equally among all passengers, while multiple fare levels result in an uneven allocation. 

There are two basic types of seat management problems. In the first type, passengers for the different classes use 
different sections of the aircraft. An example of this is when the fares are first class and coach. In the second type, 
passengers for all fare classes compete for the same seats. 

When passengers for different fare levels use different sections of the aircraft, the seat ~gement problem is to 
partition the airc;raft into a fixed number of seats for each class. Different partitions require different cabin · 
configurations which cannot be adjusted on short notice. Consequently in the first class-coach case, if the first 
class section is filled and the coach section is not, one would be in the position of rejecting higher fare level first 
class requests while at the same time accepting lower fare level coach class booking requests. Buhr(l982) 
addresses this problem for the two segment case with two fare levels for each itinerary. For the multifare, multiage 
case, Wang (1983) and Wollmer (1988) use a marginal analysis approach while Jessop (1985) uses Lagrange 
multipliers. 

When pas~ngers for different fare levels compete for the same seat pool, one would never be in the position of 
accepting booking requests at a_ lower fare level while at the same time, rejecting booking requests at a higher fare 
ievel. Therefore seats are allocated in a nested manner in that if booking requests are accepted for fare level m, 
booking requests are also accepted for all fare levels that are higher than fare class m. 

When seats are all~ted in a nested fashion, each fare class may be assigned an authorized level. The authorized 
level for fare class m is the maximum total number of bookings allowed class m and all classes with lower fare 

· prices than class m. · The authorized level is an increasing function of the fare price and the authorized level for the 
_class with the highest fare price is the total number of seats on the aircraft. Alternatively each fare class may be 
assigned a critical value. If the number of empty seats is above the critical value for fare class m, booking requests 
for fare level m are accepted, while if the number of empty seats is less than or equal to this critical value, booking 
requests for fare level m are rejected. The critical values are a decreasing function of the fare price and the critical 
value for the highest fare price is zero. · · -

n ASSUMPTIONS FOR SINGLE LEG MODELS 
This paper will survey single· leg models. Two assumptions will be made. The first is that all classes compete for 
the same seat pool and the second is that lower fare classes book first. The second assumption is often mandated 

72 



by airlines by imposing adv~~ booking r~uire~ents for pas~n~ers for the lower far~ levels. When this 
occurs, assigning class m a cntical value k,,, 1s eqwvalent to ass1gmng class m an authonzed level of n-k,,, where n 
is the number of seats on the aircraft_. For purposes of analysis, the critical value approach is the better one since 
the critical value is independent of the size of the aircraft. · 

Demand for fare level m is discrete and assumed to be known. Often demand is assumed to approximate a 
continuous distribution such as the normal. In this case, the probability the demand equals k is the probability that 
the continuous random variable is betweenk-112 and k+ ll2for k>O, and the probability the demand equals zero is 
the probability that the continuous random variable is less than 112. In order for the continuous random variable to 
-be a valid approximation, the probability of it being less than minus 112 should be extremely small. Furthermore, 
the moments of the discrete random variable are usually less than those of the continuous random variables they 
approximate. 

Demand is expressed in terms of future bookings only. Thus, if five passengers are already booked, a demand of 
three would bring the booking level up to eight. While future bookings could depend on current booking levels, in 
most cases it could probably be assumed that it is a function solely of the remaining time to departure. 

m THEMODELS 
Let r,,, be the revenue and D,,, be the demand for fare level m. Assume the fare classes are numbered such that r1• 

> r1 > ... > re where c is the number of fare classes. Let Z,,, (n) be the expected revenue under an optimal policy if 
there are n empty seats on the aircraft and reservations may be accepted for fare classes l, .. . ,m only and t::Z,,, 
(n)=Z,,, (n)-Z,,, (n-1). That is, IYZ,,, (n) is the marginal value of the nth seat if reservations are restricted to fare 
classes 1, ... ,m. If reservations are accepted for fare class 1 only and their are n seats available, the revenue will be 
jr1 if the demand equals j<n and nr1 if the demand is greater than or equal to n. Therefore Z1 (n) and t::Z1 (n) are 
given by equations (1) and (2) below. 

(1) Z1(n) = r1{nP[D1~] + 1:0
-
1 JP[D1 = /]} 

j-0 

Equation (1) specifies that the revenue equaisjr,,, ifD1 < n and the revenue equals nr,,, ifD1 ~ n. Equation (2) 
merely reflects the fact that the revenue from the nth seat is r1 if D1 ~ and zero if D1 < n. 

i. Two Fare Model 
Littlewood (1972) showed that a fare class 2 request should be rejected if (3) below is satisfied and accepted 
otherwise. · . 

The rational is that the revenue from the ntlt seat is r 2 if a class 2 request is accepted while the expected revenue of 
the n

th 
seat is AZ1 if it is rejected. Note that ~ 1 (n) is non-decreasing in n. Consequently there exists a k2 such 

that (4) and (5) hold. 

(S) r2 ~ AZ1(n) = r1 P[D1 ~ n] for all n ~ k2 +1 

Hence an optimal policy .is to reject a class 2 request if n ::5: k2 and accept such a request if n > k2• 

ii. The Multi-fare Model 
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An optimal policy and an algorithm for computing the maximum expected revenue Zm _(n) for m>2 was developed 
by Wollmer (1992). If ~m-t (n) is non-increasing inn then there is a km such that (6) and (7) hold. 

(7) rm~~-• (n)foralln~km+ 1 

Consequently an optimal policy would be to reject a class m fare request if n.~ km and to a_ccept such a request 
otherwise. Equivalently, a class m request is rejected if rm < A'Zm-1 and accepted if rm ~ A'Zm-t • Note that this would 
not be the case if A'Ln,.1 were riot non-increasing inn. Specifically, suppose A'Z3 (7) < r4 < A'Z3 (8). Then it may be 
optimal to accept a fare class 4 request when n=8 in hopes of receiving another fare class 4 request with n=1. 
Wollmer (1992) shows by induction that A'Zm(n) is non-decreasing inn and from this derives the computation of 
Z,,,(n). Consequently there is such a km . . Let S be the number of seats on the aircraft. The algorithm for finding 
Zm(n) and A'Z,,,(n) is as follows. 

Algorithm For Finding Zm {ru 
1. Set A'Z1(n) = r1 P[D1 ~ n] and Z1(n) = l:0 A'Z1(i) for n=l, ... ,S. 

i-0 

2. Setm=2. 

3. Find k,,, = [max n I rm< A'Z,,,.1 (n)]. 

4. For n ~ km set Zm (n) = Zm-1 (n). 

5. Setj=l and Z = Z(km). 

6. Set Z = Z + r~[D,,, ~} ]. 

j-1 

7. Set Z(k,,, +J) = Z + I:i-o AZ,,,_1(k,,_, + J-l)P[D,,, ~ i] 

8. Set A'Z(km + }) _= Z(k,,, + J-1). 

9. If k,,, + j = S. go to step 9. Otherwise increase} by 1 and go to Step· 6. 

10. If m=c, terminate. Otherwise increase m by 1 and go to Step 3. 

iii. The EMSR Model 
The Expected Marginal Seat Revenue (EMSR) model by Belobaba (1987) finds an approximation to an optimal 
policy. Specifically, it finds It,,, as an approximation to k,,, as follows. Let /t1 = k1 = Q and /t2 = k2• For m>2, let 
It',,,, be the number of seats that would be allocated to fare class 1 by the two-fare model if tlie two fare classes 
were 1 and m. Then let It' 2,,, be the number of seats that would be to fare class 2 by the two fare model if the two 
fare classes were 2 and m. Similarly find ltJm forj=3, ... ,m-1 and then add all these to get It m• Hence, forj<m 

(8) lt'jm = {max n I rm< rj P[Dj ~ n]} and 
m-1 

(9) It m = ~-1 /t'j,,t• • 

IV. APPLICATION 
While con~ting for McDonnell Douglas, Wollmer (1992) found the expected revenue for the optimization model 
and approximated the revenue for the EMSR model for data that was normally distributed. In some cases the 
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approximation to the -expected revenue for the EMSR model exceeded the actual expected revenue for the 
optimization model. . Therefore, simulation was used to find the expected revenue from the allocations given by the 
k,,, •s of the optimization model and the allocations given by the It m's of the EMSR model. In some cases the It m's 
differed significantly from the true km 's. However the expected revenues were extremely close to each other. The 
simulations were run with several seeds. All seeds correctly gave a slightly higher expected revenue for the 
optimization model. However ~e results were so close that the expected revenue given by the EMSR model for 
one seed actually exceed the expected revenue that another seed gave for the optimization model. . 

Since deregulation many airlines use a hub-and-spoke system for scheduling flights. In such a system, a passenger 
is flown from his origin to the hub and then from the hub to the destination. Hence a flight into a hub may serve 
~ngers for many destinations and a flight out of a hub may serve passengers for many origins. In some cases a 
single leg may serve 30 different markets. This makes the optimization problem extremely complex and 
impossible to solve. Consequently some heuristic techniques need to be used. At American Airlines they use a 
technique called virtual nesting developed by Smith and Penn (1988). In virtual nesting fare classes are 
aggregated into a smaller number of fare classes called buckets. A fare class is available if the bucket it is indexed 
to is available. An excellent discussion of this is given in Smith, Leimkuhler, and Darrow (1992). 

V. CONCLUSION 
This paper has discussed three different models for determining when to refuse a reservation request in hopes of 
selling the seat at a higher price when lower fare classes book first. The first of these was the single leg two-fare 
case. For the single leg multi-fare case an optimization model and an approximation model were discussed and 
compared. It was found that while the two models often result~ in radically different decisions, their expected 
revenue were not significantly different. In practice, airlines use a hub-and-spoke network in which a single leg 
may serve many origins or destinations. This makes optimization impossible. American Airlines handles this by 
using an aggregation technique called virtual nesting. 
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. ABSTRACT 

Minimizing Idle Time of Job Scheduling Problem 
"A Comparative Study" 
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The objective of this paper is to illustrate a comparative study of minimizing the maximum completion time . 
minf max , or makespan time, and machine idle time using five heuristic scheduling techniques. The five methods are; 
Minimize Idle Time; Campbell, Dudek and Smith, (CDS); Palmer, Nawaz; and Kattan. An example problem with 
tenjobs and five machines is used to compare these five methods. The best schedule obtained by each method is 
graphically presented in tables and Gantt Charts. Several diverse problems were tested by implementation of these 
methods to check the validity of the output The results from these tests show that Kattan' s method gives the lowest 
machine idle times, makespan time, and many alternative solutions. Palmer's method gives the lowest machine idle 
time but with relatively high makespan time. Although, Nawaz method's have slightly higher machine idle time, the 
makespan time is much better. However, the distribution of processing time may effect the outcome. Depending on 
the manufacturing environment and costs associated with machinery and/or the production volume, the total product 
cycle times, more than one method should be used. Palmer, Nawaz and Kattan method could be used as efficient 
heuristic methods to find the minimum idle time and completion time of the unit 

1. INTRODUCTION 
The job shop scheduling problem has been studied extensively over the past several decades [ 1-4] . There are many · 
scheduling algorithms such as integer and dynamic programmirtg, application of graph theory and neural networks, 
and other heuristic approaches such as branch and bound developed for general job shop applications [5-9]. 
Regardless of which methods have been used, one of the ultimate objectives is to determine the job sequence such that 
the makespan time (minFmax) and machine idle time are reduced. Efficient job scheduling will help to improve 
machine utiliz.ation in two fold; first by reducing machine idle time and the completion time of the product, and 
second by balancing inter~ll workload. The idle time of any machine is considered the time when a machine is 
available and waiting for no job. When the machine has completed all tasks and it is ready to perform other tasks, 
but there is no assignment for using the machine, so the machine is not utilized and considered being in idle 
condition. To solve such problems with an optimum scheduling, a detenninistic approach is to try all possible 
schedules, (n!)m , and find the best solution. This is a NP-hard problem. For example, the scheduling of n parts on m 
machines, when m and n become large, is a non-polynomial, NP-hard problem. Hence, mathematically the problem is 
not feasible even with today's computer capability. Therefore, an approximation algorithm, or a heuristic method is the 
choice for efficient solutions. These heuristic methods have been developed to obtain close to optimum sequence of n 
parts on m machines. However, in real industrial applications, it is irrational to use a generic heuristic approach in 
solving such dynamic and diverse situations where the distribution of processing time may lead to the creation of 
extreme cases. Hence, many experimental tests on widely diverse cases have been carried out for scheduling problems, 
where m is a large number. These results indicate that more than one method should be employed to generate several 
alternative solutions. An approach may be appropriate for one particular case but inappropriate for another type of data 
distribution. In addition to the proposed methods, several other rules should be used to create alternative scheduling 
solutions. 

2. MULTI-GROUP TECHNOLOGY CENTER 
Job Scheduling is essential for machine selection and machine utiliz.ation. One of the objectives in manufacturing 
optimization is to allocate a limited amount of resources to a set of certain tasks such that cost functions are minimized 
and to increase the overall flexibility and perfonnance of the systems operation. The idle time of job scheduling effects 
~e facilities layout design, the flow of materials, the machine utiliz.ation, and the overall manufacturing costs. The 
~ustrial experience of job scheduling has shown that grouping similar parts into a family and corresponding machines 
mto a Group Technology (G1) cell, tends to reduce the complexity of the scheduling problem. The performance of GT 
cells can be improved by transferring and balancing the workloads from a congested (bottleneck) machine in one cell to 
an alternative one, (a less congested machine) in another cell within a group of GT cells. Moreover, this could be utilized 
to fonn a Multi-Group Technology (MG'I) center. · 
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Machine utilization in a MGT center is essential for production system in which the parts are assembled and made into 
the final product as the unit progresses from workstation to the next The first step in Kattan's method is fonning a 
number (k) of MGT centers. The complexity of the scheduling problem could be reduced by decomposing all parts into 
n1c family parts and the machines into ffilc machines for generating k MGT centers. The arrangement of the facilities for 
each center will be designed according to the sequence of the ·manufacturing processes of each family part, while 
maintaining the flexibility of the center. The grouping the machines and balancing the worldoad problem is subject to 
technological and capacity constraints of the machines in the MGT center. There are a number of criteria for loading and° 
balancing in MGT center. Balance the assigned set-up times and machine processing times. Minimize the number of 
movements from machine to machine. Balance the worldoad per machine for~ system ofMGT. Finally, fill the tool 
magazines as densely as possible for more divers manufacturing operations. The MGT center enables the facilities to be 
arranged in a proper shape while maintaining a smooth production flow a family parts. Also, decomposing the 
production system into a number of MGT centers, as an independent subsystem, will insure smooth production and 
reduce the complexity of the scheduling problem (10-15]. 

3. GENERAL DESCRIPTION OF THE MEfflODS 
The following procedures are employed to find and compare machine idle time and makespan time for five heuristic 
methods using a numerical example: 
• Collect the data for set-up time and processing time of each single job. The example consists of ten jobs and five 
machines, given in Table 1. 
• Use a spreadsheet for the given fonnulas of each method, and calculate job sequencing per machine. 
• Calculate the idle time and makespan time for all alternative solutions. · 

· • Select the best job sequences obtained by each method. 
• Plot the Gantt chart for the best schedule and find the makespan time and machine idle time. 
• Enter the value for machine idle time and makespan time for individual tables corresponding to each method. 
These tables were used to calculate total percentage of machine idle time so comparison could be made among these 
methods. The summary of the results of the best scheduling assignment, machine idle time, and makespan 
completion time of each method presented in Table 3. 
The procedure of each method will be summarized due to the scope of this study. For more detail the reader should 
refer to Sule, (23]. The five methods used in this case study were: Minimize Machine Idle Time; Campbell, Dudek 
and Smith, (CDS); Palmer, Nawaz; and Kattan (13,23]. 

3.1 Minimize Machine Idle Time, MIT's Method 
1. List the processing time for each job and machine in a matrix fonn as shown in Table 1. 
2. .Find the sum of the processing time for all jobs in each machine. 
3 ~ Arrange the jobs in ascending order by their sum of processing time. 

· 4. · Schedule the jobs with the minimum sum in the first position and calculate its completion time for eachjob. 
5. Select the three jobs with the next minimum sums of processing times and list them in an iterative table. 
6. Test the new list of the job and develop new schedule with its completion times. 
7. Calculate the machine idle time for each of the tested jobs. 
8. Insert the job with the minimum idle time into the optimal sequence assignment 
9. Continue to bring next jobs into the pool . If all jobs are scheduled, stop. 

3.2 Campbell, Dudek, and Smith, CDS's Method 
· This method is based on Johnson's rule. The following were used to obtain a solution close to the optimum: 

1. Generate two machines (A and B) using Johnson's rule, by converting them machines into (m-1) pairs. 
2. Implement Johnson's rule, scheduling n parts on two machines for all (m-l)pairs scheduling-options. 
3. Select the best schedule, one with the minimum makespan time among all options. 
The idea is to .progress by scheduling jobs requiring short times first and the longest jobs last (23 ]. 

3.3 Palmer's Method . 
This method is based on a slope index(Sj), Th~ priority is given.to jobs having.the strongest tendency to progress 
starting with short times to long times sequence ( 1 ]. . · 
l. Calculate the slope index using the following equation, where Pji is the processing time: 

Sj = (m-1) Pjm +(m-3) Pj(m-1) +(m-5) Pj(m-2) + - (m-5) Pj3 -(m-3) Pj2 - (m-1) Pjt 
2. Construct the sequence based on the descending order of the magnitude of Sj ~as shown in Table 2. 
3. Insert the Jobs with the shortest times first and the longest time being scheduled last 
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J.4 Nawaz's Method 
This method describes a heuristic that is easy to construct and gives good results in most cases. It does, however, 
construct a number of schedules that need evaluation, so it can be time consuming and infeasible for large n and m 
[23]. The steps are: . . · . · 
1 List the processing time for each job and machine in a matrix form as shown in Table 1. 
2 Find the sum of the processing time for all jobs in each machine. 
3 Arrange the jobs in ascending order by their sum of processing time. 
4 Select the first two jobs (lets say job a and job b) ,there are two schedules for these two jobs (a-b orb-a), select 

the schedule with the smallest sequence time( lets say b-a is the smallest). 
5 Insert the next job from the list ( lets say job c). Schedule these three jobs, and there are three alternatives 

schedule ( since, job b always proceed job a). Select the alternative with the minimum completion time. · 
6. Insert the next job, generate the alternatives and choose the schedule with the minimum makespan. 
7. Continue to bring next job into the pool . If all jobs are scheduled, stop. 

3.5 Ka/Jan Method's 
The complexity of the scheduling problem has been reduced by decomposing all parts into Dk family parts and the 
· corresponding machines into ll1ic machines for the kth MGT center. Thus, the first step is fonning a number (lets say k) 
ofMGT centers, Kattan (11,12,13]. A computer program is written to read the input data (k, n, and m) for each MGT 
center. The steps are: 
I. Form k MGT centers using any group technology techniques appropriate. 
2. Use the shortest processing time (SP'I) method for a MGT center with one type of machine ( or m identical 

machines). The shortest processing time (SPI) method will maintain minimum makespan time (minFmax). 
3. Use Johnson's rule for scheduling n parts on two machines, for a MGf center with two types of machines. 
4. Use the proposed method for the center with three or more different machines. The following steps are used to 

generate the schedule of n parts on m machines. The first step of this method is to transform a MGT center with m 
machine scheduling problems into (m-1) pairs of two machines problem (A and B). Where, A1 , consists jobs on 
machine 1, ·while B1, consists jobs on the remaining machines 2,3,4, .. . ,m. Similarly A2 , consists jobs on machines 
1 and 2, while B2, consists jobs on machines 3,4, ... ,m. Continue in the same fashion, thdast pair of the two 
machines will be Am.1, all jobs on machines 1,2,3 , .. , (m-1), while Bm.1 , consists jobs on machine m only. 

5. Use the coefficient of variation (CV) to improve the scheduling problem. This method employs the coefficient of 
variation (CV) for each part required to be processed in all machines, as shown in Table 2. The CV will be used as 
a weighing factor to be multiplied. by all (m-1) pairs of the newly developed two machines. 

6. Calculate the mean of the processing time(t), its standard deviation (s) and the coefficient of variation (cv) for each 
job, ~ indicated in Table 2. 

7 Multiply all pair of Ai and Bi by corresponding CV. Generate an (m-1) pair of the two-machine problem. 
8. Made any job with veiy low coefficient of variation, "when CV< 0.2", by•. If there is more than one job with CV 

< 0.2,_ then use SPT to find their schedule, (lets say S0 ). One schedule should be made by placing S0 at the 
beginning, and the other alternative schedule should be made by placing S0 within the unfilled scheduled jobs 

_, using the Johnson's rule . 
9. Use the shortest processing time (SP'I) for scheduling the first machine (Aj ), using Johnson's rule. 
l?. Use the largest processing time (LP'I) for scheduling the last machine {Bj ), using Johnson's rule. 
Finally, a computer program is written to calculate the total completion time for the sequence of all given rules. The 
best solution will be the sequence has the lowest calculated value of minFmax. 

4. CASE STUDY 
· The application_ of the proposed methods will be demonstrated through the following example taken from industrial 
application. The example is an air compressor consists of 86 different components out of which 38 components are 
bemg manufactured using 12 different machines. These 38 parts are grouped into three different part families, and 
three ~~nding MGT centers. One group was selected for presentation. This group has ten parts and five 
mac~. The processing time for this group is given in Table 1. The five heuristic methods are implemented to find 
th~ ~ti.mum or near op~um job scheduling on the machines to minimize the makespan of producing these parts. The 
mmunum machine idle time is obtained by plotting the Gantt chart-for each machine. The final results for all methods 
are presented in Table 3. - · 
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PROCESSING TIME 
JOB Ml M2 M3 M4 MS 
1 5 12 15 4 13 

2 10 8 6 9 4 

3 13 17 5 8 10 

4 21 13 18 14 17 

5 15 6 9 4 13 

6 14 10 3 7 22 

7 12 · 5 .6 9 14 

8 13 7 4 8 3 

9 10 14 13 20 5 
10 6 19 14 13 18 

· TABLE 1-Processing Time for given example (five machines and ten jobs} 

PROCESSING TIME 
JOB Ml M2 M3 M4 M5 MEAN ST DEV CV=M/D 

1 5 12 15 4 13 9.8 4.97 0.507 
2 10 8 6 9 4 7.4 2.408 0.325 
3 13 · 17 5 8 10 10.6 4.615 0.435 
4 21 13 18 14 17 16.6 3.209 0.193 
5 15 6 9 4 13 9.4 4.615 0.491 
6 . 14 10 3 7 22 11.2 7.259 0.648 
7 12 5 6 9 14 9.2 3.834 0.417 
8 13 7 4 8 3 7.0 3.937 0.562 
9 10 14 13 20 5 12.4 · 5.505 0.444 
10 6 19 14 13 18 14.0 5.148 0.368 

Table 2 Processing 1ime, Mean, Standard Deviation, and Covariance 

Method Final Schedule Minimum Total Remarks 
Assignment Completion Machine Idle 

Time C, Time MIT 
Machine Idle Time S= {8,7,2,5,1,6,9,3,10,4} 192 244 Both are very high 

Campbell, Dudek S1={ 1,10,7,6,4,5,3,9,2,8} 170 194 Both are high 
and Smith S2={ 1,7,6,9,10,4,3~5,2,8} 173 197 
Palmer S= { 10,1,6,7,2,9,4,5,3,8} 181 160 MIT is low, Ci is high 

Nawaz S= { 1,6,7,10,4,3,5,9,2,8} 169 164 Both values are low 

Kattan S1={7,10,6,1,9,5,3,4,8,2} 169 162 
S2={7,10,6,9, 1,5,3,4,8,2 l 164 160 • Both values are low 

Table 3 Comparison of the Five Heuristic methods 
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5. IMPROVING-MGT PERI\ORMANCf: . . . . . 
The perfonnance of the MGT center could be unproved by mcreasmg the flextbility and workload balance. The 
implementation of Kanban will enhance the flexibility, and the balance of inter-cell world~ will impr~v~ ~e . 
machine utilization within the MGf center. Inter-cell workload balance for a MGf center mvolves multtdisetplinary 
analyses of job content, the capacity workload, the set-up time of each machine, the processing time of each job, and 
the quantity of production unit. The MGf center should provide the operators with safer and more productive 
working environments [8, 12]: . 
cw,. The to~ u~ized capa~ty workload ~f the jth ~chine in the kth MGT center. 
'1· Processmg tune of the 1th part on the Jth machine. 
Si,- The setup time of the jth machine for the ith part in the kth MGT center. 
qij The total quantity of the ith part to be produced on the jth machine. 
1,. The ideal time of the jth machine in the kth MGT center. 
TW,. The total available work of the jth machine in the kth MGf center. TW .ik depends on the number of 

machines j in the cell and the number of shifts. 
n k n k 

I jk T w jk . L s ijk + L ·t ij * q ij 

i = 1 i 1 
On the other hand, the implementation of Kanban becomes inevitable when the parts are produced in a small batch 
and/or a small lead time. Kanban is a Japanese word meaning " card ". It is a manual production and inventory 
control system developed by Toyota. Kanban provides a highly visible means of controlling a fast flow of production 
as just-in-time (JIT) production. The MGT is a typical multi-stage production process where Kanban techniques are 
able to control the production and movement of material with two types of cards. One is called move cards (push 
system); anci the other type is production cards (pull system). Each move card specifies the part number for which it 
applies, the standard container to be used, the work center from which parts are drawn and the work center to which 
parts are to be taken. Thus, each move card is a circulating move ticket which is only used between the two 
designated worlc centers, (i.e. to integrate the MGf work centers). The production card specifies the part number to 
be made, .the work center at which it is made, the standard container to be used and the parts to be drawn in order to 
produce that part. Thus, each production card is used only at the designated MGf center producing the part (i.e. to 
integrate the operations within a work center), [3,4]. 

6. CONCLUSIONS 
The case_ study solution has shown that grouping parts into a family and the corresponding machines into a GT cell is 
essential to decrease the complexity of scheduling. On the other hand, combining few GT cells into one MGf center 
will improve the overall performance of the production system. The performance of Gr cells can be improved by 
transferring workloads from a congested (bottleneck) machine in one GT cell to an alternative one within a group of 
GT cells forming a Multi-Group Technology center. To make MGf design efficient, special attention should be given 
toJhe following: _ 
I. Grouping parts into a family, then balancing each Gr cell within the MGT center . . 
2. Scheduling of each family of parts. · 
3. Selecting flexible machine tools and flexible material handling devices, enhancing the center flexibility. 
4. Employing Kanban mechanisllls. It is necessary for manufacturers to be involved in all levels of the MGT 

functions to perform group effort tasks enhanced by teamwork to set the criteria for choosing the best alternative. 
Also, the importance could be placed on the following criteria in any job shop scheduling: 

· 1. Minimize ~ompletion time 
l. Maximize machine·utilization 
2. Minimize Work-In-Process (WIP) 
3 • Minimize customer waiting time. · - . 
However, the overall performance of MGT depends on many factors resulting from differences in the resources and set 
of o~j~tives and goals for each company. Therefore, a generic MGf model is inappropriate. The case study used few 
he~c methods and proved both effective and efficient Depending on the manufacturing environment and costs 
associated with the machinery ·and / or the volume of production, the total product cycle times shows more than one 
method should be used. 
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Abstract 

We consider a storage layout problem for different classes of p~per reels and of various types. 
The paper reels will be stored in identical cells of a warehouse. Paper reel demand and inventory 
requirement decide its traffic volume and space requirement. The problem is further complicated 
by specific storage requirements within a cell. The objective of this problem is to assign specific 
space to different paper reels so that the total transportation cost will be minimized. 

We propose a two stage-simulated annealing approach for this problem. The computational 
results seem to indicate that our approach is not only efficient, but also extremely effective for 
this kind· warehouse layout problems. 

Key words: simulated annealing, storage layout, decomposition coordination. 

1 Introduction 

In this study, we discuss a paper reel layout problem in a warehouse where floor space is subdivided 
into identical cells. Paper reels of different types and classes should be assigned to the cells so that 
the total travelling cost is minimized. More specifically, the traveling cost of each paper reel type is 
the amount of the paper reels multiply the distance they· traveled. The monthly average demand of 
the paper reels decides its traveling cost in a month. On the other hand, an inventory requirement 
is associated with each paper reel type, which decides the amount of floor space needed for the 
paper reel type. 

The warehouse has a single Retrieve-Exit-Bay (REB) where paper reels are moved in and 
shipped out of the warehouse. The distance of each cell is .measured from its center to the REB. 
When ·storing paper reels · in a cell, only paper reels of the same class can share the same cell. 

--Furthermore, the storage of the paper reels in a cell is in columns. Each column consists of the 
same type paper reels and the number of paper reels allowed in a column can not exceed a (constant) 
limit. 

Given the above storag~ constraints, one can express the inventory requirement of a paper reel 
type in terms of number of columns. Since paper reels of the same class have similar diameters, 
the c~pacity of a given cell varies depend on which class of paper reel it will hold, i.e., how many 
columns of-a given class of paper reels it can hold. For the simplicity of discussion, we ass~me the 
inventory of each ·paper reel type is no more than the capacity of a cell. 

In the literature, a number of storage layout policies exist (3]. Four well-known storage policies 
are: dedicated storage, randomized storage, class-based storage, and shared storage (2, 4, 6, 7]. 
Besides the above_ four, other storage policies exist. For example, a straightforward method for rack 
layout, which uses sorti_ng, assignment and traveling salesman type algorithms (11]. An overview 
of optimization techniques for material handling problems can be found in [8]. 
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. Althoua-h the above methods cover a large variety of warehouse operation and layout problems, 
they can n~t be used directly to our problem due to the following special features: · 

• · paper reels are divided into classes based on their diameters, 

• one cell can hold one or several paper reel types as long as they belong to the same class. 

• there are special requirements on paper reels stored in a cell. 

In this paper, a two stage simulated annealing based heuristic is proposed and tested for the 
problem. Computational results seem to indicate the effectiveness of our solution method. 

The paper is organized as follows. In section 2, we give a formal statement of our problem and 
a~ outline of our two-stage iterative ·solution method. A cell _ assignment procedure is presented 
in section 3. In section 4, simulated annealing is used to assign paper reels to cells within each 
paper reel class. Section · 5 contains our test results for different problems and a comparison of our 
solution with those found by a commercial software. 

2 Problem and Solution Strat'egy 

Our problem is to minimize total transportation co~t of the problem specified by the following 
parameters and conditions: 

j E {l, 2, ... , J} indices for different paper types. 
i E {1~ 2, ... , I} . indices for paper reel classes. 

k E {l, 2, ... , K} indices for available cells. 
Ri set of paper reels belonging to class i. 
Qi monthly demand of paper reel type j. 
D1c distance from cell k to the REB. 
Ci storage capacity of a cell for class i paper reels. 
S; ·. : invento~ requirement of paper reel type j (w.o.l.g., let S-~ Ci, \fi,j). 

The set of constraints our solution should satisfy are: 3 
. 

• th~ · same paper reel type should be stor~ in a sina'le cell 
. . 0 ' 

• only the same class of paper reels can be stored in one cell, 

• only same type paper reels can stack in a column, each column can.hold a lim't ci b f 
paper reels, 1 e num er o 

• every paper reel type has a ·designated cell. 

We will call the set of paper reels assigned .to the same cell a s· 
reels ate uniquely define!i by a feasible solution we will groud:p. m~e the groups of paper 
following. . - · ' use group an cell mterchangeably in the 

For a given assignment of cells to the classes of paper reels let H· _ { . · · • 
Our layout problem (P) is reduced to the followi 1 . d ' d i - k I cell k assigned to class i }. 

· ng m epen ent subproblems: 

(1) 
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s.t. L Xjk = 1, for j E ~
kEHi 

(SPi) L SjXjk 5 Ci, fork E Hi, 
jER.;. 

Xjk = 0, 1, 'r/j, k. 

where Xjk = 1 if paper reel type j is assigned to cell k, O otherwise. 

(2) 

(3) 

This decomposition of (P) suggests a two-stage, iteratively heuristic procedure with two basic 
components: 

Cell Assignment: Divide the cells into I subsets for the I paper reel classes. 

Paper Reel Grouping: For given class i and cells Hi, solve problem (SPi). 

The solution strategy for solving our problem (P) is as follows: 

• Start an iteration t with a feasible cell assignment. 

• Solve the SPis to get the x;ks (at iteration t). 

• Use a simple heuristic to find a new cell assignment. 

• Repeat the above until one of the following conditions is satisfied: 

- the objective value is unchanged for t( = 3) consecutive iterations. 

- the total number of iterations exceeds a given value 1r( = 10). 

3 Finding a Cell Assignment 

The initial assignment of the cells to the classes is found by: 

1. Let S = I:,f=i Sj be th~ total inventory requirement of the paper reels. 

. KL, S· 
2. For i = 1, ... , I, assign the next let cells to class i, where~= max{L ;51t. 'j, l}. 

Since feasible solutions x;ks of S Pis uniquely group the paper reels into cells, we define the 
demand of a group (cell) to be the sum of the demands of the paper reels of the group (cell). It is 

not hard to observe that 

Swapping paper reels of any two cells k1 and k2 will result in another feasible solution. 

Let G be the total number·of cells used by a feasible solution, from the above observation, one can 
always find a new cell assignment by: 

1. Sort the ce~ in ascending order of their distance from REB: (k1, k2, ... , kK ). 

2. Sort the groups in descending order of their demands: (91, 92, ... , 9G). 

3. For j = 1 to G, assign group 9i to cell kj. 
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4 Finding Solutions to SPi 
t:' · • 11 · t · ulated annealin<T (SA) to find a feasible solution-for each 
s: or a given. ce ass1gnmen , we use s1m . o . . 

SPi, The initial grouping of class i paper reels is by assigning paper reel types Wlth larger ratio of 
Q;-/ Sj to cells closer to REB. That is: for paper reels j E It. and cells k E Hi, 

1. Sort the paper reels in decreasing order of Qi/ S;, j E R;, · 

2. Sort t_he cells of k e Hi in increasing order of their distance from REB. 

3. Group the paper reels (into cells} in the given order (e.g. first-fit). 

Dummy cells with large distances maybe needed in case the ·number of cells assigned to a class 
is not enough. Since minimizing transportation cost will move paper reels out of these dummy 
cells, they will disappear when · the number of cells is enough to hold all the paper reels. 

Given .a feasible solution to SPi, we are going to swap the locations of some paper reels of a cell 
with some paper reels of ano.ther· cell. If one part is empty, this swapping is the same as moving 
some paper reels from one cell to another. In the latter ·case, the number G of used cells might 
decrease. 

In our implementation, we have used the following parameters for our SA: 

Initial Temperature: Our initial temperature To is based on the acceptance rate. To = 100 is . 
chosen, which corresponds to an acceptance rate around 50% at To. 

Cooling Schedule: After sev~ral rounds of testing, our cooling process follows an geometric sched
ule _with a = 0.95, that is: Tnew = aTold· 

Final Temperature: The final temperature is set to 10-3 /(lltl x Hil)114 for SPi, It depends 
on the number of paper reel types of a class and the number of cells the class (currently) 
occupies. 

Number of Iterations fo'r each Temperature: It also depend on the number of paper reel 
types in a class. In our experiment, we set it to 30 * (I.R.I x IHil)1/ 4 . 

At each new temperature except the initial one, our SA uses the best cell assignment and reel 
grouping from the last temperature as the start'ng solution. Because of this, our best heuristic 
solution value is non-increasing as ·the ~emperature decreases. 

5 Computational Test 

To ~ccess the so~ut!on quality from our heuristics, we generated several classes of problems and 
applied our ~eunst1cs to the~: Our heuristic solutions are compared with the optimal. solutions 
found by an integer program:nung software and the lower bounds find b t. h d' li 

1 · bl · Y e correspon mg near re a..xat1on pro ems . 

. 0~ paper reel layout problem is influenced by many factors: the distributions of the cell 
capacity for eac~ paper reel class, of the inventory requirement of paper reel types, of the demand, 
and of the cell d1Stances. Our test problems are generated as follows. 

• cell capacity for class i is set to C- = (i + 1} x (i + l} F · 1 
( ) 

i . • or examp e, a cell can hold 3 x 3 
columns of class 2 paper reels, and it can hold 5 x 5 ( · 1 ) f l · . . . co umns o c ass 4 paper reels. · 
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I 
2 
2 
2 
4 
4 

T bl 1 R 1 . a e : e at1ve gaps among va ues o fh f 1 f eunst1c, op 1ma sou ions, an d LP 1. t· re axa ion 
q= 1 2 q= 1 1.5 

J (S,O) (O,L) (S,L) (S,O) (O,L) (S,L) I J (S,L) CPU (S,L) CPU 
16 0.0 5.0 5.0 0.0 2.5 ') -__ i) 2 50 3.4 3.7 3.0 4.5 
24 0.0 2.7 2.7 0.0 3.5 3.5 2 150 · 0.9 60.5 4.1 42.0 
30 0.0 2.6 2.6 0.3 1.5 1.8 4 100 4.5 10.0 7.4 8.5 
20 0.0 17.0 17.0 0.0 17.9 17.9 4 200 3.4 128.0 4.5 113.0 
26 0.0 12.1 12.1 0.0 9.9 9.9 

• 70% of the paper reel types have their inventory requirements (Sjs) less than half of cell 
capacity. 15% paper reel types will have their Si equal to cell capacity. ··while the other 15% 
of S1s are between half and full capacity of a cell. Their actual values are randomly generated. 

. I 
• The number of cells is set to K = 2 Li=l LjeHi Sj/Ci. 

• Dj of (class i) is randomly chosen from [1,Ci] and satisfies 1/4 $ D1/S1 ~ 35. 

• Cell distances (from REB) are set to 2 times integers randomly chosen from (1, aK]. Param
eter a: allows us to control the percentage of cells with the same distance from REB. In our 
implementation, we have used a = 0.8. 

Given (I, J), we use a parameter q to control the paper reel distribution into classes: 

1. Seti= I. 

2. If i = 0, stop. Else set r = LJ/IJ. 

3. Randomly assign min { q x r, J - I + 1} number of remaining paper reel types to class i. 

4. Set I= I - 1, J = J - q x r, i = i - 1. Go back to 2. 

In our test, the I, J, q values range from 2 to 4: 16 to 200, and 1 to 2, respectively. For 
each (I, J, q), five problems are randomly generated. We used C++ programming language and 
performed our test on a Pentium 90Mhz personal computer. The Lindo Integer Programming 
software is used to find the optimal solutions of the same problems. If no optimal solution is found 
after 20 minutes by Lindo, we will stop the program. 

There are 90 problem instances we have ·atempted. Lindo was able to 38 instances, all -of which 
are limited to J $ 30. To access our solution quality, we will compare the relative (percentage) gap 
among our heuristic solution values, those of optimal solutions, and those of the linear relaxation 
solutions. The results are presented in T~ble 1, where the average results of 5 instances are reported. 

In Table 1, L, 0, S stand for the objective values from LP relaxation solutions, optimal solutions, 
and our heuristic solutons. Symbol (A,B) stands for lOO*(A - B)/B. The test results show that 
our heuristic solution values a~e very close to those of the optimal ones when an optimal solutions 
are found by the software. When we use our method to solve larger problems (where the software 

. fails), the ma.ximum CPU (in seconds) is around 2 minutes. While comparing the gap (S,L) with 
those for J $ 30, it seems to indicate that our heuristic solutions are of high quality. 
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Various parameters must be considered in the design of a buried piping system. To detennine the most suitable 
pipe product(s), the design engineer must consider not only the engineering design criteri~ but ·also criteria related 
to durability and product life; construction and installation operations; safety; and other factors affecting the 
performance of the material selected for a given project. 

The hydraulic design and the structural capacity of the culvert are easily determined by the project designer based 
on estimated flow from the drainage area and the type of roadway under which the pipe will be placed. Factors 
that affect the performance, life and maintenance/repair cost must be identified for the designer when selecting the 
materials most suited for the conditions that will be encountered. 

The intent of this paper is to identify the factors that influence the selection of Corrugated Metal Pipe (CMP) under 
various conditions in order to determine its estimated service life. This paper is a result of a research project that 
was funded py the Nebraska Department of Roads (NDOR) 

INTRODUCTION 

A significant amount of investment is expended every year on pipes for rehabilitation and new development of the 
infrastructure. Pipes are used for culverts and sewer conveyance, among other applications. 

Drainage pipe or culverts are usually considered minor structures, but they are of great importance to adequate 
drainage and the integrity of.the highway facility . . Although the cost of individual drainage structure is relatively 
small, the total cost--ef construction for a drainage system constitutes a substantial share of the total cost of the 
highway construction. Similarly, the total cost of maintaining highway hydraulic features is substantial, and pipes 
maintenance accounts for a large share of these costs. Improved traffic service and a material reduction in the total 
cost of highway construction and maintenance can be achieved by judicious choice of design criteria and careful · 
attention to the investment for construction and m~ntenance. 

The intent of this paper is _to identify the factors that influence the selection of corrugated metal pipe culverts 
(CMP) under various conditions.in order to detennine its estimated service life. The CMP decision model 
described in this paper will determine whether or not a pipe product is acceptable given the design variables, such 
as pipe diameter, height of fill, soil conditions, embedment material, and compaction density. By following the 
evaluation procedures outlined in this paper, the designer will be able to determine if the pipe is capable of 
h~ndling the specified design parameters. 
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DESIGN CRITERIA 

Given specific _design variables, it is possible to determine the estimated service life of corrugated metal pipe. 
These design variables include pipe diameter, corrugation area, design height of fill, design service life, geographic 
location, and pipe gage. 

Table 1 is used to determine the maximum height of fill allowed for corrugated metal pipe based on the design 
criteria of pipe diameter, corrugation area, and pipe gage. Different Tables are designed to determine the 
maximum fill height allowable for specific corrugations and diameters. For example, if a project specified use of 
16 gage, 24" diameter pipe in 2 2/3" X 1/2" corrugation, Table 1 would be used to determine a maximum 
allowable fill height of 124 feet. These tables were developed assuming a H20 or H25 live load and a soil weight 
of 120-pcf (1). · 

If heavy, off-road construction equipment is used, the required minimum cover can be found in Table 2 using the 
pipe diameter and axle load of the equipment [ 1]. The minimum cover is measured from the top of the pipe to the 

. top of the maintained construction roadway surface. These values serve as a general guideline to prevent pipe 
damage, however the minimum required cover might vary with local conditions. 

By providing the pH level and resistivity of the soil, the estimated service life (EST) of 18 gage metal pipe can be 
determined using Table 3. The EST for pipe gages not listed can be determined with multipliers and equations 
found below the table. For example, if the pH of the soil was 8.4 and the resistivity= 1500 ohm-cm, the estimated 
service life of 16 gage galvanized steel pipe would be approximately 38 years according to values from Caltrans 
Table 3. 

Pipe Minimum Maximum Hei ht of Fill feet 
Diamete Cover 1-----S~e-ca-.fi-e_d ..... T .. h--ic_kn_e_s_s ___ in-. --'-----t 

inches inches 0.064 0.079 0.109 0.138 
t---12~........--1--2-...-2-4_8__..,_ 

0.168 Gage Pipe 
Thickness (in.) 

15 12 199 8 0.168 
18 12 166 10 0.138 
21 12 142 12 0.109 
24 12 124 14 0.079 
30 12 99 16 0.064 
36 . 12 83 
42 _12 · 71 
48 12 62 
54 12 
60 12 
66 .12 
72 12 
78 12 
84 12 

Source: . Handbook of Steel Drcinage and Highway Construction Prod.lets 

· Table 1. Height of Fill for 2 2/3" X 1/2" Corrugation 

*Shaded values indicate sizes that are provided by the ma,ufacturer 
but are not acceptcble to the Nebraska Department of Roads (Januay 1985) 
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pH 
Level 6000 

5.6 18 
5.7 18 
5.8 19 . 
5.9 19 
6.0 20 
6.1 20 
6.2 21 
6.3 21 
6.4 22 
6.5 23 
6.6 23 
6.7 24 
6.8 . 25 
6.9 ·27 
7.(J 28 
7.1 30 
7.2 33 
7.3 32 
7.4 52 
7.5 52 

General Guidelines for Minirn.rn Cover Required 
for Hea Off-Road Construction E ui nt 

Pipe Minirrum Cover ft for Indicated Axle Loads · * 
Diameter in. 18- 50 50- 75 75-110 110-150 

. 12-42 2.0 2.5 3.0 3.0 
48 - 72 3.0_ 3.0 3.5 4.0 
78 - 120 3.0 3.5 4.0 4.0 
126 - 144 3.5 4.0 4.5 4.5 

Source: Handbook of Steel Drainage and Highway Construction Products. 

Table 2. Minirrum Cover for Heavy EquiJ)llenl 

* Minimum cover is measured from the top of the pipe to the top of 
the maintained construction roadway surface. These values may 
vary 'Mth local conditions. 

Table 3. Estimated Service Life for 18 Gage Galvanized Steel 
CALTRANS Values ( Erodible Soils) 

. Resistivity {ohm-cm) 
5000 4000 3000 2500 2000 1500 

17 16 14 13 11 10 
17 16 14 13 . 12 10 
18 16 15 14 12 11 
18 17 15 14 13 11 
19 17 16 14 13 11 
19 18 16 15 14 12 
20 18 17 16 14 12 
20 19 17 16 15 13 
21 20 18 17 15 14 
22 20 19 17 16 14 
22 21 19 18 17 15 
23 22 .. 20 19 18 16 
24 23 21 20 · 19 17 
25 24 22 21 20 18 
27 26 24 23 21 20 
29 28 26 . 25 23 · 22 
32 30 29 28 26 24 
48 44 39 36 33 29 
48 44 39 36 33 29 
48 44 39 36 33 29 

1000 
7 
8 
8 
9 
9 
10 
10 
11 
11 
12 
13 
14 
15 
16 
17 
19 
22 
25 
25 
25 

Source: California Department of Transportation 
To determine the estimated service life of pipes with othet gages, use the following equations and gage factors. 
pH~7.3 EST= 1.47(R}41 XGageFactor 
pH< 7.3 EST= 13.79 {Log10 R- Log10 (2160 - 2490(Log10 pH)]} X Gage Factor 
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3 
4 
4 
4 
5 
5 
6 
6 
7 
8 
9 
9 
10 
12 
13 
15 
18 
·19 
19 
19 



Where Gage Factor is defined as follows: 

Gae 18 16 14 12 10 8 
. Ga e Factor 1.3 1.6 2.2 2.8 3.4 

By providing the pH level and resistivity of the soil, the estimated service life (EST) of 18 gage 
metal pipe can be determined. The EST for pipe gages not listed can be determined with 
multipliers and equations found below each table. For example, if the pH of the soil was 8.4 and 
the resistivity = 1500 ohm-cm, the estimated service life of 16 gage galvanized steel pipe wouid 
be approximately 38 years according to values from Caltrans Table 3. 

Example: 
Gage Factor for 16 gage pipe= 1.3 
R= 1500 
EST= (l.47)(R)°41(Gage Factor) 

. = (1.47)(1500}41 (1.3) 
. = 38.32 years 

A flowchart of the material evaluation process is shown in Figure 1. The workability of 
corrugated metal pipe for specific project conditions may be determined by following the 
procedure outlined in the CMP flowchart and the steps listed below. 

DATAiNPUT: 
•PlpeOlameter 

. • Conugallon Alea Determlrw Mmnum 
• De191 Height of Fl . Helgt1 ol FW For 
• Dnlgn Service life ---- the Appropriate 
". Geographic Location Corrualon Alea from 
• Pipe Gage Table 1, 2 ot 3 
• pH and Rnllllvity 

Level 

Erodi>le Solll 
.,__ _____ ~ . Present'? From NE 

Erodible Solla Map 

NO 

YES 

Determine EST for 
Galvanized Pipe 
from Table 11 

Determine EST for 
Aklmlntztd Pipe 
from Table 12 

Determine Minimum 
Cover Reqtked for 

Heavy Off-Road 
Equlpmeri from Table 4 

Determine EST for 
....------ Galvarized Pipe 

from Tlble9 

Ottermlre EST for 
------ Aunlnlzed Pipe 

from Table 10 

Ma Fl Ht> 
Design FIi Ht 

NO· 

Use Dlfferllll 
YES Crl•II or Stied I 

Differ_,. p_,. . 
Product 

Figure 1. Corrugated Metal Pipe .Evaluation Flowchart. 
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step 1 . · . b d fi d . h . l l . The fqllowing cntena must e e ne pnor to t e matena eva uatlon: 
• Pipe Diameter 
• Corrugation Area 
• .Design Height of Fill . 
• Design Service Life (DSL) 
• Geographic Location 
• Pipe Gage 
• _pH and Resistivity Level of Existing Soil 

Step 2 
Using the pipe diameter and gage (Step 1), determine the maximum height of fill from Table 1, 
depending on the desired pipe corrugation. 

If heavy, off-road construction equipment will be used on the project, consult Table 2 to 
determine the minimum fill height required based on the pipe diameter and axle load of the 
equipment. 

Compare the maximum height of fill (Tables 1) with the design height of fill (Step 1). 

Maximum Height of Fill~ Design Height of Fill 

Maximum Height of Fill < Design Height of Fill 

Step3 

Pipe material is acceptable. 
Go to Step 3. 

Pipe material is unacceptable. 
Use different criteria (Step I) 
or a different pipe product. 

If the pipe material is acceptable go to the Nebraska Erodible Soils Map (the Map is riot provided 
because the limit on the number of pages). Plot the geographic location of the project on the map 
to determine the presence of erodible soils . . 

If the soil is erodible, go to Table 3 for galvanized pipe. 

If the soil is not erodible, got~ Table 4 (not provided) for galvanized pipe or Tabl~ 5 (not 
provided) for aluminized pipe. 

Step4 
Using the pH and resistivity values (Step I), determine the estimated service life from the 
appropriate table.. If 18 gage pipe is not used, correct the estimated value from the tables with the 
proper multiplier and equation. 
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Step 5 
Compare the estimated service life (EST) with the design service life (DSL). 

. EST~DSL 
EST<DSL 
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Abstract 
The answer to the question, Why does a leader prefers a certain leadership style?, is still not 
clear. In this paper, we propose that 'worldview' is among the most important contributors 
to forming a leadership style. Secondly, we argue that their choice of worldview will also 

. will significantly determine a leaders capacity for learn through experience. Finally, we 
propose ways to balance worldviews and increase flexibility in both leading and learning. 

Introduction 
The activities of leading and learning have traditionally been viewed as being separate, even 

unrelated, processes. More recently however, there is an emerging perspective which suggests that 
learning and leading are closely connected, and linked to a mutual element, mental models. Peter 

. Senge (1990) observes "In essence, the leader's task is designing the learning processes whereby 
people throughout the organization can productively deal with critical issues they face, and develop 
their mastery in the learning disciplines. (p. 345) The bond between leading and learning is so firm 
that Argyris (199X) coined the term leading-Leaming to describe this dualistic process. Meisel and 
Fearon (1996) differentiate the function of leading-learning from managing by observing that managers 
decide how to use resources by using knowledge they presently possess, whereas in leading-learning, 
leaders assist the process of creating new knowledge by pointing out new opportunities and the need to 
refine old knowledge by raising a state of doubt in the minds of followers. This paper will examine 
the stylistic elements of leading and learning ... that is, leadership style and learning style. We will 
propose that both styles have at least partial origin in belief ~ystems of leaders (mental models). 
Fmally, we will recommend that leadership development programs should help leaders find a balance 
among competing belief systems, rather than strict reliance on any single world view, as a step 
towards effective leading-learning. Writers, such as, Bohm (1980) and C.W. Churchman (1971), 
have noted that the conflict which arises between seemingly divergent ideologies can be reconciled 
when people are able to see the larger picture that unites the two views. That is our hope. 

LEADERS-HIP 
In both leadership theory and practice, there appears to be a broad consensus regarding . 

benefits to organizations of effective leadership, but there is relatively little agreement over the 
question of why they are effective. There is general agreement around the idea that effective leaders 
have the capacity to exert personal influence in ways that result in other organization members acting 
in ways they would not ordinarily behave. There are numerous well-known schools of thought that 
seek to e~plain the reasons for leadership success. Chief among these are the: 1. trait, 2. behavioral, 
3. contingency, 4. decision-making, 5. charismatic, and 6. transformational approaches to leadership. 

--The idea that a leader's belief~ effect how they lead is ubiquitous, however, there has been a relative 
dearth of discussion examining how such beliefs influence the leadership p~s and style. 

Regardless of the specific approach, there is also a general interest in describing the general 
patterns of behavior which leadc;r:s favor over time. Such patterns of behavior have been described in 
terms of many different factors, but the most common overall description is still generally reference to 
as leadership style. In the worlds of politics, diplomacy, business, and other organizational settings, 

· the term leadership style has become such a common part of the vernacular that it is used routinely, 
although its specific Qteaning is not always agreed upon. 

LEADERSHIP STYLE . . 
Since the initial studies on leadership style which first appeared in the early 1970s, there 

have been a host of different approaches to defining this construct developed. Our interest here is to 
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. briefly review several of the major theories that use leadership style as .a major element. The purpose 
of this· review is to explicate some essence that is a core of the concept 'leadership style' ... to illustrate 
it is used, compare it how it is used in various models, and evaluate its structure. We propose tha! as 
models of leadership style become more systemic, the more useful they become as a con~tual gwde 
for leadership development processes. As we trace the origins of the concept of leaderslµp style we 
will use the following three criteria as a simple guide in assessing the extent to which the various 
leadership models are systemic in there design. First, we will consider the ~umber_ of s~es used to 
measure leadership style in a model. The number of scales can range from smgle dimensional to _ 
multi-dimensional. Next, we will evaluate extent to which the model is dynamic. That is, whether 
the model identifies leadership style as a fixed point or as one that is capable of changing. Finally, we 
will evaluate the complexity of models in terms of the number of situational possibilities considered. 

Perhaps the some of the earliest writings on stylistic issues of leadership occurred prior to 
the development of the term 'leadership style'. One such example can be found in the wri~gs of 
Douglas McGregor ( 1960) in his seminal book. The Human Side of Entemrise. In this book 
McGregor makes the fundamental insight, "Every managerial act rests on assumptions, 
generalizations, and hypotheses -- that is to say, on theory. Our assumptions are frequently implicit, 
sometimes quite unconscious, often conflicting; nevertheless, they determine our predictions that if we 
do a! b will occur. Theory and practice are inseparable." (p.6) Unfortunately, McGregor has been 
more remembered as the father of the "Theory X/Theory Y model, and less for his ideas about the 
origins of management action. Through Theory X, Theory Y, the idea that leaders gravitate to action 
choices based on their assumptions, either consciously or unconsciously. became broadly accepted. 

In McGregor's view, Theory X assumptions could generally be regarded as those which 
assumed workers would find work to be distasteful, and consequently, workers would not be motivated 
to work vigorously. Therefore, an external force would need to be introduced by the leader/mariager in 
order to achieve the necessary expenditure of effort by workers. On the other hand, Theory Y suggested 
that work is a natural human activity, and if given the proper direction and support workers are likely 
to act with self-control, and seek greater responsibility and challenge. In our opinion, the full force of 
McGregor's message about the origins of managerial and leadership actions has never been realized. 
This may in part be due to popularity of the notion, during the 1960s that McGregor's Theory 
Y /Theory Y could become linked with Mmlow's ''hierarchy of needs" model into a grander call for the 
need to humanize the work place, and reinforced the growing "Human Relations" movement of that 
time. McGregor's model is one-dimensional, and generally static. However, it should be noted tha~ he 
does argue for the importance of management development, but does not relate it to his Theory X/Y 
model. The~e are no situational factors explicitly considered by the model. 

Concept of Leadership Style Becomes Formalized 
Tannenbamnand Schmidt (1973) are widely regarded as the first writers to identify leadership 

style as a construct, and propose several variables as being relevant to a manager's choice of a specific 
leadership style: Their simple model of leadership style was built on the idea of a continuum of 
· possible leadership styles ranging from boss-centered at one .extreme to employee-centered. at the 
other one. Boss-centered styles emerge when managers rely primarily of the use of authority as a 
means to influence employees to act in the desired way. On the other hand, when an employee
centered style is used, leaders focus their actions on setting limits that guide followers, and permit 
them operate freely based upon their own decision-making. The emphasis of the Tannenbamn and 
Schmidt model seems to be firmly placed on identifying of the preferred locus of control, between 
boss and subordinates in the decision-making process. In other words, the leader's style governs the 
level of inclusion by employees in the decision-making process. Since most leaders engage in a type 
of shared governance, virtually all leadership styles could be represented by a point between the two 
extremes in this model. Tannenbaum and Schmidt's leadership model is one-dimensional, and is 
generally statidn nature. There are three situational variables explicitly considered in this model.. 

The same year in which Tannenbaum and Schmidt published their model, a similar, yet far 
more complex model was presented by, organizational psychologist, Victor Vroom. Vroom (1973) 
proposed ~t_leaders tak~ ~ new view of the real work of leaders, " ... Underlying traditional approaches 
to leadership ts the conv1ctton that the manager is the problem-solver or decision-maker -- that the 
task of translating problems into solutions is inevitably his task. In the alternative view of decision-
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making social process, we see the managers's task as determining how the problem is to be solved, not 
the solution to be adopted ... " (in Lewicki et. al., 1988, p.123) Here, Vroom, and colleagues, .propose 

3 similar single type of continuum, employee participation in decision making, but it is one in which 
the appropriate style must be chosen from among five different styles of leadership. The choice of 
style here is viewed as being contingent on five different situational factors. Using this model, leaders 

· are asked to select the appropriate style that best matches the configuration of situational attributes 
( e.g. problem s~ture, inf ~~ti on availabili_ty, need for subordinate acceptan~ of decision, need for a 
high quality dec1S1on, and likelihood of conflict among team members) to be diagnosed by the leader. 
An innovation is made in this model by making a distinction between dealing with employees, as a 
group, versus working with individuals. Here decision-making is construed.as a social process. The 
Vroom model is one-dimensional, static, and uses five explicit situational variables. 

Behavioral Approaches 
The well-known behavioral ·studies associated with Ohio State University, the University of 

Michig~. and the Managerial Grid Approach (Blake and McCanse, 1991) all have regarded leadership 
style as being definable in terms of two interdependent continua. The resulting model is the classic 
"two by two matrix" which enables leaders to identify their style as a single point in relationship to 
the two 'competing' variables (e.g, concern for task, concern for people). Typically, the central 
strategy of such approaches has been to isolate divergent pairs of fundamental leadership behaviors, and 
identify the point where the two continuums intersect as an indicator of a leader's style. Such pairings 
include 1. consideration vs. initiating structure (Ohio State), 2. production-centered vs. employee 
centered (Michi~). and 3. concern of people vs. concern for production (Blake and Mouton, 1964; 
Blake and McCanse, 1991). Here, leadership style moves from being described in terms of a single 
point on a single continuum, such as, 'leader decides' versus 'subordinates make decision', to a single 
point betw~ two continua. Style becomes a measure of the type of behavior a leaders uses in 
reconciling the forces expressed by two seemingly divergent elements which they commonly face in 
most leadership situations. Here, leadership style becomes viewed from a more situational perspective 
than early models, but it has not yet reached the S!Jphisticated stage of development of contingency 
models, such the Fiedler model. All of these two dimensional models use a linear-change (leader
develop), approach and still do not regard leadership style as being dynamic. The use of the 'leader
develop' strategy, rather leader-match" approach, used in contingency theories, recommends that leaders 
change their style to become that style that is best aligned with 'both people and task driven forces. 

Hersey and Blanchard's (1988) Situational Leadership model is the most dynamic of the two
dimensional models. Here, the choice of the 'best' leadership style is viewed as being dependent on the 
"readiness" of organization members to perform their tasks and accept responsibilities. Leaders must 
learn to assess the needs of employees, and then modify their own leadership style to help employees 
further develop, and improve performance. As the employees capacity increases the leader becomes 
less directive, and reduces both the amoun.t of task and relationship-oriented behavior toward the . 
employee. This model is two dimensional, dynamic, and incorporates few situational variables. 

2. 
3. 
4. 
5. 
6. 
7. 

'MODEL 
McGregor 
Tannenbaum 
Vroom 
Ohio State 
Michigan 
Blake 
Herse 

Comparison of Leadership Style Models 

Dimensions 

one 
one 
one 
two 
two 
two 
two 

Style Chan~e 

very low 
low 
low 
linear-flex 
linear-flex 
linear-flex 
d ·c 

Table 1 

Situational Variables 

none-very low 
three-low/moderate 
five-rooderate 
few-low 
few-low 
few-low 
few-low 

Our review of several of leadership models which use leadership style leads us to conclude 
that leadership style is generally dealt with in a non-systemic fashion.•. The models include few 
dimensions, are not very dynamic, and use few situational factors. We wish to propose an alternative 
approach to explaining the origins of leadership style with implications for leadership development. 
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. BELIEF SYSTEMS: mental models and worldview 
· In principle, we concur with the spirit of Douglas McGrgeoi's writings which propose that 

all managerial, and leadership, actions originate in assumptions, beliefs, and theories about cause and 
effect. The specific name given to this constellation of constructs varies from "t4eories-in-use", 
weltanschauung or 'worldview', and "mental models". They all refer, in some manner,. to the 
cognitive structure of nets of related beliefs about cause and effect. In general, the most robust 
discussion of such structures can be found in the writings of philosophers, such as Hegel, Kant and 
most notably Charles Peirce. Peirce, widely regarded as the greatest American philosopher, defines ~ 
belief as "that upon which a man is prepared to act." (Weiner, 1958, p. 91) A worldview is 
composed of a set of related beliefs about the nature of truth and cause-effect relations. For example, 
in McGregor's Theory X/Theory Y model, Theory X managers believe both that work is inherently 
distasteful, and worlcers are not self-motivated, hence a control-oriented leadership style is required. 
While McGregor argued that all management action starts with assumptions about cause and effect in 
the work place, we would like to go one step further and propose that, in our view, all leader actions 
start with a leaders flllldamental views about how we experience our world. · 

The tendency to def end our beliefs, even in the face of contradictory evidence is well described 
by Argyris (1993). He uses the term defensive routine to describe the self-sealing efforts to protect 
belief systems from being disturbed The self-disempowering pattern of people to become prisoners of 
their own thinking is elegantly described by Peter Senge. Senge proposes that members of 
organiz.ation,s which are learning disabled are often inclined to become unaware of their own beliefs, 
yet confident that there beliefs are the correct ones. He notes," Our ability to achieve the results we 
truly desire are eroded by our feelings that: 1. our beliefs are the truth, 2. the truth is obvious, 3. our 
beliefs are based on real data, and 4. the data we select are the real data." (1992) Similarly, C.S. Peirce 
argues there is a tendency for people to become fued in their beliefs, and to lose the irritating feelings 
of doubt that are necessary to rigorously test the validity of such beliefs. One might conclude that as 
leaders become further 'frozen' in their beliefs, the more vigorously they will defend them, and the less 
willing they become to explore competing belief systems which could prove to be useful to them. 

Divergent Worldvlews · 
Dixon (1994) hm described two common worldviews or fundamental sets of beliefs about the 

nature of reality and truth that determine how people are likely to experience the world. These two 
basic ways of knowing the world are 1. empirical knowing, and 2 the social construction of reality. In 
general~ the empiricist takes the objective view that they are able to fully know the true reality through 
their experience, and the use of reason. On the other hand, the socially-constructed reality is the 
consistent of a subjective, interpretive posture of how one perceives reality. Here, people are regarded 
selectively perceiving only that which their beliefs tell them, a priori, are meaningful. Dixon's list of 
features of these two .distinct worldviews is too comprehensive to describe here, but we wish to note 
that we have based much of our model oµ her description of these two divergent world views. 

. In his classic book. The Yoari and the Commissar. British philosopher, Arthur Koestler 
· (1945), has also noted a similar pattern of leader reliance upon a single, polarized, world view resulting 
from adoptipg a mutually _exclusive "forced choice" view. In this book, the "Yogi" becomes the 
personification of the socially-constructed worldview, whereas the "Commissar" metaphorically 
represents the objectivist view. The two exist at opposite ends of the spectrum of basic world views. 
Let's take a snap shot view of these two extreme worldviews. 

The Yogi 
The Yogi experiences life more in the color gray, than in black and white. They favor 

. reflection and hypothesi:ring more than acting boldly. They believe that the way toward achieving 
enduring chang~ is to reach people's hearts, minds, and values. They initiate change ·'from within', by 
attempting to assure that organization change efforts are initiated from the bottom-up, in other words, 
... a consensus building approach. They believe that nothing can be improved by promoting exterior 
reorganization, and lasting results only come from individual effort focused within. The Yogi believes 
a person's connection to the universe must take precedence over their relation to the society. The Yogi 
believes the world is as much a fish pond or music box, as it is a clockwork. Since the end is al ways 
unpredictable it is the means alone that count. They believe that reason is useful, but progressively 
loses its value as the truth is approached. Yogi's are dogged pursuers of meaning, and constantly 
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question the correctness of their own perceptions. Yogis learn by trying to eliminate the perceptual 
blocks that prevent them form seeing clearly, and by identifying biases in their thinking. To a Yogi, 
those who believes otherwise are escapists, and to them, Commissars don't know the whole truth. 

The Commissar 
At the other extreme of the spectrum lives the Commissar. Commissars live in the 

objective world of black and white. They believe that whatever they see is the truth. Commissars 
view themselves as being objective because in the world of 'black and white' the use of reason always 
reveals the truth. To them learning is the result of gather information, thus they are inclined to move 
outward to prospect for new 'findings' about how things can be done better. -Commissars subscribe to 
the belief that "change from without" is what works best. People need to behave in alignment with 
the goals of the system, and thus structure is the key to all change efforts. Here, people don't need to 
understand the reasons for the change,_ they just need to change their behavior. This change should be 
accomplished by whatever means needed as the ends always justify the means used. To them, the 
world operates in a clockwork type of manner. This belief leads them to predict the future and prepare 
for the results. Commissars are action-oriented, moving boldly forward to test their new ideas. They 
are also active learners who seek to discover the universal laws that guide the great clockwork of life. 
Fmally, Commissars believe that Yogis fail because they are weak and lack the courage to act. 

Core Beliefs of Yogis and Commissars , 

Yogi Commissar 
1. Site for change From within outer directed 
2. Making changes change perceptions change system 
3. Means-ends · values means values ends 
4. Cause - effect not always knowable world is clockwork 
5. Role of Reason useful1 but limited basis for all actions 
6. Focus of change values, beliefs system structure 
7. Resistance Commissars are i norant Yo is are wim s 

Table 2.0 
The dilemma faced by both the Yogi and the Commissar is the same. Their methods rarely 

work for sustained periods of time, yet they are unable to find a synthesis or compromise between 
them. Llke opposite poles of a magnet, they intermittently attract and repel each other. In Peirce's 
tenns, they are suffering from "fixated beliefs". They stridently defend their position fearing that if 
they give in ... they will have to become the opposite which they so revile. The effects of these two 
types of fixations are no more evid~t-than in the learning styles of these two types. 

One can now easily envision how Yogis and Commissars would have two completely 
different styles of leadership. To us, their leadership style is nothing more than an expression of how 
they see the world. Certainly, beliefs about the nature of such work-oriented things as employees, and 
organizations play a role in this, but they are.of subordinate importance relative to the fundamental 
world views of these two types. If the Yogi and Commissar represent two seemingly irreconcilable 
forces, then where does that leave us in relation to leadership style? We believe ihe answer lies in the 

-style used by each in learning. through e~~rience, more specifically, their actioµ~i~g cycle. 

. ~ Action (Commissar)""\ 

(Commissar) Experi~91Jattl'l1 ✓R!'ll!'Ction (Yogi) 

~ Hypothesizing (Yogi) 

. Figure 1 
A~tion Learning Cycle 

\ ;' 
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As can be readily noted, stylistically, the Yogi prefers the bottom and right side functions, 
(reflection, hypothesizing) whereas the Commissar favors the top and left side ones (action, . 
experimentation). Most importantly, neither the Yogi nor the Commissar is effective or elegant in 
completing the cycle. Using· Honey and Mumford's (1995) terms, both have a particular "learning 
style". While it is normal to have such learning styles, the extreme nature of both types limits their 
ability to learn through experience. Yogis are likely to develop elaborate, yet ungrounded models of 
reality, whereas Commissars are prone to oversimplify, and treat information as knowledge, rather than 
as data with context. Predictably, the results for both Yogi and Commissar style leaders is disastr~us. 

As Koestler notes, when under stress, Commissars becomes more Commissar-like, and Yogis ... more 
Yogi-like. Under pressure they both retreat to their extreme positions. When Commissars go out of a 
balanced state they are likely to lose the loyalty of their followers by imposing ever-tighter controls 
and forcing changes too fast. Other the other hand, the Yogi irritates followers by demanding too 
much social dialogue prior to acting, and overloading followers with process-oriented responsibilities. 
While some people may have a difficult time imaging a Yogi-leader, we want to remind ·the reader that 
we speak of a leader who drives hard for consensus and achieving changes in values and culture ... they 
are not a passive person by any means. 

Becoming a High-Performance Learning-Leader 
In our view, both the Yogi and Commissar style leaders can move towards greater level of 

effectiveness by increasing their capacity to learn from experience. For the Yogi, this means being 
more active in testing out their views and spending a greater portion of their time in being more 
directly involved in activities that bring them into contact with the system of which they are part. For 
the Commissar, coming into balance means taking breaks from action to recapitulate and examine 
what new could be learned from the last episode of involvement of which they were a part. Further, 
the Commissar benefits by constructing a series of more divergent scenarios to help them consider a 
wider range of possible outcomes. Both the Yogi and Commissar need to come to terms with their 
mutual fear and disdain for each other. They must realire that coming into balance doesn't mean 
becoming like the other. Ramsey (1997) suggests there is a paradoxical nature to managing 
interdependent opposites. He notes, ''People must be willing to move away from what they value in 
order bring about the vision they desire." (p.4) We concur with this view and propose the following: 

Proposition #1. Leaders who hold a strong Commissar worldview will lead using a Commissar style. 
Proposition #2. Leaders who hold a strong Yogi worldview will lead using a Yogi style. 
Proposition #3. Balanced leaders will have a greater capacity for learning than extreme types. 

Our criteria for a robust model of leadership style include: 1. multi-dimensionality, 2. style 
must be dynamic, and 3. it must be adaptable to many different situational variables. The reasons that 
many of the early models have been static and inclusive of few variables is to meet the rigorous 
requirements imposed by experimental design criteria It would appear that such stringent experimental 
approaches have not been consistent or productive in yielding robust findings. Consequently, we feel 
that is now ·an appropriate time to explore more systemic approaches to understanding leadership style 
that are grounded in both of the major research paradigms, the empiricist and social constructionist 
views of reality. The conceptual foundation of this model is depicted in Figure 2. 

ldentif y W orldview --> 
Predict Leadership Style ----> 

Predict Learning Style ----> 
Predict Development 

Model Conceptual Foundation . 
Figure 2.0 

We believe high-performance learning leaders are able to: 1. Exhibit flexibility in their 
prefei:red learnin~ s~yle; 2. Find the 'good' in competing paradigms; 3. Acknowledge that all 
paradigms have hnnts; 4. Value synthesis in learning; 5. Work to balance their learning style. 

References are available upon request made to the first author 
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A8STRACT 
Superior management decisions require accurate up-to-date information and a comprehensive historical knowledge 
base. However, superior information systems and knowledge cannot help a decision maker who lacks wisdom. 

INTRODUCTION . · 
My.primary academic research concerns reenginee~g enterprise-wide information systems to impro~e decision 
making by systems of people, computers, and machmes. Of these components, people are the most unportant asset 
of any organization, with computers an? machines providing them intellectual a?d manual support. I also ~elieve · 
that superior information must be provided to all humans, computers and machmes to help any profit-makmg 
enterprise compete effectively in the global economy. The people must also be continuously educated and trained to 
help them better understand evolving company products, services, technologies, and operations. This increases 
their overall power by providing them with superior knowledge. The growing knowledge and experience base 
resident in their collective minds is a precious company asset which should be periodically summarized and 
archived in secure computerized databases for mutual sharing as required. 

I further assert that superior wisdom, i.e., a person's ability to discern right from wrong, is also required for making 
the best decisions based on superior information and knowledge. In this regard I distinguish clearly between 
"worldly" and "godly" wisdom, with the former focused on short-term and the latter on long-term success. It can 
be argued quite convincingly that short-term profits can be obtained more quickly using worldly wisdom, such as 
selling company assets to rapidly raise stock prices for quick shareholder gains. However, I firmly believe that long
term success derives from godly wisdom inherent in people who are conscientious and possess selfless rather than 
selfish attitudes toward others, especially their co-workers, customers, and other company stakeholders. 

In regard to reengineering enterprise information systems, I recommend adoption of a technology-oriented enterprise
wide continuous improvement strategy that provides superior information to improve decision making. A vital 
prerequisite to the technical solution is to develop a work force composed of"good" people, from the leadership 
team at the top-to workers on the shop floor. -This recommended strategy depends on a field-tested and proven 
object transformation process macro-modeling methodology which helps teams of decision makers and systems 
engineers: (1) recognize and analyze cross-functional information-based process control problems, (2) develop 
enterprise-wide solutions, and (3) select and implement high priority process improvement projects. Tl).e overall 
strategy and technical approach effectively integrates process control information for management, fmance, 
engineering, ~d continuous process improvement by eliminating communication barriers between interacting 
collections of humans, machines and computers. Enterprise agility is enhanced by focusing on simplifying existing 
information systems and only automating or mechanizing operations when proved to be absolutely necessary. 

This approach departs from tradition by pointing out both the pros and cons of enterprise information system 
evoluti~. For almost five decades, workplace mechanization and automation has been a constant threat to job 
security for millions of both blue- and white-collar workers since it was largely carried out for the express purpose of 
"reducing headcount." Today's information revolution's job restructuring phenomenon has ·been exacerbated by so 
called "business process reengineering" (BPR) that generally makes companies better global competitors but also 
has a negative effect on the work force beyond the visible layoffs resulting from "downsizing," "restructuring," 
"~ghtsizing," or whatever other label you may wish to apply. A company focused only on increasing their stock 
pnce by selling business units for example, and then using BPR to streamline what is left will sacrifice its 
know.ledge b~e, not to mention gaining a reputation for becoming too "mean." This phenomenon at the very least . 
dampens remaining worker's enthusiasm for his or her jobs, and often sows seeds of disloyalty and mistrust. In the 
long term, these side effects can offset perceived monetary gains since it causes the loss of too many good people. 

1 suggest ~ a new book that a better way to increase company value is to capitalize on the new information system 
tec~olog1es while simultaneously streamlining enterprise-wide processes without using cost reduction or profit 
making as primary measures_ of success.1 This can be accomplished by: (1) adopting a suggested annual business 
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planning and continuous improvement strategy, (2) reengineering enterprise-wide information systems, (3) 
increasing human-to-machine-to-computer mutual understanding, (4) improving process control systems, (5) 
increasing the enterprise knowledge ~ase through education and training, and (6) developing leaders who use 
"godly" wisdom to distinguish right from wrong in order to nurture a selfless and hence·more effective work force. 
This recommended approach to enterprise continuous improvement accomplishes the general purposes of BPR, but 
does it in a purposely ethical, moral and responsible manner that not only improves worker productivity and 
increases their power to "do more with less," but simultaneously treats people as a company's most valuable asset, 
and not as throw-away,'non-value-adding, inanimate objects. 

Technically, I explain in my book how to systematically engineer new and reengineer old information systems as a 
critical part of a recommended nine-step annual business strategy for reengineering, revitalizing and then · 
continuously improving any manufacturing or service enterprise. The methodology helps executives, line managers, 
systems engineers, senior systems analysts, and interested users learn how to: (1) recognize and analyze cross
functional information-based process control problems, (2) macro model enterprise-wide solutions, (3) develop 
requirements specifications for implementation and, (4) implement concurrent engineering, total quality, and 
continuous improvement solutions which are considered essential by leaders of today's top companies. These 
recommendations do not add to enterprise information overload problems as do most popular information system 
technology solutions which focus on upgrading hardware and database management systems. The clear objective of 
this approach is to ~ information system complexity while simultaneously integrating process control 
information for management, finance, engineering, and continuous process improvement by eliminating 
communication barriers between interacting collections of humans, machines and computers. 

Finally, if the superior knowledge and understanding from reengineered information systems is combined with 
managers and workers who constantly try to be conscientious, honest, responsible, and seek the good of others 
rather than just themselves, then the enterprise can surely "rise above the rest." In short, this is the ~ way to 
reengineer your company! 

MANAGEMENT AND ORGANIZATION ISSUES 
Traditional top-down, command-and-control organizational arrangements often result in management-labor 
relationships that can·be a hindrance to making progress implementing new manufacturing paradigms. Also, "nobler 
goals," such as developing a world-class work force that is loyal and unselfish, are often thwarted by shareholders 
who want quick profits from soaring stock prices, and management that fosters short-term tactical rather than long
term strategic·thinking. Furthermore, it has been reported that during the 1980s no less than 56 percent of Fortune 
500 industrial companies engaged in downsizing. This was largely caused by mergers and acquisitions which 
resulted in the elimination of duplicated corporate staff and middle management positions. In the early 1990s layoffs 
and early retirements in manufacturing companies at all levels were attributed to defense industry reductions and 
general global economic weakness. Today's "downsizing," "rightsizing," or "restructuring" activities include 
transfers of primarily unskilled jobs to low-wage-rate developing countries, especially China. In addition, and a 
growing number of skilled jobs to include computer programmers and engineers are moving to India, Mexico, and 
els.ewhere. · On the other hand, employment in information system related companies has been growing rapidly. 

The continuing American manufacturing industry job loss phenomenon constitutes one of today's most significant 
human resource issues because any organizational change that decreases work force size greatly affects employee 
attitudes and morale. In the context of this paper, unnecessary losses of experienced personnel also decreases an 
enterprise's knowledge base. Even top management decision making is being affected since some organizations are 
no longer receptive to new technologies that might cause human resource dislocations through restructuring and its 
accompanying pain. Unfortunately, this is an unwise strategy since by avoiding technical progress such companies 
will inevitably become technologically obsolescent. Effective organizations must possess the ~ to know how 
to best adapt to change, especially when such change could significantly impact their work force. 

In view of the above; it seems that many U.S. manufacturing enterprises have not adequately prepared their human 
resources to take advantage of opportunities in today's rapidly changing and highly competitive global marketplace. · 
~o overcome this perceived deficiency, the following basic questions must be answered regarding illl manufacturing 
enterprise employees: · 

What should be each individual's value-adding contributions to the enterprise? 

How should people be educated and trained to best support their specific jobs? 
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How should they be organized? 

How should they be managed? 

How should they behave to supp~rt the enterprise in the best possible way? 

Should everyone adhere to ethical and moral principles even if their competitors do not? 

In my opinion, the last question is one of the most important. Manufac~in~ and service company lea~ers whose 
enterprises operate in the global m~ketp~ace need to understand the ~elat1ve ~portance of the work ethic, culture 
and value systems that can help raise therr fi~1r above the rest of therr competitors. 

WORK ETHIC, CULTURE, AND VALUE SYSTEMS 
According to a 1992 Wall Street Journal article, "A work ethic is more a psychological or spiritual state than an _ 
economic one. Just because Americans show up for work doesn't mean their hearts are in it - that they are finding 
fulfillment in labor or doing their best."2 Defining precisely what "work ethic" means is not easy. As a psychological 
state, it probably means that there exists an external financial, pleasure, or fear incentive for a person to work hard. 

The traditional work ethic incentive in American industry is fear of losing a job because most workers have no 
guarantee of permanent employment. However, American society has changed and few of today's workers remember 
the Great Depression, nor how people dreaded being out of work at a time when over 20 percent of the work force 
could not find jobs-and when Government-provided unemployment insurance and other social benefits were 
unknown. Today, America's relative affluence, even among the unemployed due to our generous welfare system, 
gives workers more options and explains in part what many observers see as a dwindling sense of worker duty, or 
perhaps loyalty to their ~mployers. Therefore, one answer to today's declining work ethic problem is the fact that 
with a diminishing (and psychologically undesirable) fear incentive, a much more desirable spiritual work ethic 
incentive should be nurtured by wise enterprise management. In this regard, I believe that work ethic as a spiritual 
state probably refers to a shared Judeo, Christian, and Islamic perspective which endorses "honest hard work" as 
being "good in the eyes of God." On the other hand, "slothfulness" is something to be despised in a person as 
evidenced by 12 different citations pointing out the drawbacks of a ''sluggard" in the Bible's Book of Proverbs 
alone!3 

. . · 

What is important here, however, is that such a spiritual incentivizing state appears to be diminishing.in the U.S. 
due to a cultural change, since according to the same article referred to above, "It is relatively rare to hear an 
American say they work harder than their parents." On the other hand, statistics cannot prove that Japanese, for 
example, work harder than Americans. We also know that Germans normally work less hours than Americans. 
Furthennore, whatever it is that makes people work harder, does not necessarily mean they will work smarter and 
hence become more productive. So it seems to me that whenever a person is given a chance to work at a 
psychologically or spiritually satisfying job, he or she will most often respond positively and work more effectively. 

The message for both manufacturing enterprise management and their change agent engineers is that spiritually 
incentivized individual initiative is undoubtedly the most important key to continuous improvement success where 
:•second best" is not good enough, and being a selfless team player is considered the right thing to do. Of course this 
is cont@)' to historical Tayloristic top-down·, fear-based manufacturing management paradigms, ~ well as many of 
today's so called "new world order" approaches since top management and governments do_ n.Q1 always know what is 
best for their companies, countries, and people. In fact, the record of man's development over the past five centuries 
sho':Vs that such intellectual elitism does not work. This was clearly exhibited by the total failure of the former .. 
Soviet Union's socialistic experiment where central government control through fear was absolute. Real progress 
throughout history has been spawned by individuals reaching for and attaining higher goals, in spite of the existing 
o~er. Therefore, it is the duty of enlightened nation state governments and manufacturing industry leaders to foster 
this natural human drive and not suppress it in order to create self-defeating power structures of the so called -
"cognitive elite." 

8?wever, managers must be aware of the fact that everyone is unique and has. different talents, even though they 
mi~! be assigned to the same job. This is illustrated in a story told in a well-known parable of two men of different 
abilities who both received promotions for their job performance, but a third man was condemned for sloth and 
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indifference for not doing anything because he did not believe that he could do the job. The parable lesson was that 
faithfulness in the use of whatever abilities are given to each ofus is what is required for success in life.4 

The lesson for manufacturing enterprise management is that every human being is unique from their fingerprints to 
their DNA. Therefore people are nQ1 e·qual and are only able to perform at varying degrees of effectiveness according 
to their individual gifts from God, regardless of how hard they try to do otherwise. Therefore, to achieve unifonnity 
of human productivity in a work force for some specific task, federal laws strongly encourage companies to hire, 
educate and train the less well equipped to attain the highest level of competence they can. This undoubtedly helps 
the poorly equipped workers, and makes up for some of the major deficiencies in the public school systems, but it 
also works as a disincentive to the best workers, because they will be underachieving if not also supported with 
continuing education and training. A better approach is to train, educate and motivate all employees as individuals 
so that everyone can reach his or her highest potential. Then, judiciously form them into teams to solve problems, 
recognizing that all participants will not be equal contributors . . 

It is interesting to note that the Japanese take a purely secular approach to introducing such values into the 
workplace. For example, their worldly value systems apply not only to for-profit companies, but also influence 
individual's respect for each other and dedication to their country. This implies that human motivation at all levels 
is the teal key to success in any venture. But the 11spirit" commonly referred to in Japanese company creeds I have 
studied is fo reality a desired "feeling" promoted by company management. At the other extreme, this can be 
contrasted to the "Holy· Spirit" that indwells· men and women who possess strong Christian beliefs which counsels 
and empowers them with a self-motivated work ethic and moral values that makes them "labor, performing with 
their own hands what is good, in order that they may have something to share with those who have need. "5 

A middle-of-the-road approach to building trust, respecting others' values and honoring employee's personal lives 
and commitments is not yet in common practice. However, an increasing number of "sensitive" managers recognize 
that old style command-and-control methods need to be changed in order to motivate employees to increase their 
performance. lne difference between these three different cultural approaches to adding "spirit" to a manufacturing 
company can be clearly seen in how the enterprise goes about managing its employees, dealing with its customers, 
and especially generating and distributing its profits~ At the bottom line, it is a fact that the clear purpose of any for
profit enterprise on the face of the earth is to make a profit on sales of their products and services. In this regard, 
Mcivor stated in a book about how Motorola regained its competitive leadership role in semiconductor 
manufacturing, 

"In its rightful plac~ at the top of the strategic, hierarchical structure, is profit - the superordinate goal of 
all businesses - regardless of their product or service, market, whether publicly or privately owned, or any 
number of other distinguishing features. How these profits are distributed between internal and external 
uses is outside the scope of this text. Only its creation has been addressed here." 6 

[ emphasis added] 

The key question of profit distribution was n.Q1 addressed by Mcivor, nor is it mentioned in other popular textbooks 
oli manufacturing that I have read or reviewed. Nevertheless, I believe that corporations should have an expressed, or 
unexpressed nobler goal that is placed above profit on the strategic hierarchy that helps determine the distribution of 
whatever profits they make. Even though the subject is virtually ignored by most textbook writers, profit 
distribution is one of today's most hotly debated topics by enterprise private owners, public shareholders, line 
managers, workers, union leaders, politicians, clergy and others. Therefore, unless corporate leaders understand the 
issue of greed versus selflessness relating to profit distribution they cannot effectively implement the enterprise 
success strategy I have outlined 'in my book. Therefore, I assert that the company leadership team must discuss, 
analyze and agree on the answers to two very important questions: (1) How should company profits be distributed 
for the benefit of the owners, workers, community, and other stakeholders? (2) What specifically should each share 
b.e used for? In this way of thinking, profit motive becomes the paramount issue of concern to senior management, 
n.Q1 profit making, and certainly not profit taking~ The lesson to learn here involves wisdom in decision making. 

Distinguishing Right From Wrong 
Most of us assume that rational people should be able to agree that doing the "right thing" is better than doing the 
"wrong thing." But this assumption may not always be true. It depends on how individuals personally judge right 
or wrong for any given situation. This can be· evidenced from differences in what people feel is the "right way" to 
spend their time, money and effort. We should all be able to recognize differences in priorities of workaholics, 
perpetual students, health club addicts, social butterflies, religious zealots, and recluses who rarely leave their homes 
and families. In this case, what is considered "right behavior" for one person might be perceived as "wrong · 
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behavi~r" by an~ther. So how ~an people with such diverse perspectives accurately judge whether any other person's 
action is rallx nght or wrong. . 

L"ttle children who cannot yet read learn right from wrong from their parents' spoken guidelines. "Don't throw your 
f~od 00 the floor!" "Pick up your toys and put them away when you're done playing with them!" In school, there are 
different rules that differ~ntiate right from wrong. "Don't copy from your neighbor's paper during this test." "Do your 
homework tonight and be ready to recite tomorrow." Rules for eating lunch in the cafeteria point out in part that, 
"The line forms here!" Driving a car or truck subjects a person to government-made laws. One "rule-of-the-road" is 
to drive on the right side of the street. But wait, ifyo_u are in England or Japan you must drive on the ktl side! 
And, believe it or not, traffic circle entry protocols are different between France and Germany. Enter confusion into 
the task of trying to determine right from wrong when motoring around the world. Obviously, laws, rules, ethical 
standards, and codes of right and wrong sometimes conflict. For example, children complain that their friends can 
stay out later than them, which "isn't fair." Some companies secretly pay wages that are below the legal "minimum 
wage." Amish people in parts of Pennsylvania use horse-drawn carriages on public highways which automobile 
drivers declare are hazardous. A more important question to ask is, "What happens if you break the above rules?" 

But you may ask, what ~ ~ when someone does not follow a guideline or breaks a law? The answer is 
that the person's conscience that can distinguish right from wrong should set off an internal alarm, since the 
conscience works to protect a person from harm by generating, for example, a "bad feeling" in the pit of the stomach 
that does not disappear until the "lawbreaker" takes some corrective action to make things right. Samuel Johnson 
once said, "Shame arises_ from the fear of men, conscience from the fear of God." This is a very important distinction 
since· most godly persons will almost always at least ~ to do right things because of the fear that the ever-present, 
all-seeing, invisible being will know when a person stumbles, or even thinks about doing something that they 
know will not be liked. For a believing Christian like me, the "Holy Spirit" dwelling within is a person's internal 
"alarm system" who brings appropriate.Biblical principles to mind and urges actions in keeping with their direction 
to prevent "lawbreaking." 

WISDOM - A PREREQUISITE FOR ENTERPRISE SUCCESS 
Based on all of the above and much more, the most important attribute of godly workers and bosses is that they 
have a conscience, and hopefully possess a generous amount of col~ective "wisdom." Again, wisdom is a person's 
ability to discern right from wrong. What precisely is right or wrong is all too often in the eye of the beholder as 
described earlier. For example, knowledgeable Christians, Jews and followers of Islam who all believe in "the God 
of Abraham" are well aware of the strict ethical and moral do's and don'ts that constitute a major part of their 
respective "Words of God", e.g. the Ten Commandment's "do's and "do not's." Close to the top of the list of "do 
not's," seven aspects of human behavior are pointed out in the Bible that are "detested by God" and which I assert 
should mm be allowed by enterprise leaders to become prevalent in their work force., These are listed in the table 
below with illustrations how such "ungodly" human attributes can be translated into undesirable enterprise 
workplace applications. · · · 

"UNGODLY" HUMAN ATTRIBUTE WORKPLACE APPLICATION 

.. Haughty eyes "Superior than thou" attitudes by people in important positions. 

----J A lying tongue Producing false advertising and sales pitches. 

Hands that shed innocent blood Failing to properly install safety devices in dangerous· products 
that could cause serious injury or death. 

A heart that devises wicked schemes Developing and implementing the worst of business stratagems. 

Feet that are quick to rush into evil Enjoying bribery, collusion, and other illegal activities. 

A false witness who pours out lies Lying about competitor's products to gain advantage. 
-
One who stirs up dissension among brothers. Takes pleasure in spreading rumors and gossip. 
-
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Thus, what is most important from having workers and leaders who conscientiously try to follow such "godly" 
teachings, is that wisdom will be on your company's side to help it rise above the rest! To help achieve this 
objective, -existing human behavior should be closely examined when analyzing organizatio~al structures as part of 
an effort to improve enterprise information systems as part of any enterprise reengineering strategy. In all cases, the 
leadership team should be wise in encouraging godly behavior and eliminating the opposite. 

SUMMARY AND CONCLUSIONS 
In my opinion, developing "godly" versus "worldly" human resources is the most important action any company 
can take to ensure long-term success. Whenever an organization is based solidly on ethical and moral principles, and 
its people truly want to follow them all of the time, I am convinced that God will be on the company's side and 
provide its leaders and workers with wisdom to make superior day-to-day as well as strategic decisions. In other 
words, superior infonnation systems and a wealth of knowledge from experience are needed to make effective day-to
day management decisions, but wisdom adds understanding of what is really important, and which can be 
sometimes contrary to what available data seem to suggest. 

Finally, in regard to the spiritual dimension, the following quotation can be found in a prominent location in the 
halls of the U.S. Capitol Building in Washington, D.C., and every person concerned with the competitive position 
of United States manufacturing industry should give it serious consideration. 

"I sought for the greatness of the United States in her commodious harbors, her ample rivers, her fertile fields, 
and boundless forests - and it was not there. I sought for it in her rich mines, and vast world commerce, her 
public school system, and in her institutions of higher learning.- and it was not there. I looked for it in her 
democratic Congress and her matchless Constitution - and it was not there. Not until I went into the churches 
of America and heard from her pulpits flame with righteousness did I understand the secret of her genius and 
power. America is great because America is good, and if America ever ceases to be good, America will cease to 
be great!'.' 
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CONFLICT: AN INHERENT AND DISCOMFORTING ASPECT OF ORGANIZATIONS 

Robert J. Miller, PhD. 
Northern Michigan University 

ABSTRACT 

Managers can be better prepared to use information available in conflict settings if they are able to do a few 
basic things. By perceiving COD;flict as a healthy and normal part of organizations, by understanding that 
cognitive orientations are a major part of the conflict generating process, and by being exposed to varied 
experiences m~agers will experience less anxiety and be more capable of process the information generated by 

conflict. 

Managers are generally not willing to work with conflict in a manner which will result in significant benefit to their 
organization or its participants. Their discomfort with conflict is clearly demonstrat~d by Blake and Mouton in The 
Managerial Grid where they report that managers most often avoid conflict and least often confront it while, at the 
same time, these same managers see avoidance as the least effective mode and confrontation as the most effective mode 
for dealing with conflict. This pattern is due to managers feeling that conflict is an indication that something is wrong, 
their feeling that they will be ineffective at doing much about it, and their resulting high level of apprehension about 
conflict. Further, managers' apprehert$i'Jn is a primary source of impairment of their ability to handle conflict. The 
premise of this paper, therefor, is that conflict is, of necessity, built into organizations, that a primary management 
activity is, or should be, the use of conflict to improve organizational performance, and that by perceiving conflict as 
a healthy, normal, and never ending process, managers will be less anxious about conflict, and will be better able to 
work with it. 

How managers perceive conflict will heavily influence how they deal with it. If they see conflict as a threat, they will 
avoid it. If they see it as an opportunity, they will seek it out, confront it, and work through it. Conflict is built into 
organizations when different jobs, departments, divisions, or other areas of focus are established. · Conflict generated 
by this division of work is necessary for organizations to function as it generates essential information about the many 
aspects of the organization's televant environments. This conflict also provides necessary stimulation, creative 
responses to new situations, and promotes the development of real understanding (as distinct from agreement). 

The real challenge is to develop in managers and employees increased capacity to work with, and process, information 
in conflict situations which would traditionally have been viewed as contentious, hostile, and frustrating. To improve 
their willingness and ability to work with today's difficult conflicts, managers must first accept conflict as a normal 
and healthy part of organizations (Lawrence and Lorsch in Organization and Environment, 1967, advanced this view 
most effectively). Next, they must understand the cognitive nature of the differentiation process so they are willing 
and able to work with the wide diversity of information generated. Managers must be able to work with conflict 
without experiencing undue anxiety·which can impair their use of information generated. They must work to improve 
the quality of decisions which result from ongoing processes of integration of the diverse views available. Finally, 
managers must avoid the pitfalls which accompany most approaches to conflict offered to them. In other words, 
managers must develop the capacity to not just tolerate differences, but to enjoy them, to not just tolerate arguments~ 
but to relish them for the new perspectives they generate, and to never cease in their efforts to generate and solve new 
PllZZle patterns in their relationships with organizations, customers, colleagues, and jobs. 

DIFFERENTIATION AS A COGNITIVE PROCESS 

The process of job specialization in organization~ results in what Lawrence and Lorsch called "differentiation" in which 
people in different departm~nts or areas of specialization develop different cognitive orientations toward goals, time, 
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people, and structure. As Zajonc points out in "Cognitive Consequences of a person's position in a formal orga. 
nization" in Human Relations, individuals perceive the world differently and think differently as a result of cognitive 
tuning in which their conceptual structures are shaped by their experiences. The resulting differences in obseIVations 
they bring into the organization affect the decisions they make and the activities they carry _out. 

Dealing effectively with conflict in organizations is problematic due to the wide range of dimensions on which these 
conflicts can occur. Conflicts which arise as a result of differentiation can be expected to encompass fil!.dimensions 
or characteristics which affect or are affected by people and their work. Managers can expect conflicts related to such 
diverse areas as goals, values, perceptions, interpersonal styles, organizational structures, and cognitive styles. They 
can, in other words, expect disagreements on any and all dimensions on which it is possible to measure such things 
as personalities, perceptions, jobs, processes, and organizational characteristics. Any approach to effectively using 
conflict in organizations should be capable of working with any or all of these d~mcnsions. 

Pascale offers examples in Managing on the Edge: How the Smartest Companies Stay Ahead to demonstrate the need 
both for diversity of view points in organizations and for strong advocacy of those view points. While his approach 
is excellent at emphasizing structural aspects of the organization which can facilitate the maintaining of differences 
and the i~tegration of those differences, his conceptualization of the process of differentiation underemphasizes the 
cognitive nature of this process. He only briefly mentions the near bankruptcy of Chrysler Corporation, referring to 
it's salvation through _the "fortuitous selection of Lee Iacocca" (107). 

When Chrysler's experience is looked at from the perspective of cognitive tuning, a better understanding of what 
happened is possible. Top level managers at Chrysle~ Corporation made the decision to eliminate all but the highest 
profit per unit models in an effort "to lowering the breakeven point" (114 ). The car models retained> unfortunately for 
Chrysler, were not capable of being sold when fuel prices went up during the Arab oil embargo. The car models which 
had been eliminated were the small models to which customers turned when fuel prices soared and Chrysler had none 
in their vehicie lines. What Pascale doesn't point out is that much of Iacocca's success was based upon the range of 
areas of the organization through which he was rotated in Ford, while Chrysler had been allowing managers to move 
straight up through the organization with little experience outside of their field of specialty. The difference was Ford's 
conscientious effort to assure that higher level managers have broad based experience which better prepares them to 
understand divergent perspectives and improves their ability to work with the conflicting views in the organization. 
This approach by Ford, implicitly, represents a recognition of the process of cognitive tuning which occurs and its 
impact upon the use of conflicting viewpoints. In the past an organization might have been able to rotate top level 
managers so as io offset the weaknesses of a manager with strengths in his successor, but as competition becomes 
keener and changes occur more quickly, there is not enough time, or slack, for an organization to be able to afford such 
an· inefficient means of assuring advocacy of _divergent viewpoints. 

STRESS, COGNITIVE STYLE, AND CONFLICT 

The stress which managers experience when faced with conflict is an important consideration for its impact upon their 
subsequent responses to a conflict situation. Schroder, Driver, and Streufert described in Human Information 
Processing the effects of felt stress in reducing the amount of information processed by individuals. Stress experienced 
by an individual or gr9up seems to consume information processing capacity and, thereby, reduce the other information 
content processed. Managers who are capable at processing the information required to perform their job well und~r 
conditions oflittle or no stress can become incapable of processing even minimal information when under stress. This 
means that conflict situations which generate additional information, but which are stressful, will have the result of 
reducing the net amount of information processed by those participants who are overloaded as a result of the stress they 
are experiencing. 

As a result of the process of cognitive tuning described above, individuals differ in the amount of information they 
utilize in any given area of knowledge. Schroder describes in '_'Conceptual Complexity and Personality Organization" 
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. p rsonality Theory and Information Processing. the differences found in the amount of informatio_n integrated into t . e·ons by individuals who are high in conceptual complexity and those who are low in conceptual complexity in the · = of knowledge (Schrod~r and ~s colleagues call them domai~s). ~gh c~~plexity individuals and groups utilize 
re information, when it 1s available or can be sought out, m their dec1S1ons (262-267). Managers who have 

m~rienced less variety, on the basis of this work (247-248), can be expected to use less information in making 
:ecisions. This means that they peak. sooner in information processed when attempting to deal with increasing 
amounts of information. Since anxiety acts as though it were information in taking up capacity (above), this also 
means that low conceptual level individuals more quickly overload due to anxiety, while higher conceptual level 
individuals continue to process more information before they experience overload from the combination of anxiety and 

infonnation. 

ADVERSE EFFECTS OF SOME CONFLICT APPROACHES 

When managers look for ways to deal with conflict they are faced with perspectives which, at best, convey mixed 
attitudes toward conflict. In the Tjosvold's The Conflict Positive Organization: Stimulate Diversity and Create Unity 
he indicates that conflicts over how to handle conflict "are particularly hard to handle" (2) and that: "Conflict can of 
course be highly costly. Uncontrolled conflict rips apart relationships, sabotages collective work, and devastates 
people" (3). This introduction to a book which argues in favor of organizations in ·which conflict is encouraged is 
enough to give any manager who has doubts.about his own ability, or the ability ofothers in his organization, to deal 
with conflict substantial reason to pause. Tjosvold inadvertently adds to the apprehension managers experience by 
listing as the first benefit of conflict "Problem awareness. Discussing frustrations identifies poor quality, excessive 
costs, injustices, and other barriers to effectiveness" (3). The very term "problem" conveys the view that something 
is wrong, and the labels ("poor", "excessive", "injustices", and "barriers") serve to emphasize this point. Even this most 
supportive view of conflict in organizations leaves much to be desired when it comes to alleviating the concern and 
trepidation of managers. Other literature on conflict in organizational settings is even less likely to make managers 
comfortable with the process of confronting the diversity of differences built into the organizations they are managing. 

An appeal of the Taylor's approach set forth in The principles of scientific management is its treatment of conflict as 
being due to poorly organized work processes which can be solved by a straight forward process oflogically breaking 
work into discrete sets of activities so as to have the parts fit neatly together. As conflict is considered to be due to 
mistakes in either logic or factual understanding which result in errors and disagreements, most differences such as 
those dealing with values, perceptions, personalities, and time orientations are assumed away. Conflict is seen as 
evidence of failure by managers to organize the· work, or of failure by employees in their efforts to carry out the work. 
Managers holding this view are unlikely to even want to admit conflict exists and when they do admit it exists, they 
are unprepared to deal with any dimensions outside of the logic of the work flow. This approach, in other words, 
encourages managers to avoid dealing with any dimensions other than the engineering of the work processes. 

Advocates of negotiation, such as Nierenberg in The Art of Negotiating: · Psychological Strategies for Gaining 
Advantageous Bargains, promote methods and approaches which can be used to maximize the gain of an individual 
or party (generally the negotiator) to the conflict process. Reference is made to cooperation as important in the 
negotiation process, but Nierenberg restricts the meaning of cooperation to the principle that "all parties must come 
way having gained something" (31). The approaches to conflict offered by Nierenberg are primarily predicated upon 
a lack of trust between the parties and while reducing some of the information to be processed by each participant, do 
so at the cost of eroding trust. While conflict is talked of in this literature as something which will always exist in 
organizational settings, the zero · sum approach to conflict advocated can prohibits development of the cooperation 
necessary for overall organizational performance which requires some suboptimization of the parts for the good of the 
":h~l~. This approach, instead, pits the parts of the organization, whether individuals, groups, departments, or 
di~ons, against one another in a destructive competition. Most managers will recognize the self defeating nature 
of ~s approach and will see such conflict as destructive, to be avoided, smoothed over or resolved quickly through the 
forctng of a solution upon the parties to the conflict. Few managers will become more comfortable with conflict as a 
result of studying the literature on negotiation, and the ones who do are likely to be opportunistic and predatory in their 
approach to its use. · 
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An ·th t f · f nfl · ct hich Rahim in Managing Conflict in Organizations called neoclassical, treats 
o er se o views o co 1 w . . ed b al . th · al . t " (S) Thi 

"conflict as due to maladjustment of individuals which should be ehmmat . Y termg e soc1 sys em • s 
approach views conflict as evidence of tensions between indivi~uals and the so~ syste~ around the~. Bo~ managers 

· and workers are viewed as seeking participation in a productive and harmomous. social. system ~th w~ch they ~an 
feel at one. A manager is expected to redesign the organization so as to achi~ve this harmo~y. ~le ~s p~rs?ec~ve 
gives acceptance to the values and concerns of participants which are not bemg met by their orgamzations, _it n_nph~s 
that tensions between these values and others should not exist. Unfortunately, the goal of harmony embodied m this 
approach is elusive, if not downright impossible, and managers find themselves frustrated in their efforts to find a 
system design which will produce the desired harmony. In addition, it expects a mana~er t? step back fr?m the conflict . 
and process complex information about a whole host of variables such as the orgam~ation as a social system, the 
participants hi th~ system, their relationships, and the content of the conflict issues. Needless to say, a manager who 
is already experiencing any anxiety about conflict will quickly overload when faced with the task of attempting to 
incorp.orate ail of this infotma~on into any workable decision. 

In the approach to conflict which Rahim advocates, he argues for a situational approach to conflict resolution in which 
a manager attempts to maintain an "optimal" level of conflict and in which the manager makes a determination of 
which mode of resolution to use based upon such aspects as issue importance, problem characteristics, and time 
constraints (37-56). In actual practice we see managers using the rationales offered by Rahim to justify whatever 
approach they wish to use. For example, a manager might defer a decision until little time is available, then because 
of the shortness of time, force his decision upon others. A manager who is uncomfortable with conflict, or who sees 
little or no benefit to be derived from conflict, will be the first to use such rationales as a pretext to avoid or force 
closure on conflict issues and the idea that there is an optimal level of conflict can be used in conjunction with such 
approaches and rationales. To the manag~r who is uncomfortable with conflict this optimal level will be much lower 
than to others who are more comfortable with conflict, or to whom the issues are more important. 

SUMMARY AND CONCLUSIONS 

Approaches to co~ict _whic~ imply , that problems exist, or that it has to be resolved, leave managers and others 
frustrated and feelmg like failures. These approaches inadvertently encourage avoidance and smoothing over of 
differences as managers attempt to stave off the inevitable lack of ability to get rid of the conflict through resolution. · 
To break the cycle of frustration managers must stop seeing conflict, and the information it generates as evidence of 
problems to be resolv~d. They must leapi to see it as ongoing evidence of opportunities. This vie~ of conflict is 
r~presented in Lawr~~ce ~d Lorsch's {~ 969) ~ew of organizations as continually maintaining differentiation. while 
simultaneously obtaimng hig~ lev~ls o~ mte~tion ~f the divergent views as an ongoing dynamic process. Managers 
~eed to ~e exposed to conflict situations m _which they experience success in processing complex and varied 
1nformat1on so they become adapted to working under such conditions. In this way mana d 1 th 

b. · f _.c, 'th • . gers can eve op e 
com matlon o couuort WI confhct and conceptual complexity which will prepare them t b J!C. ti' · aki 
d · · · th I d • o e euec ve m m ng ec1s1ons m e comp ex an rapidly changing world of business. 
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ABSTRACT 

In addition to a knowledge base of computer, problem solving and communication skills, technical 

professionals for the 21" Century will need a foundation on bow products are made and produced. This 

_presentation introduces .a multi-level and innovative curricula program that introduces the fundamentals of 

manufacturing to students. and prepares them for a career in manufacturing. 
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INT_RODUCTION 

Manufacturing is vital to the United States economy and military security, quality of life and environmental health. 

One-fifth of the U.S. gross domestic product comes from manufacturing, and approximately 17% of the workforce 

are directly employed in manufacturing, with two~thirds of them in small firms [1]. As the rapid pace of technology 

changes, so does the development and applications of manufacturing. The deployment of manufacturing 

technology is also strongly supported by computer control and integration of production processes and the 

management of information to make decisions [2]. To prepare a technical workforce for manufacturing, several 

government agencies have demanded that systemic and comprehensive training and educational initiatives be 

developed that promotes knowledge and skills that focus on how "products" are designed and made at all learning

levels. Manufacturing education and training was listed as one of the most critical areas for manufacturing 

competitiveness. Recognizing that computer, communication, and problem solving skills are critical attributes of a 

skilled workforce, educational institutions must take the lead in providing a foundation of manufacturing knowledge 

for pre-lifetime employment of potential workers. In response to the aforementioned issues, an interdisciplinary 

team of faculty was formed to develop an innovative approach to integrate manufacturing education at one such 

institution. 

This paper will briefly describe how one institution is developing and implementing comprehensive educational 

and training programs to provide manufacturing education and experience for a broad range of students in order to 

contribute to a world "'Class manufacturing workforce for ·the future. These initiatives are targeted towards high 

school graduates, and business and engineering disciplines at an university. The following sections describe the · 

program for pre-college students, the integration of manufacturing education for engineering disciplines, and later 

discuss an interdisciplinary approach to manufacturing education for business and engineering majors. These 

initiatives are summarized in Table 1. 

PRE-COLLEGE PROGRAMS FOR MANUFACTURING EDUCATION 

There is a need for higher educational institutions to develop innovative learning programs for elementary and 
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Table 1. Summary of initiatives for interdisciplinary approach to manufacturing education. 

·OBJECTIVE PRE-COLLEGE . BUSINESS AND ENGINEERING CURRICULA 

WHEN Summer programs; Freshmen to Senior classification. 

HOW Pre-engineering courses; student Manufacturing related engineering courses; plant visits; 
projects; speakers; lectures; videos; design for manufacturing projects; videos; C~J?IC~M 
multimedia courseware. software; machine tools; student organ1zat10n. 

· Interdisciplinary course. 
WHAT What is manufacturing; How things Fundamental of manufacturing engineering; 

work; What is engineering. Business concepts for manufacturing; 
EQUIPMENT Manufacturing · education laboratory Manufacturing education laboratory resources. 

resources. 

secondary students and link them with available career choices. To introduce students to the exciting field of 

manufacturing as a career choice will dispel unwanted myths and promote opportunities in a field of high demand. 

In addition, wages of manufacturing. workers are 20-30 % higher than in other sectors, and manufacturing firms 

employ three-quarters of the Nation's scientist and engineers. 

Different levels of technical and vocational education exists in high schools and colleges, but more programs should 

provide pre-college students with an early and continuous experience of designing and making things. Most 

university-a~credited engineering programs across · the country have summer pre-college programs to introduce 

students to engineering,' and ·~ese are more even more attractive and beneficial for under-represented groups in 

science and engineering. . To expose these students to. the knowledge and benefits of manufacturing careers, several 

initiatives are integrated with several on-going or newly established programs for potentially Freshmen students at 

this institution. 

Three pre-college summer programs are operated that lasts from one to eight weeks. Depending of the program, 

students have the opportunity to do eith~r research or take pre-engineering courses for college credit. Integrated 

into each program is a component for being exposed to the concepts of manufacturing. For example, the student 

~ay be ·given a small project in manufacturing design and produce an actual prototype of that design. The student is 

· also required to do extensive _ literature research on manufacturing via multimedi~ courseware, video, Internet and 

library resources, and hands-on applications. Several local speakers fr~m manufacturing companies also introduce 
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the students to the field of manufacturing, and a tour is typically scheduled of a production facility. At the end of 

the summer, the student presents a summary of his/her accomplishments. Though the summer pre-college programs 

are primarily aimed to attract students, they also benefit from learning about the college experience and knowledge 

about manufacturing. 

INTEGRATING MANUFACTURING EDUCATION IN ENGINEERING 

There is a strong relationship between the undergraduate and graduate education of engineers in the U.S. and the 

country's competitive position in manufacturing. To meet the demand of companies to produce high quality goods 

and services, entry-level engineers must have the necessary skills to design and operate engineering systems that 

contribute to manufacturing productivity and global competitiveness. As a result, engineering colleges have begun 

to restructure their curriculums to address the concerns of industry and prepare students for careers in 

manufacturing. Without having a designed curriculum major in manufacturing, traditional engineering disciplines 

can nevertheless integrate the fundamentals of manufacturing. The most effective method is to provide an 

interdisciplinary laboratory that is primarily focused on manufacturing education, and offer elective courses in 

manufacturing. 

To encourage the integratio~ of manufacturing concepts across the disciplines of engineering, a laboratory was 

developed for that purpose. The Computer-Aided Manufacturing Education Laboratory (CAMEL) is an 

interdisciplinary learning-laboratory for using intelligent software and hardware for the design and optimization of 

manufacturing products using computer-aided design/manufacturing (CAD/CAM) software, numerical control 

machine tools, simulation languages, statistical software, and multimedia courseware. Other hardware equipment 

include robots, a rapid prototyping machine, Sun workstations and personal computers. The virtual laboratory is 

open to all disciplines, and all students us~ the laboratory at some point during their academic studies. All faculty 

encouraged their students to use the laboratory to complete '_'design for manufacturing" . related assignments and 

proje~ts. The laboratory is also used as a resource to support student organizations (Society of Manufacturing 

Engineers), and is used as a touring site for pre-college students and visitors. Two manufacturing elective courses 

are also offered for all engineering majors. 
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BUSINESS AND ENGINEERING INTEGRATION 

Toe engineering curricula of the future will demand more cross-functional training and education to promote 

breadth of knowledge, team-based skills, and business sense [3]. The need for a diversity of skills has also 

increased for college graduates. Business schools provide students with a thorough knowledge and understanding 

of the function~g of the business world, yet are very limited in providing the background and skills for technology 

man~gement. Engineering education excel in the teaching of analysis, design, and processing, yet is limited on 

business principles and the management of organizations. Since most _problems and solutions in industry are 

· interdisciplinary, business and engineering schools should reflect and model the same decision-making integrated 

approach. The interdisciplinary faculty team decided to develop an elective senior-level course to teach the 

knowledge of business and manufacturing knowledge, improve communication skills, and the ability to work in 

teams. The course is highlighted by being composed of half business and engineering students, completing a real

world industrial design project, team teaching, and working in teams from different disciplines. Table 2 shows the 

characteristics and content of the course. The response from the students have been overwhelming, and a number of 

companies have stressed the value of ,this type of educational experience. The course is taught from a problem

based learning approach. 

Table 2. Interdisciplinary course for business and engineering majors. 

Course Title Course Content Skills & Knowledge Instructional Techniques 

Manufacturing • Baslc • Teaming; • Team teaching; 
Management accounting, • Problem- • Problem-based learning; 

marketing and solving; • Industrial design projects; 
finance; • Communication • Case studies; 

• Fundamentals· • Business & Oral/written reports; .. 
of manufacturing • Multimedia courseware . 
manufacturing; fundamentals. 

• Quality control; 
• Management of 

technology. 
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CONCLUSIONS 

The manufacturing environment in the future will require individuals with communication and cognitive skills and 

the ability to apply computer knowledge for cus~omize fabrication and automated production. To prepare for this 

changing environm~nt, a technologically literate workforce is necessary to enter and contribute to the infrastructure 

of manufacturing. More colleges and universities are developing innovative approaches to address the need for 

more manufacturing education and training. This paper describes only one unique approach from an 

interdisciplinary prospective to educate students on the fundamentals of manufacturing. The benefits will be a more 

competent and diverse workforce and a more competitive manufacturing economy. 
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Abstract 
The ·World Wide Web has become an important new medium of communication and a large number of 
individuals and organizations have set up Web pages. Although a large number of students have surfed the 

· ·web, most are not familiar with designing Web pages. This paper discusses Web page design. 

Why Design A Web Page 
The Internet has become an important medium of communic&tion in recent years and a large number of 
organizations and individuals have set up Web pages. The number of Web pages has been increasing every 
year for the last several years. Since there is a lot of clutter, it becomes important to design an attractive 
Web page to attract visitors. Many employment opportunities exist as a Web page designer, since more and 
more companies are striving to put an eye catching Web page for attracting customers. 

A course · on Web page design was taught at Saint Andrews Presbyterian College (Laurinburg, North 
Carolina) in winter 1998. This paper presents the ideas that were utilized in this course on Web page 
design. 

A Simple Web Page 
It is always a good idea to start with a minimal page, and enhance it with links, colors, images as more 
knowledge and experience is gained. Animation and short motion pictures can also be used to make it more 
lively and dynamic. A Web page should be interactive in some ways with the text, images and links all 
relevant to the message you want to convey. !o begin with, a student may include the information like this: 

• Yourname. 
• Y 01:1r address. 
• High school or college from which you graduated. 
• Company where you plan to work. 
• . Your hobbies. 

A student can create an HTML file to do this, or alternatively, use a Page Wizard, which will allow the use 
of N_etscape Comp~ser \.V~th windows. For_ a beginner, it is instructive to use the first option in order to 
obtam some proficiency m the use of basic HTML language. A very basic HTML document for this 
objective will look like this: 

<HTML> 
<HEAD> 
<TITLE> Page under construction. <ffITLE> 
</HEAD> 
<BODY> 
<P>Milwaukee: My City. 
<P>University of Wisconsin-Milwaukee: My Alma Matter. 
<P>Hewlett Packard: The Company Where I Would Like To Work 
<P>My Hobbies: Jogging, Travelling, Meeting People.</P> · 
</BODY> . 
</HTML> 
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This document uses tags, which are essential to every HTML document. These are used to denote various 
elements of an HTML document~ like headings, paragraphs, lists of items, etc. A tag consists of a left angle 
bracket(<), a tag name, and a right angle bracket (>). Note that most of the tags used in this document 
come in pairs, with the ending tag having a slash in it. Thus <head> </head>, which encloses the <title> 
</title> tag; <body> </body> that contains most of the information in the form of paragraphs using <p> 
tags. This document can be uploaded on a Web server that can put an HTML document on the World Wide 
Web. . 

Enliven Your Web Page 
There are a variety of features like links, background colors, animation and video games that can be used to 
make your page attractive and lively. We will start by adding some links, and go on to explore some of the 
more exotic features like animation with Java applets, motion pictures and video games. As an example of 
adding a link, let's add a link to a search engine Yahoo by typing: 

<UL> <LI> A HREF=http://www.yahoo.com>Search by Yahoo.</A> <UL>. 

These lines should be typed between the <BODY></BODY> tags of your document. Here, an unordered 
list is provided by a tag called <UL>/UL>. This list contains items indicated by <LI> which stands for the 
list item tag that is followed by an individual item, in this case the URL (Uniform Resource Locator or 
Web address) for Yahoo. The statement Search by Yahoo is called hypertext, which will appear in mark 
up style in your Web page in the browser and when clicked would take the browser to the URL for Yahoo. 
Where <IA> is the closing anchor tag. Other well-known search engines are Alta Vista, Lycos, 
Webcrawler, and Infoseek. These can be used to look for the URLs of the Web pages of schools, cities etc, 
provided such pages exist. Links provide a variety of choices to visit interesting sites, and your 
imagination and interests determine the number of links in your page. An interesting link for some of the 
sports fans could be: http:\\ESPNSportsZone.com/nhl/index.htm. However, using a picture as a link to 
click on brings _ out the quality of the page and gives it a better appearance instead of just words. _As an 
example, some of my friends who are in sports use Nike and ADIDAS logos in their pages as links to their 
activities and interests in sports. 

Colors and Images 
Color in the background can help to give your page an eye-catching effect. However, it should not be so 
bright that it obscures the text. There is a six-digit color code that assigns a color to a link, text or a page. 
For example, placing the following codes within the <Body> tag will result in the indicated colors: 
BGCOLOR="#FFFF00". will change the page background to yellow. TEXT="#00FF0" will change the 
text to green LINK="#FF0000" will change the text of a link to red (which is blue by default). All of these 
effects can be incorporated at the same time by writing them as a body tag, <BODY BGCOLOR"= 
#FFFF00" TEXT="#00FF.00" LINK="#FF0000>. 

Images can also be used to decorate your Web page. These should be selected carefully, so that their 
presence does not draw attention away from the text or its objective. An image file is called a 
filename.jpeg, filename.jpg or filename.gif. For example, the following tag can be enclosed between the 
<UL> </UL> tags of your page: <LI> <IMG SRC>="bumblebe.gif'>. This establishes a link to the file 
bumblebee.gif containing the code for the image of a bumblebee and thus bumblebee image would be 
displayed. 

Images can also be used as the background to give a new look to the entire page. One of my favorite 
background images is that of the blue sky with scattered clouds. This can be inserted by adding the 
following URL to your <Body> tag: <BODY BACKGROUND=Error! Bookmark not defined. 
TEXT="#0000ff' LINK="#FF0000" VLINK="#800000" ALINK="#008000">. 

Personal and Professional Web Pages 
A major difference between a personal and professional Web page is that of the intended. audience. A 
personal Web page is more about one's personal choices, achievements, hobbies and goals. It is intended 
for you and me with individual preferences and choices in mind. One link that a personal page should have 
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is about your background information so that the people visiting your Web site can learn so~ething about 
you. It may also include your photograph. For people to have some fun on your Web site, you may 
include some moving pictures and simple 'video games. You can learn a lot about h~w a go?d. personal 
page should look like, by visiting the Web pages of other people, and see what you _hke or dislike about 
them. A professional page, on the other hand, is designed with business in mind. The language is usually 
formal with increased concern towards product promotion. Most of the links could be to the pages within 
the company banner. For instance, the Web site of Microsoft (http://www.Microsoft.com) has news 
clippings and articles about the company. On the left-hand side is contents column about different parts of 
the company. It is not very colorful, no animation, mainly just a plain professional description about the 
company. On the other hand, Macromedia (http://www.macromedia.com) has a moving image that gets 
your attention. Their welcome page can also be read in different languages, with a nice background and a 
logo in the upper left comer. It can enhance your knowledge of what Macromedia has to offer if you take 
the time to go-through all the .different options available on the Web site. 

Animation 
While color and images in the background help to make your page starid out more clearly, it is the moving 
text and images that really make it come to life. When a series of images is produced in rapid succession, 
it generates the effect of moving objects on the screen, and is called animation. HTML is not a 
programming language, it simply allows the user to present data to the Web browser. Java is a 
programming language created by Sun Microsystems to develop applications, applets and servlets. The 
capabilities of HTML are enhanced by applet tags on client machines and by servlet tags on Web servers. 
In addition, HTML can utilize animated gif files to produce animation. It should be mentioned that both 
Microsoft Corporation and Netscape ~orporation have developed improved versions of HTML called 
dynamic HTML. However, the two versions are incompatible with each other and therefore not discussed 
in this paper. · 

Conclusion 
The World Wide Web has emerged as the latest mode of communication and has grabbed the attention of 
an increasing large audience worldwide. This paper presented the fundamental concepts and methods 
involved in Web_page ~esign. Topi~s like animation using Java or animated gif files and attractive aspects 
of Web page design usmg color and images were also discussed. 
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ABSTRACT 
A good Presentation is a vital tool in all areas of business. This article defmes a 
good presentation and the ways it used in business. The use of Presentation 
Authoring Software is growing as the Internet and the presence of Personal 
Computers increases. The major Presentation Authoring Software of 
PowerPoint and HTML are compared and the individual uses discussed. 

DEFINE A MULTIMEDIA BUSINESS PRESENTATION 

DEFINITION OF BUSINESS PRESENTATION 
In a business presentation, the primary objective is to convey information 
persuading the audience to do business with your company: The information 
needs to be presented in a manner that keeps the audience involved and focused 
on the subject. The audience needs to be able to comprehend the material yet 
still be challenged and guided to want to discover more. A good business 
presentation should have a purpose, be creative and entertaining. Three basic 
Business Presentations include sales, query, and leadership. 

Sales Presentation 
Most businesses use sales presentations. A sales presentation convinces the 
audience that you have the best product or service in the market place. The 
presentation should be a positive explanation of the product or se~ice not a 
bashing of competitors. Sales presentations use methods such as demonstrations 
and testimonials from satisfied customers. Organizations use sales presentations 
to introduce new ideas, fundraising, and promotion. Sales presentations should 
be direct and to the point. The customer's (audience) interest and time are 
valuable. The presentation should focus on motivating the audience to purchase 
what your company is offering. 

Que,y 
A new form of business presentation growing in importance is the query. This 
presentation is used to obtain information that will allow businesses to improve 
operations. It may use a focus group with a moderator asking questions about 
specific topics. Many companies are using this methoq to target consume,s and 
improve service. The best method is the personal interview, but this method 
takes time and can be expensive. Some businesses offer a gift in exchange for 
completing a questionnaire or participating in a survey. This practice can bias 
the results but usually results in a large participation. A good query should be 
very concise and easy to understand. It should contain a limited number of 
questions with multiple answers. The quality of the information obt~ined is 
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often a result of the methods used to obtain the data. 

Lemlmhip Role . 
A leadership role is important in all aspects ofbusi~ess. Le~der~h1p 
presentations may take the form of teaching, coachmg, motivatmg or. 
implementing new programs. The way that information is presente~ 1s very 
important to an organizations success because most ~eople do no~ hke change. 
Toe presentation will be successful only if the associate ha~ a desrre to chang:. 

. The associate must be motivated and understand the resultmg benefits or ments. 
-This is true whether a manager is coaching operative personnel or the CEO has 
just implemented a mandatory program. The audience must be motivated to 

.· ~articipate in order for the change to be successful. 

All forms of business presentations discussed convey a message to a targeted 
audience to obtain a specific response. This response could be getting a new 
account, selling a product or convincing the oldest most respected associate' s 
that the new changes will not hinder their job performance. This will only 
happen if the presenter is prepared and knows the material. _Good preparation 
makes a professional and positive message delivery. 

One of the most important considerations of the business presentation is the 
• audience. You must answer the following questions: 

• Do you know the audience? 
• Do they have an interest in what you are presenting? 
• Do they understand what you are presenting? 

The presentation should be tailored to the audience, and the audience should be 
encouraged to participate. It should key on any feedback from the audience 
during the presentation. The presenter should know the material and be able to 
make adjustments to create more participation or maintain a high level of 
interes~. The message will be successful if presented to the audience in a 
manner they understand and hold their interest. 

COMPUTERS IN BUSINESS PRESENTATIONS 
The use of a ·computer in business presentations is fast becoming common 
practice. This use can take the form of websites, interactive presentations, and 
visual aids. Authoring software for business presentations commonly offer 
convenience and ease-of-use because most of them have been designed for 
non-technical experts. Besides these two qualities, good presentation software 
enables presenters to create slides suited to their type of presentation. 

PRESENTATION AUTHORING SOFTWARE 
Two·major software auth9ring packages are Microsoft PowerPoint and HTML. 
Power Point is the most recent authoring software of the two and also the most 
~asic. ~TML is a language used to make presentations and is commonly used 
m websites on the Internet. Both packages can be used along with graphics, clip 
art and assorted backgrounds to create a dynamic presentation. The software is 
compatible with Microsoft Windows so you can ·copy, paste or insert a file into 
your presentation from word processing and spread sheet files. 

HTML 

The HTML l~nguage is a manual format, used in c·onjunction with. editors or 
word p~oces~mg software produced by several companies. It starts with a report 
or text m wntten form. Then it is edited for the presentation by inserting terms 
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that tell the computer how it is to be presented. These terms are used to insert 
background color, animated gifs, and sound. HTML is mainly used on the 
Internet because of its linking capability. Businesses can link many websites to 
each other or set up a query in the form of surveys or guest books on a separate 
page. The linking ability also allow customers immediate inquiries through 
email by automatically linking them to their e-mail address. HTML has the 
ability to move up and down a page with the click of a mouse. This leads the 
audience directly to the topic ofinterest by clicking the mouse on a key word in 
a paragraph or table of contents. The linking capability is a good characteristic, 
but it is a manual function used primarily on the Internet or in a one-on-one 
situation. 

PowerPoint 
PowerPoint is part of the Microsoft Office software package. PowerPoint's key 
feature is the Auto Content Wizard. The Auto Content Wizard includes 
presentation topics to choose from, as well as criteria for structuring your 
presentation. The wizard asks you questions about the type and color schemes. 
The wizard designs a presentation outline based on your answers. Once you 
answer all of these questions, the wizard structures your presentation and you 
fill in the outline. This can be done in form of bullets, paragraphs or graphs. 
There are individual wizards to assist in incorporate files from Word, Excel, or 
Microsoft Access documents into your presentation. When the outline is 
finished choose the view feature to see how the presentation will look in slide 
form. This feature allows you to customize each slide changing color, font size 
or editing. Other features include slide sorter that edits the order of the slides. 
The notes' feature allows you to make notes to correspond with individual 
slides. There is also a wizard that customizes printed handouts to accompany 
your handouts. The slide presentations can be shown manually or in timed 
increments. The timed increments are useful when there is a time limit on your 
presentation. 

COMPARISON 
Comparing.PowerPoint to HTML software for use in business presentations is a 
difficult task because of the different modes of presentations. Power Point is the 
better software for the beginner, the public speaker or the sales person. HTML 
is the better of the two packages for use on the Internet or collecting 
information. Both packages can be used in conjunction. There are editors to 
convert PowerPoint into HTML language and vice versa. The new user will 
want to use Power Point because of the wizards, and experienced programmers 
will use HTML because they already know the language. The best software for 
most people is the "one you know how to use"(Dr. Z, 1975). 
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ABSTRACT 

The problem of finding the minimax facility location point for a hemispherical 
case is· formulated as a quadratic programming formulation using elementary 
optimization principles. The mathematical formulation is shown to have a unique 
solution. An example from the literature is presented to illustrate developed 
methodology. An advantage of the proposed formulation is that there is no need 
to develop a special purpose algorithm to optimize the model. Instead, any 
nonlinear optimization software can be used to solve the problem. It is also 
amenable to a large scale optimization. · 

1. INTRODUCTION 

Spherical location problems arise whenever the optimal location of a ·service facility for n 
globally distributed points must be determined. An increasing number of logistics and location problems, 
military [13], civilian, and commercial, are becoming global in the sense that the distances involved occur 
over such great expanses that "plane" distances are not suitable approximations in modeling these 
problems [6]. A minimax problem is defined as a problem in which the service facility must be located so 
that the maximum of the distances to the demand points is minimized. Locating an emergency supply 
store for the relief of the consequences of natural or m~m-made disasters around the globe, locating a 
missile launching site, and locating international headquarters or distribution/marketing centers are 
examples of minimax loqition problems. 

All the methods developed to solve for minimax locations on a sphere use geodetic ( also known 
as gr~t circle or shortest arc) distance with the exception of the methods developed in [8-10]. The 
minimax distance function is not convex or even unimodal except in special cases. Therefore, the 
optimization of a minimax location problem on a .sphere is rather involved. 

Drezner and Wesolowsky [5] use a versio:Q of the steepest descent method to find a local minimax 
point. The principles for this method were presented by Demjanov [3] and were adapted in [5] for 
minimax problems. Since there can be several minimax ·points in a given problem, these authors then use 
an iterative search procedure to find the global minimax point [5, 12]. If it is predetermined that all the 
demand points lie on a hemisphere, one can apply.the Elzinga-Heam algorithm and its extensions [I, 6]. 
This geometrical solution algorithm, however, will have to be modified slightly to make it applicable to 
spherical problems [ 11]. .An algorithm for determining whether n given demand points are on a • 
hemisphere is presented in [ 11 l This procedure requires a great circle to be rotated successively until the 
hemisphere which contains the n demand points is found or it is predetermined that no such hemisphere 
exists. Patel et al. [7] developed a linear-programming-based method to determine whether or not n 
demand point are on a hemisphere. Patel [8] gave justification of using the Euclidean distances in 
spherical location problems and then presented a numerical procedure for solving Karusk-Kuhn-Tucker 
(KKT) necessary optimality conditions· of the minimax spherical location problems formulated using the 
Euclidean norm. A geometrical method based on the Euclidean distance was developed by Sarkar and 
Chudhuri [10] for the hemispherical case. A nonlinear programming formulation with a linear objective 
function and all-but-one linear constraints in four variables was developed for hemispherical and spherical 
cases using the Euclidean norm by Patel and Chidambaram [9]. 
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In this paper. an alternative method based on Euclidean distance measure and elementa~ . 
optimization principles is developed to obtai~ the minimax locati~n on a_ sphere for both_ hetrusph~ncal 

. and nonhemispherical cases. An advantage of using this method 1s that it does not reqmre a special . 
purpose algorithm to solve the problem. Any nonlinear programming software can be used to_ sol:e It. 
Also, the method developed in this paper uses a well known quadratic _programming form~atlon m the 
literature and is amenable for a large-scale optimization. The central idea o~ the approach is to first 
obtain the closest.point on the boundary of the convex hull pf the ~eman~ pomts ~om the center o~t_he 
sphere and then project this point on the surface of the sphere. This proJected pomt defines the trumm~x _ 

point. . . f h 
In Section 2 the central idea and associated basic concepts are presented. The formulation o t e 

minimax proble~ is then developed in Section 3. An example from the liteT?ture i~ presented to illustrate 
the developed methodology in Section 4. · Finally, conclusions are presented m Sect10n 5. 

2. CENTRAL IDEA 

In this section, first the important ternrinologies are defined. Without the loss of generality, the Earth will 
be represented as a unit sphere. Since the formulation of the problem uses the Euclidean distance 
measure, it becomes necessary to transform the latitude ~i and longitude ei of each demand point i to a 
corresponding point (x; ,Y; ,z;) in the Cartesian coordinate system as discussed in Patel et al. [7]. It is 
shown in Patel [8] that minimizing the maximum of the spherical arc distances is equivalent to 
minimizing the maximum of the corresponding Euclidean distances. The details of how the latitude and 
longitude co~esponding to the minimax point in the Cartesian system can be obtained are given in Patel 
[8]. 

Since the central idea uses the spheric disk concept, the definition of the spheric disk as given in [5] 
is presented here. 

A spheric disk of radius p and center Co is defined as the set of all points enclosed around co by the 

"circle" drawn with center c0 and radius p as measured on the surface of the sphere. For example, the 

spheric disk with radius !!... would be the set of all points on the hemisphere. It is clear from the 2 . 

definition of the spheric disk that if the minimum radius, say p • , spheric disk can be obtained such that it 

covers all the demand points, then the distance to the farthest demand point from the center of this spheric 
disk is at most p • units. This can be accomplished by finding the center of the circle defined by the 

minimum radius spheric disk. It is shown iil Section 3 that th center of such a circle is the closest point 
on the surface of the convex hull defined by the demand points from the center of the sphere. The 
supporting plane to the convex hull that contains the closest point such that its perpendicular distance 
from the center of the sphere is maximized defines the circle of the minimum radius spheric disk. 

3. MATHEMATICAL FORMULATION OF A HEMISPHERICAL MINIMAX 
LOCATION PROBLEM 

In this section a mathematical formulation of a hemispherical minimax location problem is developed 
using the Euclidean distance measure: The problem of finding the minimax point of a hemispherical 
location problem is to find the center of the minimum radius spheric disk that covers all the demand 
~ints. Thi~ is eq~valent to_ finding ~he ~tion of a plane that divides the sphere into a pair of spheric 
disks of which a smaller radius sphe1:1c disk covers the demand points, and whose perpendicular distance 

· from the center of the sphere is maximized. Let d be the radius of a spheric disk that covers all demand 
points as measured in the Euclidean norm, and D be the perpendicular distance of associated plane from 

the center of the sphere. It can be easily shown that d = .J2( 1- D) (see Chidambaram [2]). That is, · 

minimizing d is equivalent to maximizing D. _ · 
A smaller radiu~ spheric disk defined by an associated plane· must cover all demand points. This 

means that the requued plane must be a supporting plane to the convex hull of the dema d · t d · · · dicul • . _ n pom s an 
must maXImIZe its perpen ar distance from the center of the sphere. The following lemma and 
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theorem establish that such a ~upporting plane must contain the closest point on the boundary of the 
convex hull of the demand pomts from the center of the sphere. Moreover, the required minimax point is 
the projection of the closest point on the surface of the sphere. 
The following notations will be used: 

Let B be the set of points on the boundary of the convex hull of the demand points, 
r* be the radius of the circle defined by the smallest radius spheric disk covering all demand 
points, 
S be the set of all points defining the ·surface of the sphere, 
H be t~e set of points of the convex hull of demand points, 
Po be the center (0~ 0, 0) of the sphere, 

P* be the closest point ( x • ,y • ,/) of B. 

Assume that r • < l . 
Lemma The closest point on a plane that intersects with the sphere is the center of the circle defined by 
the intersection of plane with S. 
Proof Let ax + by + cz = e be the equation of a plane that intersects with the sphere. The closest 
point (x, y, z) on the plane from the center of the sphere is 

x=ea/(a 2 
+b

2 
+c

2 ),y=eb/(a 2 
+b

2 +c2
), andz=ec/(a 2 +b 2 +c2

) . (1) 

Its perpendicular distance Dis: 

D = le!/ Ja 2 
+b

2 +c2 
• (2) 

Note that the absolute value sign in the numerator of the above equation is not really needed. Since e can 
always be assumed to be positive, and if e is negative, then it can be treated as positive and the signs of a, 
b, and c can be reversed. 
The Euclidean distance of the points ( x', y', z') on the circle defined by the intersection of the plane w_ith 

S from (x ,y,z) is given by 

(3) 

Since the above distance is a constant number, the poi_nt (x,y,z) , as defined by relation (1), is the center 

of the circle and r is the radius. Note that if e = a 2 +b2 +c2 is satisfied, then using Eqs. (1) and (2) we 

have x = a,y = b,z = c, and D = x 2 + y2 +z2
. The radius r given by Eq. (3) reduces to 

Theorem: The maximum perpendicular distance of a supporting plane to the convex hull from the center 

of the sphere is ✓( x •' + y"' + z •') such that a ·smaller-radius spheric disk defined by the intersection of 

this plane with S covers all demand points. 
Proof The closest point P • of the convex hull of the demand points cannot be an extreme point since 
the demand points are located on the surface of the sphere and p· is located in the interior of the sphere. 
Also, p· is a convex combination of two (case 1) or more than two (case 2) demand points. In case 1, it is 
located on the line segme·nt joining these two demand points. Since p* is the closest point of H from P0, 

the vector p· must be normal to.the plane whose intersection with S defines the circle that passes through 
these two demand points such that they lie diametrically opposite on it. Using the lemma, p· must be the 
center of the circle and let r • be its radius. This plane is also a supporting plane to H and the associated 

smaller radius spheric disk covers all demand points. Its perpendicular distance D • is ✓( x"' + y"' + z •'). 

Suppose that there exists a supporting plane to H having r as the radius of the circle defined by the 
intersection of this plane with S and whose perpendicular distance D is greater than D*. Note that D and 

rare related as r = J1 - D 2 
• Clearly, this implies that r < r* and the associated smaller radius spheric 
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· · · · 1 st fthe two demand points discussed earlier. Therefore, our 
disk of this plane cannot cover at ea one O . . • 1 · th · t 
assumption is wrong and it cannot be a supporting plane tm~lymg t~t thef ps~ppotn~J ane ~ ed 

1 
s 

ndicular distance D • is the maximum distant. The proJected pomt o ~n ts . e requtr 
· !:r:max point. Otherwise, the minimax distance, d*, as measured in the Euchdean distance would be 

greater than J2(1-v•). 
In case 2 p* is a convex combination of at least three points. Consider the plan~ defi_n~d by these 

demand points. The vector p· is normal to this pla~e and, using the le~, the ~mt _P ts th~ center of 
the circle defined by the intersection of the plane Wtth S. Let the pe~ndi~ar distance of this plane .from 
p be o•. Suppose there exists a supporting plane having its perpendicular distance D _gr~ater than D_ · By 
u;ing tlie same arguments as in case 1 we reach a contradictio~ implyin? that t~e sup~rtmg pla~e Wtth 
its perpendicular distance D • is the maximum distan!. The proJecte~ pomt of~ on S ~s the requued 
miQimax point. · Otherwise, the minimax distance, d , as measured m the Euchdean distance would be 

greater than J2( 1- D •). 

Quadratic Programming Formulation 
The mathematical formulation of the problem of finding the ciosest point on the surface of the convex 

hull of the demand points is as follows: 

Minimize F = x2 + y 2 + z2 (4) 

Subject to 
n 

X = L A;Xf 
i=l 

n 
Y = LAiY; 

i=l 
n 

z = L A;Z; 
i=l 

n 
Lli = 1 
j=l 
A,; ~ 0 for i = 1,2, ... -.n 

where n is the number of ·hemispheric demand points, 

( X; 'Yi' Z;) is the .Cartesian coordinates of the demand point i. 

(5) 

(6) 

(7) 

(8) 

(9) 

The above formulation is a quadratic progra~ng formulation in the decision variables 
x, y, z, and 2; 's. The objective function is a convex function in the decision variables. It defines the 

squared distance of the point (x,y,z) ofH from Po. This objective function Fis minimized in order to 

find the closest point in B from Po. The constraints ( 4 )-(8) along with the non-negativity constraints 

define the points ( x, y, z) of the convex hull of the demand points. Even though all the points of H are 

included in the feasibl~ region of the above mathematical model, the optimal solution of the above model 
wiU be one of the points in B. Since the objective function is convex and the feasible region is convex the 
model has a unique optimal solution. Tilis formulation can be very easily solved by any nonlinear 
optimization software that is capable for constrained optimization. No special purpose algorithms are 
needed to optimize the above model. Also, it is suitable for a large-scale optimization since it .is a 
_quadratic programming formulation. · Once the above optimization model (4)-(9) is solved, the minimax 
point can be obtained by projecting the solution p• onto S. This projected point is: 

( 
•/ / .2 .2 .z •/ I .2 .2 .2 •/ .2 .2 .2-x '\JX + y ,z ,y '\JX + y ,Z ,z X + y ,Z 

Finding Minimax Point When r · = 1 . 

If r • = l, the optimal solution of the mathematical formulation (4)-(9) is x; = O,y; = O,z; = o with some 

. "-i's positive. The spheric disk covering all demand points is a hemisphere. In this case find the vector 
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perpendicular to the demand points corresponding to these positive Ai' s. Then normalize this vector and 
let the normalized vector be denoted by v·. Then v· or -v· is the required minimax point. This is true 
since the demand points corresponding to positive A.j's define the supporting plane to H that divides the 
sphere into a pair of hemispheres, one of which covers all demand points. To determine v·, solve the 
linear systems of equations defined by V•DPi = 0 for each i such that Ai corresponding to the demand 
point i is positive. Then normalize V to obtain v·. Note that'•' defines the inner product of a pair of 
vectors. Finally, to determine if V* is the required minimax point, compute the inner product DPj• v• for 
some j for which Aj is zero. If the inner product is positive, then v· is the required minimax point. 
Otherwise, -v· is the required minimax point. 

4. AN EXAMPLE 

In this section, an example from the literature and a slight modification of this example are considered to 
illustrate the developed methodologies. The literature example deals with a case where all demand points 
are located on a hemisphere. The numerical computations were performed using Microsoft EXCEL. 
Example 1. This example, consisting of 15 demand points all of which lie on a hemisphere and are 
represented by the corresponding cities, is that of Tsai et al. [ 11]. These demand points lie on the 
northern hemisphere. The cities, their longitudes and latitudes, along with the corresponding Cartesian 
coordinates, are given in Table 1. 

Table 1. Latitudes, Longitudes, and the Corresponding Cartesian Co
ordinates of Demand Points 

City i ; , o, X; Y; Z; 

London, England 51.5N 0.4E 0.6225 . 0.0043 0.7826 
Paris, France 48.9N 2.3 E 0.6568 0.0264 0.7536 

Zurich, Switzerland 47.4N 8.5 E 0.6694 0.1000 0.7361 
Rome, Italy 41.9 N 12.5 E 0.7267 0.1611 0.6678 

Copenhagen, Denmark 55.7N 12.6 E 0.5500 0.1229 0.8261 
Berlin, Germany 52.5N 13.4E 0.5922 0.1411 0.793.4 

Stockholm, Sweden 59.3 N 18.9 E 0.4830 0.1654 0.8600 
Athens, Greece 38.0N 23.7E 0.7216 0.3167 0.6157 
Ankara, Turkey 39.9N 32.8 E 0.6449 0.4156 0.6415 
Tel-Aviv, Israel 32.1 N 34.8E 0.6956 0.4835 0.5314 
Moscow, Russia 55.7N 37.7E 0.4459 0.3446 0.8261 
Teheran, Iran 35.4N 51.4 E 0.5085 0.6370 0.5793 
Bombay, India 18.9N 72.8E 0.2798 0.9038 0.3239 

Manila, Philippines 14.6N 121.0 E -0.4984 0.8295 0.2521 
Tokyo, Japan 35.6N 139.7 E -0.6201 0.5260 0.5820 

To determine the minimax point the optimization model (4H9) for this problem was solved. The starting 
point used to initiate the optimization procedure.to solve model (4)-(9) was (x = 0.5, y = 0.5, z = 0.0, F = 
0.5, A1=1, and Ai=0 for i = 2, 3, .. .. , 15). The optimal solution obtained for this problem was found to be 

· £ =0.079219,-y· =0.427935,z· =0.502816,..1.z =0.5 , 214 =0.5 , F* =0.44228, and l; =0fori #:2 and 

14. The radius of the corresponding spheric disk covering all demand points as measured in the 
Euclidean distance for this solution is 0.665, and the optimal minimax point, that is, the Cartesian co
ordinates of the center of the spheric disk, are (0.119, 0.644, 0.756). This point is the -projection of 
(0.079219, 0.427935, 0.502816) on to the surface of the sphere. The latitude and longitude values 

· corresponding to the minimax point ~re ¢ = 49 .11 ° N and 0 = 79 .53 ° E , respectively. This optimal 

solution is the same as obtained by Patel [8] and Patel and Chidambaram [9]. 
The above problem is slightly modified as follows: the same fifteen demand point are used along 

with a new demand point whose Cartesian coordinates are (-0 .86023, 0.5, 0 .1 ). This problem was solved 
using the optimization model (4)-(9). The same starting point as in the first example along with A16 equal 
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to O was used to initiate the optimization procedure to solve the model ( 4 )-(9). The optimal solution 

obtained for this problem was found to be x • = -0.08079, y • = 0.299176, z • = 0.404332, A-2 = 0.229663, 

J
4 

= 0.271616, J
16 

= 0.49872, all othed,/s are equal to zero, andF = 0259517. The radius of the 

spheric disk as measured in the Euclidean norm is 0.990527, the Cartesian coordinates of the optimal 
minimax point are (-0.15858, 0.587278, 0. 793697). This point is the projection of (-0.08079, 0.299176, 
0.404332) on S. The longitude and latitude values corresponding to the minimax point are 

¢ = 52.53 ° N and 0 = 105.11 ° E . It is interesting to note that in the first example P* lies on the line 

seginentjoining the demand point 2 and 14 (as expected). In fact, it is located at the midpoint of the-line 
segment joining these two demand points. In the second example P* lies on the plane defined by the 
demand points 2, 4, and 16 (as expected). · 

5. CONCLUSIONS 

In this paper a formulation and optirnizatipn of the hemispherical minimax location problem in the Cartesian 
coordinate system with the Euclidean norm is developed. It was shown that finding the minimax point when the 
demand points are hemispheric is a convex quadratic programming problem. An example from the literature was 
presented to illustrate the developed methodologies. 

The advantages of formulating the minimax problem as shown in this paper are that the formulation makes 
many readily available computer programs in IMSL and NAG FORTRAN math libraries amenable to solve the model 
and, also, that knowledge of optimization procedures for nondiff erentiable functions is not required, unlike the 
method proposed by Dr~zner and Weslowski [5]. Thus the proposed methodology is easy-to-use compared to all 
existing competitive procedures (exc~pt Patel and Chidambaram [9]) available in the literature. In addition, the 
quadratic programming optimization model can be easily solved globally and is suitable for large-scale optimization. 
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Lot streaming is the policy of allowing some portions of the production lot to move to 
downstream machines before the whole production lot completes its processing on the 
upstream machines. This action results in overlapped processing periods for the same 
production lot on a number of sequential work stations which eventually reduces the 
time the lot spends in the shop. Hence, the application of this idea in various 
manufacturing environments can provide improvements in many time-based 
performance criteria such as makespan and total flow time. In this paper, we extend the 
basic lot streaming model to include setup activities that have been usually ignored in 
the past studies. We also provide the summary of the powerful heuristics we designed 
for the extended problem. 
Keywords: Lot streaming, transfer lots, repetitive lots. 

Basic Lot Str~aming Problem 
Lot streaming can be simply defined as the process of splitting a job lot or batch into sub lots or transfer batches so 
that its operations on subsequent work stations can be overlapped. This simultaneous processing of sub lots results in 
reductions in WIP inventory as well as in lead times and makespan. In this paper, we consider a lot streaming 
problem where a single-job lot is split into a predetermined number of.sublots while being processed in a flow shop 
with a given number of machines. The sub lot sizes are assumed to be continuous variable and machines may stay idle 
between two consecutive sublots. 
Baker [3] developed a linear programming formulation for the lot streaming problem which does not consider setup 
activities. The LP formulation which served as the fundamental of several solution algorithms for lot streaming 
problems is presented below. First, let n be the number of sublots into which the prnduction lot will be split on each 
machine and m be the number of machines in the particular flow shop. Furthermore, let TiJ denote the completion 
time of sublotj on machine i. Additionally, since it was assumed that the sublot sizes can be normalized, the 
fractions allocated to particular sub lots are used as the decision variables in the formulation, where x1 represents -the 
fraction associated with sublotj. Lastly, let p; denote the unit processing time on machine i. Then, the linear 
programming formulation of the m machine n sub lot lot streaming problem is as follows, 
(Pl) minimize Tmn 

subjectto x 1 +x2 + ... +xn=1 (1) 

Ti1 ~ P1X1 (2) 

Ti) ~ T; ,j-1 + P;X j' 

T;j ~ T;-1 ,j + P;X j, 

TiJ ~O, 

I ~ i ~ m, 2 ~ j ~ n 

2 ~ i ~ m, 1 ~ j ~ n 

I ~ i ~ m, 1 ~ j ~ n 

(3) 

' (4) 

(5) 

X j ~ 0, 1 ~ j ~ n (6) 

In the above formulation, the constraint (I) guarantees that the sum of all sub lot sizes is equal to the size of the 
production lot, which is I _unit due to normalization. The constraint (2) ensures that the first sub lot cannot leave the 
first machine before the whole sublot is processed. The constraint set (3) prevents sublotj from beginning its 
processing on machine i before sublotj-1 completes its processing on the same ma~hine. This set of constraints is 
also known as the capacity constraints. The set of constraints shown by ( 4) specifies that sub lot j cannot begin its 
processing on machine i before it completes its processing on machine i-1. This set of constraints is also known as 
the production constraints. The se~s of constraints defined by (5) and (6) prevent the decision variables from 
assuming negative values. _ · 
The basic lot streaming problem presented above has been optimally solved by two different algorithms [I , 2]. In the 
following sections, we present how to enhance the model to include setup activities and develop some efficient 
solution techniques. 
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Lot Streaming Problem with Setups 
Type of the setup activity existing in the system greatly affects the formulation of the problem and thus the scope of 
the solution process. It is possible to observe two main types of setups in the industry, that is, attached and detached 
setups. If setup activities cannot be performed until some work pieces arrive to the machine that will be prepared for 
the processing, this kind of setup is said to be attached. Attached setup activities may involve some measurements on 
the work piece and adjustments on the tool and fixture. If setups can be completed as soon as the machines become 
available, they are called as detached setups. In order to be precise, in this study, we consider the case where every 
ma.chine in the shop requires detached setups. 

Lot Streaming Problems with Detached Setups 
If the setups are detached, setups can be performed as soon as the machines become available without waiting for 
any work pieces to arrive. Baker's LP formulation [3] will ~e modified to reflect the principle in handling the 
detached setups. The LP formulation modified for detached setups will basically check whether there is a delay 
because of the setups before processing the first sub lot. In the revised formulation, unless the setup on a machine is 
longer than the time it takes for the first sub lot to reach to the given machine, setups do not affect the schedule that 
was created without considering setups. Therefore, the constraints (2) and (4) in the formulation (Pl) are replaced by 
the following, · · 

Ti1 ~P1X1 +S1 (7) 

and 
2 $ i $ m, (8) 

Tu ~ ri-1,j + PiX 1 , 2 $ i $ m, 2 $ j $ n, (9) 

where Si is the length of the setup time that must be performed on machine i before processing the first sub lot. In 
order to represent (8} in an LP formulation, it must be broken up to the following two constraints, 

2 $ i $ m, (10) 

and 
7;1 ~ Si + P;X1, 2 $ i $ m. (11) 

After the modifications, the LP formulation for the lot streaming problem with detached setups is provided below. 
(P2) minimize Tmn 

subjectto x 1 +x~+ ... +xn=l (12) 

1i1~S1+P1X1 (13) 

·Tu ~ ½,J-1 + PiXJ, 

7;1 ~ ½-J.,1 + P;X1, 

7;1 ~ S; + P;X1, 

I S: i S: m, 2 S: j S: n 

2 $ i $ m, 

2 $i $m. 

(14) 

(15) 

(16) 

T;J~½-l,J+P;X1, 2$i$m, 2$}$n, (17) 

Tu ~ 0, l $ i $ m, I $ j $ n (18) 

X j ~ 0, 1 $ j $ n (19) 

The LP model presented above.can be represented by an activity-on-node project network similar to the one u~ed by . 
Baker and Pyke [4]. In this network ther~ are n+l columns of nodes, n of which corresponding to sublots and one 
corresponding to the setup activities. In this network shown in Figure 1, column 0 denote the setup times associated 
with each machine through parameters s; 's which are defined as follows, 

S1 =S1, 

and 

S,'= max{(s, -t,s;), o}. i =2, ... ,m. 

Therefore, S; $ IS;, i = 1, ... , m. In the network representation for the modified problem, node ( i, j), 1 $ i $ m 
k=I 

and 1 S: j $ n, represents the processing of sublotj on machine i, which takes time p;x1. For a given sub lot size vector 

x, the length of the longest path in the network corresponds to the makespan of the lot streaming proble~ with 
detached setups. Since the objective function in the lot streaming problem is to minimize the makespan, the 
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necessary action is to find the sublot sizes that yield the longest path with minimal length in the network 
representation. Therefore, the problem is transformed to minimization of the length of the longest path in the 
network. 

Column O Column 1 Column 2 Columnn 

Figure 1. Network representation of the lot streaming pr<;>blem with detached setups 
The modified approach to the problem will be formalized below. A path in the above network representation can be 

denoted by a set of machine indices, / = {/[O],/[l], ... , /[n-1]}, where /[i],j=0,1, . .. , n-1, represents the machine 

index at which the path crosses over from column} to j+ 1. For a given vector of sub lot sizes x the length of the path 
defined by the set/, M(x), is 

/[OJ n 

M/(x) =Is;+ LT(IU-1],IU])xj 
k= I J=I 

j 

where T(i,j) = LA and I[n] = m. Since the actual makespan for the specified set of sublot sizes corresponds to the 
k=i 

length of the longest path among all the paths in the network, we need to obtain 

M(x) = ~~x M, (x). 

Finally, the optimal makespan is 

M• = min M(x), 
xe.\' 

or 

M. =minmaxM,(x), 
· xeX 'ti 

where X={xl o::;;xi ::;1?_i=l, ... ,n, andx.+ ... +xn =l}. 

Before presenting the main steps of our algorithm, we will briefly state the major cases that we observed in the 
optimal solutions to the lot streaming problems with detached setups. In the following, we define an auxiliary 
problem, which we call "relaxed problem", where all setup times are zeroed. The following lemma presents one of 
the cases where the solution to the relax_ed problem also solves the problem with detached setups. 
Lemma 1. If the following holds for the sublot size vector x • that optimally solves the relaxed problem, 
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! g ) 
Is; 

max k=2 <x· 
g =2 ... .. m T{l,g-1) I ' 

then the sublot size vector x• also optimally solves the original problem. 
The lemma above states that if the first sub lot size obtained from the optimal solution of the relaxed problem is large 
~nough to allow every machine to finish its setup before the ·first sublots arrives them for its processing, then there 
will not be any delay in the schedule due to setups and every sublot will be able to follow the schedule generated by 
the relaxed problem. The following observation points to the case where the optimal solution to the problem can be 
obtained through a subset of the machines in the flow shop. The problem which only considers some of the machines 
in the shop is called the "subproblem". This case is observed where one of the setup times is large enough to keep a 
given machine as the crossover index between columns O and 1 in the network regardless of the size of the first 
sublot, the optimization will start beyond that particular machine index. 
Observation l ._ If the following holds in the detached setup problem, 

h 

Is;"~ T(l,h- I), 
k=2 

where the machine index h is the index such that 

't,s; I 't,s; l -max----
T(l,h-1) g =2 ..... m T(l,g-1) ' 

(20) 

then the node (h , 0) will often be the only crossover node from column O to column I. Meanwhile , the sublot size 
vector x • that solves the relaxed problem formed with machines from h to m usually solves the original problem with 
·detached setups. 

In the above case, the optimal makespan is M. =Sh+ M;"', where M;"' is the optimal makespan for the relaxed 

subproblem containing machines h tom and Sh is the setup time on machine h. Hereinafter, the setup time on 
machine h wi 11 be referred to a.s ·"the most significant setup time". 
Observation 2. If 

h 

Is; 
• k=2 <} 

x,I < T(l,h - 1) ' 

for the sublot size · vector x; that optimally solves the relaxed problem, then, the machine h obtained through 

Equation 20 will possibly be the crossover index from column Oto column 1 for any x1 such that; 

,.J.'!~X..,.. {.t.f; /r( h,I -+;, x 1 S ,.'i'.11-i { .t.f; /r(g, h -1)} . (2 I) 

Meanwhile, if the vector X: that optimally solves the relaxed subproblem with machines h to m satisfies Equation 

21, then the vector x: often solves the original problem. 

The observation above presents a case where the solution obtained from the relaxed subproblem formed with 
machines from h to m may be the exact solution for the original problem with detached setups. 
Observation 3. If 

h 

Is; 
X. < k=2 < I 

'
1 T(l,h-1) ' 

for the sublot size vector x, that optimally solves the relaxed problem, then, the machine h obtained through 

Equation 20 will rarely be the crossover index from column 0 to column I for any x 1 such that, 

0<x1 < ,.T+f'Jt.f; /r(h,/-1)} (22) 

or 
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(23) 

The observation above provides the information that the solution to the relaxed subproblem may not always provide 
an obvious solution to the original problem since the machine h is not a crossover index with the sublot sizes 
obtained from the subproblem. Meanwhile, the following observation emphasizes that a shorter makespan may be 
found for the original problem by manipulating· the solution to the relaxed subproblem when the case explained in 
Observation 3 is in effect. 
Observation 4. If either of Equations 22 and 23 holds for the vector x: that opti;,ally solves the relaxed 

subproblem with machines h to m, a vector x· can be obtained in the following way which often provides a shorter 
makespan for the original problem. 

I.a. · If O < x;1 < _max { ±s;/r(h,l-1)}, set x; = _max { ±s;/T(h,l-1)}. 
1-h+l , .. m k=h+I 1-h+l, .. m k=h+I 

l.b. If ,.'/;i~_{tf; /r(g,h-1} x ;, <I, set x: = ,.'/;i~_{tf; /r(g, h -+ 
2. Obtain the remaining x;, j = 2, ... , n, from the following system of linear equations assuming that some of 

the critical boxes in the optimal solution of the relaxed subproblem is still usable in the original problem, . 
• • xs,j . 

x1 = x1_1-.-, J = 2, ... ,n, 
xs,j- 1 

x; +x;+ ... +x,: = 1-x;. 

(24) 

(25) 

· In the above system, there are n equations while there are n-1 variables. Therefore, one of the equalities in Equation 
24 should be left out of the evaluation to obtain for a proper set of sub lot sizes for the original problem. Since there 
are n-1 different ways of choosing n-2 equations out of n-1 equations, there will be n-1 different sets of sublot sizes 
that need to be compared in terms of the makespan value they provide. The set of sub lot sizes that yields the smallest 
makespan is chosen as the solution set for the original problem. · 
The observable properties of the critical paths in the network representation of the lot streaming problem with 
detached setups helped us design an algorithmic approach to the problem. The following has been a powerful 
heuristic algorithm for the general size lot streaming problem with detached setups, which is currently solvable to 
optimality only by using an LP solver package. 

· Significant Setup Time Algorithm 
1. Solve the relaxed problem and obtain the optimal sublot size vector x; and the makespan M; . 
2. Determine the machine index h with most significant setup time such as 

MSSR = t, s; jro,h- I) = ,?l.~. {t, s; jro,1 -I)} . 

3. IF x:1 > MSSR, 

Set x· = x; and the corresponding optimal makespan is M. = M; + S1 • Go to Step 7. 

IF x:1 ::; MSSR, 

Form a subproblem with machines from h to m. 

Solve the subproblem as a relaxed problem to obtain the optimal sublot size vector x;. 
4. Obtain the lower. bound index), h <) s m, such as 

LB= f s;/T(h,J-1) = _max { ±s;/r(h,l-1)}, 
k=h+I l-h+l, . . . m k=h+I 

and the upper bound from g, 1 ::; g < h, such as 

VB= .tf; /r(g,h-1)= ,.r.~_,{,t.,s; /rc1,h-1)}. 
5. If LB::; x_:1 ::; UB, 
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Set x • = x: and obtain .the corresponding makespan M• by using a longest path algorithm. 

Go to Step 7. 

6. If x;, < LB, 

Set x; = LB. 

If x;1 > UB, 

Set x; =UB. 

Set x;, = x; and calculate Xai, i = 2, ... , n, by using the sublot size ratios Z;, z;, i = 2, ... ,n-1. 

Compute M0 by using x: in a longest path algorithm. 

Set x;1 = x; and calculate xbi, i = 2, ... , n, by using the subfot size ratios zi, zi, i = 1, . .. ,n-2. 

Compute Mb by using a longest path algorithm. 
IF M0 < Mb, 

Let x;• = x;;, i = 1, .. . ,n, and M• = M;, 

ELSE, 

Let xi•= x;i, i = 1, . .. ,n, and M• = M;. 

7. Take the sub lot size vector x • providing the makespan value M. as the solution of the detached setup 
problem. 

Significant Setup Time Algorithm has the complexity of O{n2 (m + n)), which is due to the necessity of solving m x 

n relaxed problem which can be performed by Akansel and Tiifek9i's Block Algorithm [2]. The algorithm above was 
tested on 100 randomly generated . problems. The sample problems all had 20 machines and 7 sub lots. The 
processing time data was generated using a uniform distribution with a minimum of 5 and a maximum of 100 time 
units. The ratio of detached setup time to processing time on each machine is uniformly distributed between O and 2. 
Significant Setup Time Algorithm obtained optimal solutions to 93 sample problems. Among the problems which the 
algorithm failed to provide an optimal solution, the error percentage ranged from a minimum of 0.57 % to a 
maximum of 1.75 %. The overall percentage was found as 0.07 %. It can be seen that the main reason for not being 
able to optimally solve every ·sample problem in the set is that only two combinations out of n-1 possibilities were 
used when obtaining the remaining sublot sizes after the size of the first sublot has been fixed by the bounds. The 
combinations of the sublot size ratios used in the algorithm were chosen based on their higher frequency <;>f being 
active in the formation of the optimal sub lot sizes. · 

Conclusion 
In th_is paper, we prnsented a method to include setups in the lot streaming model. This paper specifically focuses on 
the detached setups in flow shops. We also provide details of our powerful algorithm for general size lot streaming 
problem wit,h detached setups. We utilize the network representation of the problem in the algorithm and estimate the 
shape of the critical paths in the network via the solution to the relaxed problem. Our algorithm yields near optimal 
solution·s to the lot streaming problems with detached setups. Due to the fundamental differences in the LP 
formulation the problems with attached setups, which ~e did not study in this paper, require a separate consideration. 
Future work will i_nclude the problems with attached setups as well as the problems· with a combination of the both 
types of setups. 
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ABSTRACT 

This paper addresses the problem of finding an optimal sequence of changeovers for a production line. The line 
setups must be changed to allow for the production of each N of products. A classical traveling salesman problem 
results when setup costs depend only i and j, where i 0) denotes the last (next) product manufactured A more 
complex problem results for the problem considered herein, where the changeover cost also depends upon the 
sequence of setups done so far. The paper develops a dynamic programming solution to the problem, shows how to 
approximate its optimal solution by using a modification of the dynamic programming approach for a traveling 
salesman problem, and presents computational results. The approach results in excellent approximations to the 
optimal solution of the problem with computational requirements that are met by modern microcomputers. 

KEYWORDS 
Sequencing; Scheduling; Changeover Penalties. 

1. INTRODUCTION 

A production line must manufacture each of N products . . A setup for the manufacture of product i (i= 1,2, ... ,N) 
requires the presence or absence of a subset of M resources. Adding resource m to (deleting resource m from) the 
set of installed resources entails a cost CAm (Cnm), An optimal sequence of products will minimize the total setup 
cost While allowing for the manufacture of each product. 

The next section presents the notation used in the rest of the paper. A mathematical formulation of the 
problem follows. The mathematical model sets the stage for the development of a recursive relation for its solution 
via dynamic programming. Then a specialization of problem parameters results in a classical traveling salesman 
problem which forms the backbone of the algorithm used to obtain feasible solutions to the overall problem. 
Computational results appear in the next-to-the-last section, which is followed by a summary and extensions. 

2. NOTATION 

N Number of products. Product IDs are in { 1,2, ... ,N}. 
Sk Subset of { 1,2, ... ,N} having exactiy k members. 
P(Skj) Permutation of the k members of Sk that ends in j, where jsSk. For example, if Sk={2,4,6,7} and j=6, 

then P(Skj) E {2476, 2746, 4276, 4726, 7246, 7426} 

p(k) kth item in the sequence specified by P(Skj). For example, if P(Skj)=2746, then p(1)=2, p(2)=7,etc. 
M Number of resources. Resource IDs are in {1,2, ... ,M} 
Ri Vector of resource requirements for the setup for the manufacture of product i. R~(Ri1, Ri2, .. -,RiM). 
Rim Specification for resource m E {1,2, ... ,M} for the manufacture of product i E {1,2, ... , N}. Run=l if 

setup i requires that resource m be installed. Rim= 0 if setup i requires that resource m not be installed. 
Run="-" indicates a "don't care" situation in which setup i is independent of the presence or absence of 
resource m. 
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11cm 

C0m 

Ik is a vector specifying those resources which are installed for the kth production run. Thus Ik gives the 
state of the set of resources. As changeovers are made, resources are moved into and out of the set of 
resources that are installed. Ik= (Ik1, l1c2, ... , lkM). 
State of resource m £ { 1,2, .. . ,M} in production run k. I1cm= 1 (I1cm=O) indicates resource m is installed 
(not installed) in Ik. 
Cost of changing over from the set of resources given by Ik-t to those specified by Ik. 
Cost of installing resource m. That is, CAm gives the cost of adding resource m to the set of resources 
installed. 
Cost of uninstalling resource m. That is, C0m gives the cost of deleting resource m from the set of 
resources installed. 
Function giving the state of the resources Ik for making product i in the kth production run. l1c is 
determined from the preceding state and the new requirements via I1c = g(I1c.1,Ri). 

3. . MATHEMATICALFORMULATIONOFTHEPROBLEM 

Trajectory of the State lk. of the Resources 

The set of resources installed advances from Ik-t to Ik via resource additions and deletions as follows. Suppose the 
production scenario requires a changeover from setup Ik-t to a setuf compatible with manufacture of product i in 
production run k. Ri gives the set of resource requirements for the k production run. Consider the following three 
cases for resource m: 

Case 1: Rim=l. Then resource m must be present in the set of installed resources. Consequently the new machine 
setup will have 1m:= 1. 

(la) The case Ik-t ,m=O entails a cost CAm of adding resource m to the set of installed resources. 
(lb) · The case Ik-t,m=l entails no changeover cost for resource m, since its status remains unchanged. 

Case 2: Rim=O. Then resource m must be absent from the set of installed resources. Consequently the new 
machine setup will have ·1km=O. 

(2a) The case Ik-1,m=O entails no changeover cost for resource m, since its status remains .unchanged. 
(2a) '.fhe case Ik-t ,m= 1 entails a cost C0m of deleting resource m from the set of installed resources. 

Case 3: Rim="-". This designates that resource m may or may not belong to the set of installed resources. Then the 
· new machine setup will have the same status for resource m in l1c as it had in Ik-t • Consequently the new machine 
setup will have I1cm=Ik-t ,m• No changeover cost is incurred. · 
Applying these three cases for all me { 1,2, ... M} results in the detennination of the new ·state of the resources from 
the old state of the resources Iic.1 and the set of requirements Rim for the new setup required to manufacture product L 
Let g(l1c.1 ,Ri) denote the function which perfonns this mapping. Then Ik=g(Ik-t ,Ri). 
The cost C(l1c.1,IJc) of changing over from the set of resources installed from l1c.1 to l1c can be computed from the 
equation · · 

C(Ik-1,lk}= . I{Max(O,Rkm-Ik-1,m)CAm }+ I{Max(O,Ik-1,m-Rkm)CDk} 
me{l , .. . M} , Rt,,,~O me{l , .. . M},Ran~O 

Mathematical Model 

A mathematical fonnulation of the overall problem is 

Min C(loJ,) +C(J,,12) + ... +C(J N-2,IN_,)+C(I N-1,I N) 

subject to 
I 1 = g(l0,~1)), 
l2 = g(l1,~2>), 

IN-1 = g(IN-2,~-t)), 
IN = g(IN-1 ,~)) 
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Comments: · 

• The minimization requires considering all possible sequences of production. SN denotes the set of all products, 
and P(SN) denotes a permutation of those N products. TI1e optimization is done over all possible permutations. 

• The initial state Io of the resources is given. Although in general Io is a parameter specified by a particular 
application, I0=(0,0; ... ,0) is used herein without loss of generality. This indicates that no resources are initially 
installed. · 

• The transitions for the state of the set of resources are expressed as Ik = g(Ik-I ,~)), k= 1,2, ... ,N. This gives Ik in 
terms of the requirements for the kth product to be manufactured (p(k)) and the preceding setup I1c_1• 

A brute force search with explicit consideration of all possible sequences works well for relatively small N 
but is impractical for larger N. Dynamic programming provides a means to perform the search in a structured 
manner that considers many possible sequences implicitly rather than explicitly. 

4. DEVELOPMENT OF RECURSIVE RELATION FOR DYNAMIC PROGRAMMING 

Define the function Fk(Skj,Ik) to be the minimum setup penalty to (i) set up to manufacture all of the products in Sk, 
(ii) manufacture product jESk last, and (iii) leave the resource state at Ik. The expression of Fk(Skj,Ik) as an 
optimization problem is 

Min 

P(Sk) I p(k)=j 

C(J0 ,11) + C(J1,12) + ... + C(lk_2 ,lk-i) + C(lk_1,lk) 

subject to 
I 1 = g(Io,~1 )), 
12 = g(I1·,~2>), 

Ik-1 = g(Ik-2,~-l)), 
Ik = g(Ik-1,~)) 

The solution to the overall problem is given by FN(SN,-,-), where"-" indicates a "don't care" condition. 

A recursive relation for dynamic programming (see Hillier and Lieberman (1995) or Winston (1994) for an 
overview; also, see Driscoll ( 1977) for an application of the general dynamic programming model to production 
sched.uling) may be formulated by separating the last stage of the optimization from the preceding k-1 stages: 

Min 
J,,_1, i 

subject to 
i ES1c-{j}, 

l1c = g(l1c-1,R) 

+ Min C(JoJ1)+C(J1,J2)+ ... +C(Jk-2,Jk-1) 

P(Sdj}) I p(k-l)=i subject to 
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fi = g(/1 ,Rp<_2)), 

Consequently, there results 

+ F,_,(S, -U},i,l,_1) } 



This recursive relation allows the search required to solve the original problem to proceed by stages, where each 
stage detennines the minimum cost to produce the products Sk associated with that stage while ending with product j 
produced last, and leaving the set of resources at state Ik. 

5. SPECIAL CASE: NO "DON'T CARE" RESOURC}: SPECIFICATIONS 

Consider a realization of the above problem in which Run*"-"for each product i=l, ... N and each resource m=l, ... ,M. 
Assume that product i=p(k-1) is manufactured in production run k-1, and product j=p(k) is manufactured in the kth 

production run. Then the lack of any "don't care" specifications requires that Ik-1 =Ri and Ik=Rj. Thus 

and the aosence of any "don't care" specifications leads to changeover costs which depend upon the products 
. involved in the current changeover, but do not depend upon the sequence of changeovers prior to the current one. In 
this case, the mathematical model becomes 

Min c(0,p(l}}+c(p(l),p(2}}+ ... +c(p(N-2),p(N-l})+c(p(N-l),p(N)). 
P (SN) 

To develop a recursive relation for this problem, define h(Skj) to be the minimum cost. required to (i) produce all 

k 

h (S 1·) = µJn 
k t, P(Sk) I p(k)=J 

L c(p(n -1), p(n)). 
n=l 

products in Sk, and (ii) produce product j e Sk last. Then 

h* (S k, j) = Min { c(p(k -1), p(k)) + { . Min t c(p(n -1), p(n)).}~ 
ieS1 -{j} ieP(S1;)-U} I p(k)=j ~ 

Separating the last stage of optimization from the rest leads to 

Recognize the minimization on the left as hk_1(Sk.1,i). The recursive relation that results is 

h1c(S1c,D = Min {c(p(k-1),p(k)) + h*_1(S1c-U},i)} 
i E S1; - {j}' 

Thus the general problem specialized to one without and "don't care" resource specifications leads to a dynamic 
programming formulation without the state Ik of the resources explicitly carried as a state variable. 

This simplified problem also provides feasible solutions and bounds on the general problem having history
dependent changeover penalties. One simply uses _the recursive relation 

H1r,{S1c,j,IJ = Min 

i eSdj}, 
Ik = g(lt.1,R) 

6. COMPUTATIONAL RESULTS 

{ C(lulv + Hk-1{S1r,-{j}, i, lk.i) } 

The number of states at stage k is given by (k)(n!)/[(k-l)!(n-k)!]. The number of states over all stages is given by 
1 +N(2N). For example, a storage limit of 100,000 for the number of states requires N~l3. 

Although an implementation of dynamic programming requires additional storage to support the computations for 
the recursive relation, there are ways to encode the variables so that the actual overall storage requirements are less 
than N(2N). However, the number of states does indeed grow exponentially with the number of products. An 
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implementation in Visual Basic of this methodology proved that a problem having as many as thirteen products can 
be solved in less than three minutes on a Pentium PC with 32 megabytes of random access memory. With the 
solution methodology advanced herein, the number of products dominates the computational requirements. Dozens 

· of resources can thus be scheduled without requiring excessive storage. 

7. SUMMARY AND EXTENSIONS 

A production sequencing problem with history-dependent setup times has been formulated as a mathematical model. 
A recursive relation for its solution via dynamic programming resulted in excessive storage requirements for all but 
a small number of products. However, a methodology for solving the general problem --- developed by considering 
its traveling salesman problem specialization --- quickly obtains solutions to problems having as many as 13 
products. 

Possible extensions to this research include: 

(i) · incorporating the methodology developed herein into a branch and bound algorithm for solving the general 
·problem; 

(ii) investigating the use of a state vector that is a compromise between the total lack of aggregation employed 
in the solution methodology described in this paper; and 

(iii) applying heuristics to the problem that improve upon the approximate solutions obtained by the 
methodology described herein. 
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Firms that downsized and restructured in the early 90's are desperately seeking to fill the positions they 
once considered unnecessary. Existing employees, especially younger ones, seem very "what is in it for 
me" oriented, and exhibit minimal loyalty to their employers. This paper describes initiatives taken by an 
Architectural-Engineering firm to compete in the open market for scarce professionals, while at the same 
time retaining the valued employees who are currently producing record revenues and profits. In working 
on this challenge, use was made of Schein's psychological contract construct. 

Introduction 

Much has been written in recent years about the "new social contract" between employees and 
employers. Observers call attention to widely reported corporate reorganizations, downsizing, rightsizing, 
delayering,. flattening the hierarchy, teaming and partnering, joint ventures and virtual corporations, 
outsourcing, and use of temporary and other non-traditional employees (Brousseau et al., 1996.) To many 
individuals, especially those displaced by these phenomena, the supreme irony is that that these drastic 
actions frequently occur as CEOs benefit from lavish stock options and the corporations report record 
profits. The results of these events include an erosion of trust in organizations, decreased loyalty and 
commitment to employers, while at the same time employees are reporting increased levels of job 
satisfaction and work involvement (Associated Press, 1998.) . 

Over the past twelve months or so there has been a dramatic turn of events that have decidedly 
favored employees. A robust economy has placed a premium on skilled individuals, and corporate 
attention has shifted from reduction of the workforce to recruitment of scarce skills, retention of valued 
employees, and reconsideration of the concept of"loyalty." A recent issue of Fortune magazine (Munk, 
1998) reports on the "new organization man" and refers to · Generation Xers as "gold collar'' workers. 

rhe New Social (Psychological) Contract 
In our everyday lives contracts are formal instruments that we tend to view with a certain amount 

unease. By their very nature contracts obligate ~s to do something in the future, e.g., to purchase a house 
or an auto, or to perform some service. Such contracts are explicit and normative in nature. The social · 
contract is different. As Denise Rousseau (1995) notes, social contracts are implicit in nature. They are 
products of a culture, based on shared values and collective beliefs regarding appropriate behavior in a 
social unit. One universal norm is that of reciprocity: people should help those who have helped them and 
should not injure those who have helped them. Rousseau observes that social contracts in business are 
evident in pervasive notions regarding what constitutes fair treatment. Though not promise based, social 
contracts influence how promises are interpreted and therefore might be viewed as an interpretive backdrop 
for promises. Macneil ( 1985) discussed two forms of social contracts: ( 1) relational, which is based' on 
assumptions of a long-term, mutually satisfying relationship; and (2) transactional, which is based on a 
shorter term exchange of benefits and contributions. 

The psychological contract is an application of the concept of the social contract to the employee
employer relationship. It gained acceptance in the 1960's when founding fathers of Organizational 
Behavior such as Chris Argyris, Ed Schein and Harry Levinson used it to describe the employee-employer 
relationship. Schein describes the psychological contract as an unwritten and unofficial agreement between 
the individual and the organization which specifies what each expects to give and receive from the other. 
Although some aspects of the employment relationship, such as pay and vacation, may be explicitly stated, 
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many others are not. These implicit agreements which may focus on exchanges between the two parties 
involving satisfaction, challenging work, opportunities for growth and development, fair treatment, 
opportunity to be creative, and recognition for achievement, although not legally binding, are nevertheless 
given significant weight. Failure to comply offends the basic norm of fairness and undermines 
organizational trust. This is why violations of the psychological contract evoke emotional feelings of 
betrayal and bitterness. 

A defining difference between a psychological and a legal contract is the dynamic nature of the 
psychological contract. . It is affected by general changes in society and in the work environment in 
particular (Burack et al., 1994.) During the 1950s and early in thel960s, change was imperceptiole. The 
dependable, hardworking, loyal employee was rewarded with regular increases in pay, promotions in the 
organizational hierarchy and, above all, withjob security. In contrast, the period from the late 1960s 
through the 1980s represented a period of transformational change. In many respects American society has 
become more individualized as associations such as communities, churches, and families have weakened. 
Our society has become more litigious as people are quicker to rely on the legal system rather than social 
means to govern their relationships with others. At the same time, corporate restructurings, takeovers and 
mergers have forever changed the corporate landscape ·as once familiar identities have disappeared. 

· The old psychological contract has been pronounced dead by most students of the employee
employer relationship (Hall, 1996.) At present we are in a transitional phase as the new psychological 
contract takes form. While we are not certain what the new contract is, we do know that not even high 
performers can be certain of job security. We also know that the individual can no longer count on the 
organiz.ation to manage career progression, but has to take personal responsibility for his or her own career. 
In describing different types of psychological contracts Rousseau (1995) argues that psychological 
contracts have moved in recent years from a longer term relational basis to a shorter term transactional 

· basis. Figure 1 presents Rousseau's ( 1995) classification of different contract types, categorized on the 
bases of performance terms and duration. They are: transactional, transitional, balanced, and relational. 

Duration 
Short Tenn 

Long Term 

Figure 1 
TYPES OF PSYCHOLOGICAL CONTRACTS 

P,rfom,,anc, T,mu 

Specified Not Specified 

Transactional Transitional 
(e.g., retail clerks hired (e.g., employee 
during Christmas shopping experiences during 
season) organizational 

retrenchment or following 
■ Low ambiguity merger or acquisition) 
■ Easy exit/high turnover 

■ Ambiguity/uncertainty 
■ Low member 

commitment ■ High turnover/ 

· ■ Freedom to enter new . 
termination 

contracts ■ Instability 

■ Little learning 
■ Weak integration/ 

identification 

Balanced Relational 
(e.g .• high- (e.g .• family business 
involvement team) members) 

■ High membc~ ■ High member 
commitmcDt commitnlent 

■ High integration/ ■ High affccave 
identification · commitment 

■ Ongoing development ■ Hi&h integration/ 

■ Mutual suppon identification 

■ Dynamic ■ Stability 
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Hall's ( 1998) conception of the new contract is similar to Rousseau's "balanced" contract, which 
blends transactional and relational terms. Hall describes "protean" careers; a career which is driven by the 
person, not the organization, and that will be reinvented by the person from time to time as the person and 

. the environment change. (The term is derived from the Greek god Proteus, who could change shape at 
will.) Figure 2 presents the Hall and Moss (1998) summary ofthe terms of the new of the new contrac t. 
After reviewing these terms one cannot help but be struck with the thought that if the old contract was with 
the organization, the new contract is with self, one's work and, perhaps, one's coworkers. Note that both 
the protean career and the balanced psychological contract will require that individuals have more explicit 
information than under the old contract. If they are to exercise personal responsibility for their 
development and success they will need current, accurate information on a variety of issues; as well as an 
objective appraisal of where they stand in the organization. The employer's responsibility for career 
development will center on providing that information, as well as opportunities for continuous learning and 
growth. 

Figure 2 
THE NEW "PROTEAN" CAREER CONTRACT 

1. The career is managed by the person, not the 
organization. 

. 2. The career is a lifelong series of experiences, 
skills, learnings, transitions, and identity changes. 
("Career age" counts, not chronological age.) 

3. Development is: 
-- continuous learning 
-- self-directed 
-- relational 
- found in work challenges 

4. Development is not (necessarily): 
-- formal training 
-- retraining 
.;_ upward mobility : 

5. The ingredients for success change: 
-- from know-how to learn-how 
-- from job security to employability 
-- from organizational careers to protean 

careers 
-- from "work self' to "whole self' 

6. The organization provides: 
-- challenging asignments 
-- developmental relationships 
-- information and other developmental 

resources 

7. The goal: psychological success. . . 

A number of years ago Berlew and Hall (Hall and Moss, 1998) conducted a longitudinal study for 
AT&T and found that if, in ·a given year, the psychological contract was not met f~r either party, the 
employee was likely to leave in the following year. More recently, Robinson (1996) reaffirmed the 
existence of psychological contracts and the central role that trust plays in the employee-employer 
relationship. Combine these and other studies with the many reports of shortages of skilled personnel and 
the difficulties being encountered in managing members of Generation X, and the argument for 
understanding and working on the psychological contract seems compelling. Some (Burack et al., 1994) 
warn that the psychological contract is at the point of becoming unworkable unless we consciously attend 
to it. Any action taken towards this end must make explicit what was once implicit. The blending of the 
transactional with the relational is needed to develop and retain the trust that is essential to both the 
individual and organization in today's environment. 

Case Initiative: Making the Psychological Contract More Explicit 

Background 
The organization that is the subject of the initiative to be described is a medium-sized 

architectural-engineering (A-E) firm with a little over 100 members. The firm is an ESOP company with a 
board of directors that includes both internal and external members. The chairman of the board and CEO 
is the founder of the firm and the last of the original founders still working as a full time employee. This 
individual is looking forward to quasi-retirement in the not-too-distant future, and has been devoting 
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significant a~ention and energy to building a leadership-management team who will make his ultimate 
departure uneventful. The firm has been achieving record levels of profits over the past several years, but 
finds itself limited in growth opportunities by shortages of experienced individuals in key skill positions. 
Senior associates (hereafter referred to as members of the leadership group), aware of the.founder's 
intention to scale back his activity and involvement in the firm, are somewhat apprehensive about issues 
concerning succession. Turnover, not otit of line for the A-E industry, has resulted in the loss of some 
valued employees over the past twelve months. 

The CEO asked the authors to design and teach an on-site leadership-management development 
course for members of the leadership group. This group, 20 in number, included virtually all members of 
management and as well as lead engineers and architects. The CEO envisioned the course as a team 
building experience that would prepare the group for a strategic planning process and, ultimately, for the 
"new era" of leadership. In the first meeting the topic of the psychological contract was introduced and in 
the ·discussion that developed the executive vice president mused, "I wonder what the psychological 
contract is between this firm and its employees?" The question seemed sincere, as did the interest by the 
other members, so the effort to find out was initiated. 

The Psychological Contract 
Members of the leadership group were asked two questions: ( 1) what does the firm expect from 

employees; and (2) what does the firm expect to provide to employees? Lexical analysis (Manley and 
Shaw, 1992) was used to develop the group's perception of the contract. 

What the firm expects from employees: 
■ Competence - knowledge, ability, take pride in work and act like a professional. 
■ Team Player - work well with associates and clients, adds value, carries his/her share ofload, 

backs~up other team members. 
■ Values - quality, customer satisfaction, achievement, profitability, initiative, commitment, 

integrity, personal responsibility, and professionalism. 

What the firm expects to provide to employees: 
■ Competitive (regionally) pay and benefits and a stake in the company through the ESOP. 
■ Challenging work, training and opportunities to develop skills and grow professionally, and good 

equipment. 
■ Recognition of performance and contributions. 
■ An ethical work environment that is open to innovative ideas; to be treated as a professional; to be 

kept informed on significant matters that affect the individual and the firm. 

When the firm's expectations were presented to the members of the leadership group they were 
accepted as valid. The authors then posed a series of new questions: ( 1) what are your personal 
expectations of the firm; (2) what do you personally expect to offer the firm; (3) are you satisfied that the 
firm is living up to its part of the psychological contract; and (4) are you satisfied that you are living up to 
your part of the psychological contract? Additionally, we asked "How do you think those not part of the 
leadership group would respond to the wording of the psychological contract and the questions we asked 
about it? 
To answer these questions an open-ended questionnaire was developed to solicit the views of the leadership 
group and a sample of engineers and architects. Lexical analysis was used to analyze their responses. 

Results 

The statement accurately reflects what the firm expects from employees. 

Strongly agree 
Agree 
Neutral 

Associates Leaders 
38% "60% 
43% 40% 
19% 
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The statement accurately reflects what the firm expects to provide employees. 

. Strongly agree 
Agree 
Neutral 
Disagree 

Associates Leaders 
28% 50% 
48% 40% 
10% 
14% 10% 

Disagreement with the statement reflecting what the finn expects to provide employees centered on lack of 
recognition for achievement, not being kept informed, and dissatisfaction with training and mentoring. 

I am satisfied that the firm is living up to its 
part of the psychological contract. 

· Associates Leaders 
Strongly agree 14% 30% · 
Agree 48% 50% 
Neutral 19% 20% 
Disagree 19% 

Criticism offered by those who did not believe that that the finn was living up to its part of the 
psychological contract focused on pay and dissatisfaction with developmental activity. 

I am satisfied that I am living up to my part of the psychological contract. 
· Associates Leaders 

Strongly agree 30% 40% 
Agree 65% 60% 
Neutral 5% 

Discussion 

Some interesting developments have occurred as a result of the data gathering described above. 
First, the idea of the psychological contract has been introduced into the lexicon of the organization and the 
statement of what the firm expects from and expects to provide to employees is now explicitly shared with 
individuals being interviewed for positions with the company. The psychological contract provides a 
useful framework for discussions related to the individual assuming responsibility for his or her individual 
development. It also allows employees to enter into a dialog as to what information they require from the 
company, as well as what support the company will provide for their continuous learning. The framework 
provided by. the psychological contract facilitates dialog and helps avoid destructive confrontation. 

· In part, as a consequence of the effort, an initiative has started to develop shared visions for_ the 
finn based upon the persQnal visions of members of the leadership group. The visions will be discussed 
with other employees and, if appropriate, modified to develop a corporate vision. The shared vision will 
then guide the development of goals and strategy. Recognizing its dynamic nature, the psychological 
contract will be revisited periodically and changes made when warranted. 

We are convinced that our world of work is in the process of transition from equilibrium state to 
another. The old relational rules are no longer possible, the relational must be blended with the 
transactional. The new psychological contract that must be forged will be more explicit than the old. 
Although guarantees of job security cannot be made (if indeed they ever were), it is possible for employees 
to benefit from relations and experience loyalty and some element of security, while still making objective 
assessments of reality and personal well being. In order for this to happen the new psychological contract 
must be based on shared goals and mutual benefit This will require a degree of openness and trust that has 
not been characteristic of employee-employer relationships in the past. Since trust is dependent on both · 
sides adhering to the terms of the psychological contract, the mutual expectations inhe~nt in the contract 
will demand continuous explicit attention. This paper has described one attempt to move one organization 
toward the new equilibrium. 
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ABSTRACT 

Academic advising is an essential activity to ensure the success of students and timely completion of degree 
requirements: However, this activity has been ~eglected (or done) poorly in many institutions of higher education. 
Among the reasons for this situation are the fact that tenure and promotion procedures take for granted advising and 

the fact that rules and regulations for graduation are vary almost from year to year. We discus the design a 
knowledge based decision support system to support academic advising and a prototype implementation. 

INTRODUCTION 

Academic advising is the one activity that theoretically every student must experience. Personal experiences tell us 
that in many cases, university students have a mediocre advising experience at best. But, why? To answer this 
question we must first understand what academic advising in a university setting is supposed to be (Figure 1). 
Academic advising is more than simply checking the courses that a student could take; it is mostly mentoring. In the 
engineering field, professors must do advising as part of their normal work assignment. However, these faculty is 
usually also asked to teach, serve on committees, and engaged in funded research. Thus, their time to do advising is 
significantly shrunk. Under this circumstances, it is not rare to find that an engineering faculty. will limit the advising 
to signing off a set of courses that the student has chosen in advance of the advising session. However, in many 

· cases, this "express" advising may lead to a series of administrative errors, a breaking of rules and regulations, and a 
low· level of achievement on-the students' academic performance. 

Typically, these administrative errors pertains to rules and regulations that conform to the production rules format: 
if A then B. So it is only natural. to think that engineering faculty may benefit from a decision support tool which 
uses knowledge base expert systems to store all these administrative and academic rules and procedures. In this 
paper, we describe one such decision support system. This system is meant to remove from the faculty the need to 
spend time in time consuming administrative rules and regulations, so that the faculty can instead dedicate niore 
time to mentor' the student. 

KNOWLEDGE BASED EXPERT SYSTEMS 

Developments in technology and in the field of artificial intelligence (Al) have allowed knowledge of different 
domains to be stored inside the computer. AI techniques have proven to be efficient in areas where the need of an 
expert is required to generate a diagnosis to a problem or an answer to a question. One of the various results from 
the Al efforts is the advent of knowledge based expert systems (KBES). A KBES is a computer program that 
performs at the level of a human expert in a complex but narrow field. In order to qualify as an KBES, the program 
must operate in a domain in which expertise is an "arf' based on experience and heuristic reasoning, rather than on 
the use of algorithmic methods to solve problems ( Gottinger, 1988). There are three underlying concepts that makes 
knowledge based expert systems (KBES) different from conventional algorithmic programs. These concepts are 
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Check courses 
taken 

Check courses 
that can be taken 

performance & 
causes for it. 

Figure · 1: The advising process 

1. Toe separation of knowledge from how it. is used, 

2. The use of highly specific domain knowledge, and 

3. Toe heuristic nature of the knowledge employed. 

The development of expert system technology has been marked historically by the introduction of these three 
concepts. Initially, the first concept was exploited in the early stages in the General Problem Solver (OPS) 
developed during the late 1950s and early 1960s. OPS Solved problems by finding a sequence of operators that 
eliminated the difference between the initial state of a problem and one of the desired goal states. In the late 1960's 
and early 1970's, highly specific domain knowledge was used in the development ofDENDRAL and Meta
DENDRAL; these systems inferred the molecular structure of unknown compounds from mass spectral and nuclear 
magnetic response data. More recently, the concept of using heuristics knowledge was evident in the ability to solve 
difficult problems without the continuos used of models or algorithms (Gonzalez and Dankel, 1993). 

However; these three concepts were not really merged until the development of the MYCIN system at Stanford 
University in the early 1970's. This merging was indeed what marked the creation of the field of knowledge-based 
systems. After MYCIN came many other systems that used the concept of inference engine and expert domain 
knowledge to performed diagnosis analysis. These systems created the basis for developing many others that used 
knowledge in different domains and were to be known as knowledge based expert systems (KBES) (Gonzalez and 
Dankel, 1993 ). . 

There are many types ofkn(?wledge representation that can be used in an expert system; however, the most .popular 
are those that rely on production rules. Production rules have the form of the Boolean statement: IF Condition 
THEN consequence. The main advantages associated with the use of production rules are: 

Cl Modularity: Each rule defmes a_piece of knowledge significantly independent from other rules. 

Cl Adding new rules: It is very simple to add new rules to the knowledge base without affecting the rules 
already present. Although it may lead to contradictory rules if minimum care is taken. 

Cl Modifiability: If some rules are to be changed, they an be easily modified with little effect on the other 
ones. 
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□ Transparency: The system has to show why and how it reached its conclusions. 

In the life cycle of an expert system, one importance aspect is the maintenance and continuous update of it and its 
corresponding knowledge base. According to Madeo and Levary (1990), expert system technology have reached its 
maturity, so it is then the appropriate time to concentrate maintaining and updating the knowledge capture inside the 
shell. It is on this aspect that this work contributes to the body of knowledge. The prototype herein described has 
been designed to automatically derived its _rules from a database. The database contains academic information about 
the students. 

THE PROTOTYPE 

The advising system has been designed to free faculty advisor from the administrative clerical aspects of advising in 
as much as possible. The system is not meant to be used by students. Our belief is that the system should promote 
quality interaction between a faculty advisor and the advisee, rather than further separate the student from the 
faculty. 

The prototype advising system has been designed and developed using three different commercial, off-the-shelf 
· (COTS) products. Figure 2 provides a sketch of the main elements in of the system. In the description of this 
prototype AGU stands for Any Given University, whereas AED stands for Any Engineering Department. The 
AGU-DB represents records with personal and academic information of all AED undergraduate students. The 
Registrar's Office represents the part of the AGU Registrar's Office responsible for the handling of students 
records. AED Dept represents another source of information where AED student files, schedules, curricula, 
regulations, etc~ can be obtained. Files of the AED department are also updated with information coming from the 
Advising System. AED-DB represents is the database of the Advising System that holds all student information 
needed in the advising process plus all information pertaining to class schedules. This database is considered local 
to the department, specially when it come to the student information. Typically, AGU would have a central office 
(Registrar's) ·that maintains records for all students. The role of that office should not be replaced l:?y the advising 
system in any fo~ to preserve the integrity of student records. AED-KB represents the knowledge base inherent to · 
the AED Department advising process. Such knowledge is acquired from advisors (experts); rules, procedures, and 
any other regulatory dOC1:,llllents. The Advising Program represents the code (software) of the System. It includes a 
windows-based user interface, and Visual-Basic code interacting with MS-Access and M4 expert system shell; this 
interaction is invisible to the user). The Advisor is the main user of the system; however, the system has other staff 
users since there are some activities that can be done by people other than the advisors.- The latter activities include 
database and knowledge base maintenance, data updating, system administration, and class registration following · 
the advis~ng process procedure. Registration Systems represents the current AGU systems that are used by the 
AED to update_sch~lar information, adding anddropping courses, taking "department holds" off, and so forth. 

The flow of data between th~ various components of the system is indicated by the arrows in Figure 2. Basically, 
the Registrar's Office of AGU provides AED with data regarding courses taken by the student as well as his or her 
personal data. The AED provides information regarding class schedule, curricula, sequence of courses, policies and 
regulations, and any other knowledge pertaining to the advising process. With this information, the faculty advisor 
interacts with the system by initially providing the student's identification number or by simply selecting the student 
name from a list offered to him. In return, the faculty advisor receives an updated student advising card, list of 
warnings (low GP A, probation, and so forth), and a list of suggested courses. · 

An important characteristic of the system is that it is designed to automatically generate the rules of the knowledge 
base based on the contents of the local database. This characteristics will enable the system to be applicable to truly 
any engineering department once it is built for one department. In most institutions, the university has a series of 
requirements that apply to all departments regardless of the major. These requirements are easily hard coded in the 
knowledge base; however, every department or school has additional requirements that are unique to it. These 
requirement include the.pre-requisites hierarchy as well as GPA requirements. This is the portion of the knowledge 
base that the advising system generates based on the contents of its local database. 
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Figure 2: Elements of the prototype advising system 

This system is heavily dependent on the availability of update data. Therefore, for the system to have the desired 
effect, there must be a closer interaction with several administrative units. The support from the office of the 
registrar is crucial, but also the support from the department is vital. The registrar's office must be willing to 
provide updated data every semester in a manner consistent with its security procedures. The department must be 
willing to provide staff personnel to enter class schedules and other rules and regulations as these become available. 

CONCLUSIONS 

We have discussed a prototype advising system that seeks to promote the quality of the interaction between advisor 
and advisee. When fully operational, the model of this system will remove many of the clerical tasks that an advisor 
has to do. The model of this system; as in the case of many of other expert systems, is highly dependent on the 
availability of data and resources to keep both the database and the knowledge base updated. 

The prototype of this system will be tested this spring. Further enhancements to the system are expected by the end 
of the summer 1998. 
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· ABSTRACT 

A neural network has been developed to reduce situational biases in the student ratings of university faculty 
instruction. Three years of evaluation data were. accumulated, analyzed, and used to train the neural network. The 
neural network is then used to classify current patterns according to patterns learned from the situational database. 

Factors used as input variables to the neural network include class enrollment, percentage of male students in the 
class, average GPA, expected grade, student ranking, time of the course offering, department, and type of course. 
The output variable for network training is the mean rating. The network architecture is a probabilistic neural 
network (PNN). The PNN produces a categorized distribution of expected rating scores derived from the course 
· situational factors. Each faculty member's rating is then rescaled from a raw score rating to a classification as a 
deviation from the expected outcome for a given situation. 

The neural network model developed is a tool to improve the assessment of teaching effectiveness. The 
implementation of the model is critical from the standpoint that too often the student ratings are used as the primary 
(and sometimes sole) metric for administrative action. The creation of a historical database of student ratings is also 
critical in this endeavor. The development of this model has also led to further critical review (beyond the scope of 
this paper) of the rating instrument with respect to the missions of promoting the goals of the instructional unit, 
student outcomes ass~ssment, and faculty development. 

INTRODUCTION 

In · 1991 a study was begun to monitor a newly implemented faculty evaluation procedure using student ratings of 
teaching effectiveness. The rating instrument is a "cafeteria-style" questionnaire on which student respond to a 
variety of questions related to student, teacher, and course characteristics. An analysis of the responses by students 
on the current evaluation instrument quickly revealed that a number of factors beyond the control of the instructor 
influence student perceptions. This caused concern since the student ratings are used as the primary (and sometimes 
sole) metric for administrative action. 
This work led to the concept that an individual faculty member should be evaluated against his/her own course 
situation index rather than compared numerically to other faculty on the basis of the raw scores. An index of this 
nature, with as much of the situational bias removed as possible, should then provide an administrator a more 
accurate metric of performance. These authors review the development and results of a probabilistic neural network 
that rescales raw student rating scores to an expectation matrix. 

BACKGROUND 

Several methods of developing an evaluation index have been investigated with the goal of removing as much of the 
situational bi~ as possible. A multiple linear regression (MLR) model and a general regression neural network 
model (GRNN) were first developed; however, these models produced only low levels of confidence. The most 
successful method developed implements a probabilistic neural network (PNN) to determine expected rating 
categories according to patterns learned from a situation database .. 

A neural network is a tool with strong·roots in statistics that attempts to classify patterns according to other patterns 
it has 'learned,' and to give the most reasonable answer based upon the variety ofleamed patterns (Fletcher, 1993). 
The situation index would be the ne~l network expected ratings based on patterns learned trom the situational 
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database. This approach was chosen due to the ability of neural networks to deal with complex relationships that 
cannot be as satisfactorily handled with other methods. For example, in regression analysis, if a variable is of low 
significance, it is typically dropped from the model; in neural networks, a variable is dropped from the model if it 
has 0 weight (which rarely occurs). 

The optimal implementation of this approach requires the maintenance of an historical database. An extensive 
database of faculty evaluations has been developed for the years 1991, 1995, and 1996. The database consists of 
1155 cases that include the following evaluation factors in addition to the course mean evaluation scores: 

• Type of course (lab or lecture)(r = -0.053) 

• _ Time period the course was taught (r = 0.004) 

• Student rank (r = 0.073 *) 

• Mean grade point average of the students in each course (r = 0.081 **) 

• Number of students enrolled per course (r = -0.155**) 

• Percent of male vs. female students per course (r = 0.045) 

• Expected grade distribution per course (r = 0.309**) 

Preliminary analyses indicated these factors, in addition to the form of the evaluation instrument, are a source of bias 
in the evaluation process and lead us away from the desired goal of accurately measuring instructional effectiveness. 
The correlations shown above with a single asterisk are significant at the 0.05 l~vel (2-tailed) and those with two · 
asterisks are significant at the 0.01 level (2-tailed). 

Probabillstk Neural Networks (PNN) 

PNNs are a type of supervised network that provides a general solution to pattern classification problems. PNNs 
develop probability distribution functions (PDF) within a pattern layer by following an approach developed in 
statistics called Bayesian strategies~ The PNN paradigm also uses Parzen Estimators that were developed to 
construct the probability density functions required by Bayes theory (Parzen, 1962). The PDF functions are used to 
estimate the likelihood of an input feature vector being part of a learned category, or class (Specht, 1988; Specht, 
1990). 

PNN ne~orks are comprised of three layers or slabs. Training patterns are first distributed to the input layer. The 
number of neurons ( or nodes) in the input layer is the number of input variables. · 

Pattern neurons in a hidden layer form a dot product of the input pattern vector and a connection weight vector. A 
nonlinear operation is then performed on the dot product prior to output to the summation layer. There are as many 
neurons in the hidden layer as there are training patterns. 

The network then sums activations in the output layer (also called the summation layer), corresponding to the PDF 
estimate for that category. The highest output represents the most probable category. The number of neurons in the 
output" layer corresponds to the number of rating categories. 

One primary advantage of~e PNN is that it provides a strength or probability indicator for each_category. If the 
network does not recognize a pattern, the _result will be a low activation in all outputs. If two or more outputs are 
high, the network has found a pattern that has characteristics of several categories. The output strength will indicate 
the most likely category, and, using PNN, the output can be an actual probability. 

!he PNN model was developed using the commercially available software package NeuroShell 2. It is capable of 
unplementing a genetic algorithm to improve the calibration of a smoothing factor used in the PDF (Ward, 1996) 
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and reduce the risk of misclassification. The genetic algorithm is used to find appropriate individual smoothing 
factors for each inp~ variable as well as an overall smoothing factor. 

METHODOLOGY 

Neural Network Variables 

The rating factors to be presented to the neural network as independent (input) variables are time of the course 
offering (TIME), grade point average (GP A), number of hours completed (RANK), percen~e of male students in 
the class (GENDER), class enrollment (ENR), expected grade (GRADE), and type of course (LAB). The first three 
variables, TIME, GPA, and RANK were categonzed prior to PNN preprocessing. The course mean rating score 
(EVAL) is presented to the PNN in six categories as the dependent (output) variable. 

lndepe_ndent Variable Preprocessing 

When variables are loaded into a neural network, they should be scaled from their numeric range into the numeric 
range that the neural network deals with efficiently. The purpose is to reduce the importance of scale differences 
between the independent variables (Lawrence, 1991; Crooks, 1992). Therefore, prior to presentation to the PNN, the 
independent variables were standardized to a scale from -1.0 to 1.0. The PNN then implements a linear input scaling 
function denoted [0, I]. 

Dependent Variable Preprocessing 

The course mean rating score is categorized into six levels representing percentiles of 16.667% of the frequency 
distribution. The cutoff values between levels in a rating scale of 1 to 5 are shown in Table 1 below. The categories 
were selected to. be as near equal as possible for later.chi-square goodness-of-fit analysis. · 

EVAL 
frequency 

3.81 
181 

Table 1: Rating Categories 

4.07 
194 

4.26 
193 

4.41 
189 

4.59 
208 

5.00 
. 190 ' 

Because the purpose of a PNN network is to separate outputs into different categories, each evaluation score is then 
converted to binary 0 or i within its designated category for presentation to the neural network. 

RESULTS 

Classifications _ 

Table 2 presents the classification results for each rating category. There are 1155 cases in the database; of these, the 
PNN correctly categorized 959 cases (83 percent) and 196 cases (17 percent) incorrectly. The frequency distribution 
of classified winners fits very well to the distribution of actual winners with a high and consistent ratio of true 
positives to classified winners. 

Table 2: Classifications 

Categories: Cl C2 C3 C4 as C6 
Actual winners: 181 194 19:J 189 208 190 
amstned wimcrs: 185 19'2 190 196 189 203 
True positives: 149 164 159 158 169 160 
False positives: 36 28 31 38 20 43 
True positive proportion: 0.8'232 0.8454 0.8238 0.836 0.8125 0.8421 
False positive propodioo: 0.037 0.0291 0.(l322 0.(l39'.3 . 0.02.11 0.0446 
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Definitions for Table 2 are as follows: 

• Actual winners: The number of times this output was set to 1 in the file. 
• Classified winners: The number of times the network sets this output to 1. 
• True positives: The number of times an actual value of 1 in the file was classified a 1 by the network. 
• False positives: The number of times an actual value of O was classified a 1 by the network. 
• True positive proportion: The ratio of true positives to actual winners. 
• False positive proportion: The ratio of false positives to actual losers. 

Table 3 presents a comparison of the actual winner categories (cl-c6) to the classified winner categories (nl-n6). 
These results show the distribution of the 196 false positives or misclassified winners; that is, whether the 
classification occurs in a higher category or a lower category. 

Table 3: Comparison of Actual to Classified Winners 

n1 n2 m n4 m n6 
cl 149 7 10 6 3 6 
c? 10 164 s 8 2 s 
c3 8 6 1S9 6 4 10 
c4 9 s 7 158 3 7 
0 s 4 7 8 169 15 
(D 4 6 2 10 8 160 

Classified Wmncrs 185 192 1~ 196 189 203 
True Positives 149 164 159 158 169 160 
False Positives 36 28 31 38 2D 43 

Higher Category 0 7 lS 2D 12 43 
Lower Category 36 21 16 18 8 0 

Table 4 illustrates samples from each of the six categories with their original rating categories ( c 1-c6), the PNN 
classifications (nl-n6), and the PNN probabilities (pl-p6) in each category. 

Table 4: Sample Case Classifications and Probabilities 

Case# cl c2 c3 c4 c5 c6 nl n2 n3 n4 n5 n6 pl p2 p3 p4 p5 p6 
6 1 0 0 0 0 0 1 0 0 0 0 0 0.995 0. 005 0. 000 0. 000 0.000 0.000 
7 1 0 0 0 0 0 0 0 0 0 1 0 0.093 0. 000 0. 000 0.001 0.751 0.155 

288 0 0 0 0 0 0 0 0 0 0 0.049 0.094 0.040 0.414 0.208 0.195 
289 0 0 0 0 0 0 0 0 0 0 0.196 0.337 0.176 0.013 0.267 0.011 

483 0 0 0 0 0 0 0 1 0 0 0 0.040 0.030 0.696 0.171 0.047 0.016 
~s 0 0 0 0 0 0 0 0 0 0 1 0.005 0.000 0.000 0.000 0.000 0.995 

621 0 0 0 0 0 0 0 0 0 0 0.012 0.039 0.289 0.039 0.618 0.003 
622 0 0 0 1 0 0 0 0 1 0 0 0 0.001 0.053 0.787 0.160 0.000 0.000 

fr77 0 0 0 0 1 0 · O 0 0 0 1 0 0.022 0. 005 0. 012 0. 281 0.619 0.061 
878 0 0 0 0 1 0 0 0 0 0 0 1 0.'229 0. 040 0. 160 0. 080 0.045 0.446 

1018 0 0 0 0 0 1 0 0 0 1 0 ·o 0.128 0.053 0.005 0.396 0.030 0.387 
1022 0 0 0 0 0 1 0 1 0 0 O · 0 0.001 0.952 0.000 0.000 0.047 0.000 
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Goodness of Fit 

Classification results are not the primary method of determining the goodness of fit for a given model: Although the 
results above would seem to indicate a well-developed model, we use the coefficient of multiple determination, R2, 

and the Chi-square.goodness of fit test to determine acceptance of the model. 

First, the PNN model developed R2 of0.6497 which was significantly better than 0.-31 for MLR. This supports the 
use of the neural network model over the linear approaches. 

Second, Table 5 presents the results of the Chi-square test of the actual versus classified frequency distributions. The 
null hypothesis for the Chi-square goodness of fit test is as follows: the distribution frequencies for the sampled 
population are the same as the expected frequencies. That is, the distribution of the samples is consistent with that of 
the expected frequencies. 

Table 5: Chi-square 

P Chi"2 
0.6T/2956 3.147254 

At a significan~e level of0.05, the calculated statistic for Chi-square is 3.147 with the corresponding P value for 5 
degrees of freedom: P = 0.677. Since P > 0.05, we can infer that there is no significant evidence for different 
distributions and we accept the null hypothesis. · 

SUMMARY 

After training the PNN, each faculty member's rating is then classified as the amount of deviation from the expected 
outcome for a given situation. The winning category is determined from the highest probability cat~gory and is set to 
the value 1. However, since the PNN also displays probability values for each category, outcomes can be presented 
as both winning catego:ries and the associated probabilities for all categories. This is particularly important in those 
cases where the probabilities may be relatively high or nearly equal over several categories. 

Case 1018 in Table 4 displays such cross-category similarity. The original rating score was very high placing it in 
·. category six; based on the "input criteria this output could be also classified as category four. These results might 
indicate to an administrator that this individual was slightly exceeding expected performance ratings ( or perhaps 
introducing Qther perceptional biases). Case 1,022 shows very little probability of being classified anything other 
than a category two yet is actually a category six. This situation should alert an administrator to .further review. 

It can readily be seen that for a given course situation, the actual rating score might exceed or fall short of 
expectations. This provides far more information to an administrator than simply reviewing the actual rating score. 
However, the number of false positives as shown in Table 3 is very low in this model (at 17 percent). And 
approximately half of those misclassify to a lower category (in favor of the faculty member). Furthermore, it can be 
seen that low performance ratings are expected in certain situations! This result reinforces the concept of rescaling 
raw student rating scores to a probabilistic expectation matrix. 

The PNN model correctly categorized 83 percent of the cases in the database based on the supplied situation criteria 
and student-rating category. The PNN developed is viewed as one tool approaching the desired goal of measuring 
teaching effectiveness accurately. The creation of a historical database of student ratings is critical in this endeavor. 
The development of this model has also led to further critical review (beyond the scope of this paper) of the rating 
instrument with respect to the missions of promoting the goals of the instructional unit, student outcomes 
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ABSTRACT-

Safe-mail: A Secured Way of Communications 

By 

Mir Hossain and Adel Ali 

Department of Computer Science 
The University of Southern Mississippi 

Hattiesburg, Mississippi 39406 

Internet is widely used for communications. Transferring files through FTP programs and using E-mail to send messages 
is extensively used over the Internet The benefit of using the Internet is that it is cheap and one can send infonnation 
within a moment to any computer in the world that is connected to the web. However, the limitation of Internet is that it 
is not secured. Many different kinds of security loopholes made Internet wlnerable to the hackers. Many new security 
features are trying to make Internet safer. However, it is not yet the time to say that those features will guarantee secured 
electronic transactions. Safe-mail is a prototype of a software package that can be used to send files and memos to 
different users within an organization. The major aspect of Safe-mail is that Internet connection is not needed to send 
information. Any user within an Intranet system can securely send files to other user(s) without wonying about 
unauthorized access to the information. Safe-mail does not actually transfer files from one machine to another. It will 
copy files from one account to another without using any kind of standard communication protocol. Different accounts 
and passwords will be assigned to different users and only authorized personnel can access the system. Not using the 
Internet for communication will nullify unauthorized access to infonnation and secure organizational data. 

KEYWORDS 

Internet, Intranet, Local Area Network (LAN), E-mail, Object-Oriented Programming, Windows NT Server. 

INTRODUCTION 

It is-a known fact that the Internet is not a safe place for transferring files and documents. Important classified documents 
might fall into the hand of unauthorized persons. Most companies use different kind of encryption programs to save their 
data from unauthorized. accesses. However, encryption is not really a very good solution because compqter hackers will 
always find a way to decrypt the data. We started looking for other solutions but nothing sounded very promising. 
Instead, we came up with a different idea. Many companies send important documents over the Internet to their 
employees. We noticed that using the Internet is not necessacy in most cases. Usually, all the employees in an 

· organization are connected to a local area network (LAN) or Intranet system. If this is the case, we have a very simple 
solution that will guarantee secure file transferring. We are proposing a new program that can be used in a LAN to 
secure internal communications. This pro~ from here on will be referred to as Safe-mail, actually does not use the 
Internet connection to transfer documents. Instead it will just use the local connection to copy files from one user's 
account to other account(s) in the same system. This will also eliminate the need for encryption since only the employees 
in that organization will have access to their local network. 

The following diagram is an example of a network where our Safe-mail can be used very effectively. We are supposing 
that users are connected to main server(s) with cables. If user 1 wants to send a message to user 3, he can use Safe-mail 
to copy files from his account to the account of user 3. Safe-mail supports transferring files from the hard drive of one 
user's account to another's or transferring files in their network drive (server's hard drive). 
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Main Server 

USER 1 USER2 USER3 

Fig I: A sample network where Safe-mail can be used effectively. 

SAFE-MAIL 

Safe-mail is an object-oriented program that works like most other common E-mail program. The user interface is very 
simple and easy to Wlderstand. Any person familiar with windows application will be able to use it without much 
training. The program is written using Microsoft Visual Basic S.O. The usemame and password list is stored in a 
Microsoft Access database. We are still in the developing phase of this program. We have developed a prototype that 
does not have many of the standard featmes yet, but it will give an idea about how the actual program will work. For 
description purposes, we are going to divide the entire program into three parts. The first part is about starting the 
program, second part is about reading, retrieving or deleting messages and the final part is about sending messages to 
other users on the system. 

GdlingSti,rutl 
One can simply start the program by clicking on the appropriate program icon. The first screen is the login screen that 
requires the user to enter a valid user name and password before they can start using the program. The login process 
matches the usemame and password and then gives the user access to his or her 8CCO\Dll A snapshot of the Login screen 
is presented below. 

Fig 1: The login screen of the Safe-mail program. 
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R~ading Masages 
After logging ~ the user can view all the messages that are stored in his/her account in a new window. This window is 
divided into two portions: one portion is for the list of messages and the other portion will show the contents of a 
message when selected. This screen is very simple to understand ~ it is resizable. All the messages with 1heir subject 
will be displayed on the left window and the date the message was received. The messages can be viewed by the order 
they were received or by the order of the sender. If the message had an audio file attached to it, the user just have to click 
on the Play button to listen to the audio clip. This prototype does not support any other kind of attachments yet, but those 
can be easily added into our final products. Especially we are planning to include attachments like images, and 
documents created by using other common application software. 

A snapshot of this screen is presented below. In our prototype, this part of the program has only few options like deleting 
a message or sending a new message to someone else. One can easily delete a message by selecting a message and 
clicking on the Delete button. In our full version, we are going to have all of the usual functions like saving a message, 
printing it or forwarding it to someone else. A user can quit or end the application at any time by clicking the exit button. 

Fig. 2: Main windows for the Message center program . 

. Sending Masages 

A user can send a new message by clicking on the send button. This command will bring out a new window that will be 
used to send messages. Right now one can only send text messages, attach a media file or send a voice mail to other 
users on the system. A snapshot of this screen is presented in the following page. The caption is for the title of the 
message. The next box (message to) is the place where the user will type in the address of the recipient. In our final 
product, this section will be modified so that one can have something like an address book. Our prototype allows any 
user to send a message to all the users who are in that system. Any user can send a simple text message by typing the text 
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in the text area. A user can also attach a voice mail by clicking on the record button and then attach it as a media file. 

Fig. 3: The windows to send message to other user. 

LIMITATIONS 

There are some limitations in this program. The most important one is that it can be only used in a local area network. 
This program does not use the Internet to transfer files; inst~ it uses the physical cable connection of a local area 
network. For this reason, this product can support only the users who are part of a certain local area network. Although 
this seems like a limitations but many companies actually does not need an Internet based E-mail program for their 
internal communications. Safe-mail can be used instead, which will provide much secured communications among the 
employees of a certain organization. The other limitation of this product is that it can be only used in a Windows based 
operating system. The ideal platform for this product is Windows NT. This product uses the security features of 
Windows NT server to secure internal communications. 

CONCLUSION 

Since Safe-mail is only a prototype, we do not have many of the common E-mail functions available on this product yet. 
The main advantage of this product is that, it can be used safely for emailing purposes without wonying about 
unauthorized access to the information. Most important aspect of this program is that it is based on a very simple idea 
and it docs not need much memory space. Safe-mail is very easy to use and in mass production, the cost of this product 
will be nominal. 
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Abstract 

In the past, there have been many areas where databases were needed to maintain all the records 
for any business small or large. Depending on the nature of data, different technologies were used 
to store large volumes of data. As the demands for large data storage and data processing evolved 
the need for newer technologies arose. Among these technologies were Data Warehousing and 
Online Transaction Processing (OLTP). Every database needs an underlying model, which can be 
either Object or· Relational. A relational database is a collection of data items organized as a set 
of formally described tables from which data can be accessed or reassembled in many different 
ways without having to reorganize the database tables. Each table (relation) contains one or more 
data categories in columns. Each row contains a unique instance of data for the categories 
defined by the columns. The object database is a low-tech, high performance hierarchic storage 
system. It stores large amounts of structured data that is quickly and easily accessible. It has the 
performance characteristics of a file system and symbol tables. Object technology enables 
complex entities and processes in the real world to be represented by object schema. With this 
concept, you can write computer application code that is disassociated from the data it is 
designed to handle. The benefit is that any future insertion or deletion in the database would not 
require a rewrite of the application code. Oracle8' s database is designed to take on the role of 
both of the above databases and also adds the support of web publishing and table partitioning. 
Oracle8 · also introduced other features that previous versions of Oracle did not have. Among 
these are larger storage space (512 petabytes), Connection Pooling, Server-side Java Support, 
table partitioning and many more. In our paper, we will discuss the features and benefits of using 
Oracle8 and the wide area of applications that it can support to improve and produce better 
results than other databases. 
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Database Needs for Industry: 
When big enterprises emerge, their information systems have to open up for, network-based 
architectures and distributed computing. Thus they have to face following challenges: 
• Identifying the best products that can be deployed within the environment. 
• Maintaining the robustness and performance of existing systems in new systems under 

development. 
• Integrating and managing a multi-tier, multi-platform environment. 
• · Managing the interoperability of existing data and new data. 
Oracl~8 has something to offer, which is known as standardized Network Computing 
Architecture (NCA) which allows information technology organizations to ease .their way out 
towards spending more time focusing on deploying new systems rather than spending time 
struggling with interoperability. The Oracle8's Universal Data Server, a major component of 
NCA, is designed to meet the performance, reliability, and scalability demands of network-based 
computing and object development methods. For both traditional enterprise applications and 
· electronic commerce on the Web, Oracle8 and NCA provide the power, performance, robustness, 
resource utilization, network integration, and flexibility to support the most demanding 
applications. Whether you need to support tens of thousands of users and hundreds of terabytes 
of data, · or you have a much smaller, but · no less critical system, everyone benefits from the 
superior performance of Oracle8. 
Oracle8 "raises the ceiling" and supports dramatically larger and more demanding online 
transaction processing (OLTP) and data warehousing applications. Oracle8 sets new standards 
for availability with features to support nearly 7x24x52 operations .. As the first object-relational 
Oracle server~ Oracle8 introduces a new object-oriented paradigm providing new ·c~pabilities for 
.managing data complexity. The Release 8.0 also includes enhancements in nearly all other areas 
of the Oracle server,' improving overall availability, performance, manageability, multimedia data 
type support, and replication functionality. 
Oracle8 Enterprise Edition Release 8.0 is designed to address the following industrial needs: 
• Seamless migration· and inter-operability with previous releases 
• Mainframe-caliber OLTP 
• High availability and manageability with partitioned tables and indexes 
• Better security admi:nistration 
• Enhanced parallelism 
• Object technology and extensibility 
• Improved distributed computing 
• Improved performance and manageability of data warehouse applications 
• Easy-to-use management tools 

How Oracle8 can support all our users: 
Oracle8 is a robust object-relational database that can accommodate a small single-user system to 
a massive business-critical system supporting tens of thousands of users. Such scalability is an 
increasingly important requirement as the move toward thin software · clients and network 
computing brings a vast number of new users to the Internet, Intranets, and extra-nets. This is a 
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very major factor in OLTP, since there are tens of thousands of user trying to process their 
transactions at the same time over the net. Oracles' s advanced queuing capability is used to 
implement database-resident queues, which support enqueue/dequeue to reduce transaction 
response times. These database-resident queues can also be used with transaction processing 

. monitors and message-based middleware to better integrate these facilities with the database 
server to remove redundancy and improve efficiency. It also has a more efficient . checkpoint 
algorithm to allow effective use of even larger buffer caches. 

What kind of Data Oracle8 can support? 
OracleS is a database that is able to support large amount of data up to tens of terabytes of data 
and even more. Imagine that this powerful database can be distributed across multiple systems or 
·stored centrally in one large system, while being flexible enough to work with small, single-user 
systems. Also with this database you can manipulate every type of data found in an enterprise-
including text, spatial, image, video, time-series and also traditional structured data. It also 
·improves on Data Warehousing applications by enhancements like parallel execution of insert, 
updates, and delete operations for bulk data operations such as periodic purging of old 
transactions. 

Support for Object-based languages like C++ and Java: 
Oracles has Object-Relational capabilities that extend the server's data-type system to allow the 
representations of complex business objects, and object-based applications written in languages 
like C++ and Java. It also includes a unique feature called object views that allow the user to 
view their relational data as objects. Oracles has also introduced a new object-oriented 
development environment called Sedona which is designed to easily deploy the newly created 
object-oriented Oracles applications using CORBA, PUSQL, CIC++, ActiveX, etc. objects. 

Oracle8 and NCA: 
Networking Computing Architecture (NCA) is a standardized framework provided by Oracle for 
building new object applications for the Web, client/server systems, and corporate Intranets. This 
framework along with Oracles supports distributed multitier client server, and Web-based 
applications. This is ideal for businesses that have a large Intranet and need a fast and reliable 
application to access the local database server on a multitier platform. 

How Oracle8 will help speeding up Businesses around the World: 
No matter how complex a job is, Oracles can get the job done faster, providing the foundation 

. for a faster overall IT architecture. 
Faster Development: Object-relational technology speeds development of complex applications, 
while built-in queuing speeds development of message-based applications. · 
Faster Deployment: Applications are deployed quickly in a thin-client environment since no new 
client software is required: OracleS's native Java supports enhances this capability. 
Faster Queries: Decision-support applications run dramatically faster due to OracleS's patented 
new query algorithm. And Oracles has the most complete parallel query technology in the 
industry. 
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Faster Transactions: Server-based queuing removes the wait time associated with peak-traffic 
transactions by storing updates for later delivery. 
Faster Replication: Replication speeds are an order of magnitude faster due to parallel 
propagation. 
Faster Management: Bulle data management is also performed in parallel for high-speed 
operations. 
Faster Customization: Data Cartridges provide a very fast way for you to tailor your database 
functionality. 

Suggested Application for Oracle 8: 
Oracle& can greatly increase the performance in many different areas of database management 
systems. Telecommunications is becoming more advanced in technology and in use. The use of 
Oracle& in telecommunications will take advantage of the new server's support for high
performance and large user populations. Also OracleS's new back-up-and-recovery, table 
partitioning, application programming interface (API), and security enhancements (such as 
password aging, etc.) facilities will aid the telecommunication industry to achieve its overall goal 
of improving customer service and work productivity. Oracles incorporates the object-relational 
data model, which allows the use of objects, complex data types, and also views of relational 
data. Oracle8 can support object tools and object languages. This allows the ability to associate 
the rules of business and methods with the data that they will operate on-with the important 
infrastructure that the relational database provides. An area of telecommunications that will be 
greatly benefited by the use of Oracles will be the telephone industry. By having both object and 
relational database features, the telephone industry will have access to a large relational database 
(capable of getting ·larger) an·d the feature of OLTP. Since telephone companies deal with 
millions of customers, a database that will be able to store all the "customer profiles and their . 
account information is needed. Oracle will allow telephone companies to have ·a relational 
database and OLTP that will allow the customer to pay their bills, select the best plan depending 
· on their needs, and get fast and efficient service online. 

Oracle8 and its Lower overall cost of Ownership: 
Oracle& is the most cost effective and highly available data server in the industry. By automating 
a large amount of backup and recovery operations, Oracles significantly reduces the labor 
requirements, while virtually eliminating the cost of error-induced downtime. And · as a key 
component of Network Computing Architecture, Oracle8 helps lower the overall cost of the 
computing infrastructure, allowing you to focus more resources on building and deploying 
applications. 

New Features in Oracle8: 
Oracle& will still support the standard relational stuff as in Oracle?, but some new features and 
object extensions (cost option!) were added. To list a few: 
• A new object-relational database model 
• New object extensions (create type, external libraries, new in built datatypes) 
• Support for the ANSI SQL3 standard 
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• Addresses the large database market ( 512 petabytes theoretical limit up from 4 terabytes . in 
Oracle?) 

• Table and Index partitioning (store a table in multiple tablespaces) 
• Up to 1000 columns per table (up from 254 in Oracle?) 

· • Provides deferred constraints ( executed at commit time) 
• LONG field size increased from 2GB to 4GB; can have many Lobs per table; can be 

replicated; 
• Can be stored in separate tablespace. 
• Server Managed Backup and Recovery. 
• Supports more concurrent users. 
• Connection Pooling (utilizes idle connections to support more users). 
• Shared Database Links. 
• Oracle8 Data Cartridges (database plug-ins to creating new data types). 
·• Client-side Object Cache. 
• The ROWID field formats and size changed from 6 to 10 bytes. 
• Server-side JAVA support from Oracle 8.1. 
• SQL*Net now called Net8. 
• . Table space point-in-time recovery. 

Creating objects: 
Syntax: CREA TE TYPE Customer_type as OBJECT ( 

name varchar2(20), ssn varchar2(1 l), account_no. number), 
. MEMBER FUNCTION get_id RETURN number); 

CREA TE TYPE BODY bank_emp_type ( 
MAP MEMBER FUNCTION get_id RETURN number is 
BEGIN RETURN ascii_to_num(ssn); END;); 

CREA TE TABLE cust OF Customer_type; . 

Creating Partitioned Tables: 
CREA TE TABLE Customer 
(id NUMBER(5) PRIMARY KEY, 

name VARCHAR2(50) NOT NULL, 
address V ARCHAR2(50), 
phone V ARCHAR2(15), 
email V ARCHAR2( l 00) ) 

PARTmON BY RANGE (name) 
(PARmION pl VALUES LESS THAN (L) TABLESPACE tsl, 

. P ARmION p2 VALUES LESS THAN (MAXV ALUE) TABLESPACE ts2) 

Latest on Oracle8: · · 
Oracle corporation has announced that they have sent the final 0racle8' s Beta version to more 
than 170 organizations all over the world, which will be running and testing the final beta version 
on up to seven different platfonns~ As Brad Holcombe, managing Partner, technology in 
Anderson Consulting' s WUI program said that "We' re confident that Oracle8 will provide 
mainframe - caliber performance on open platforms"(PS Newswire). All the Partner 
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. Organizations have been satisfied with the earlier beta releases of Oracle8 and are confident 
enough to migrate to Oracle8. 

Conclusion: 
The features offered by Oracles make it the ideal database for not only telecommunications but 
also any large company. Companies that use other databases need additional packages to 
accomplish OLTP, whereas Oracles features all this in one package. Therefore ·we conclude that 
the benefits of Oracles are as follows: 
• It allows server-side JAVA support that will allow web publishing. 
• It includes Index and Table partitioning. 
• Provides more efficient back up and recovery utilities. . 
• Also supports connection pooling which allows use of idle connections to support more 

users. 
• New object extensions - ability to create other types, external libraries and new in-built data 

types. 
• · Net8 also known as SQL *Net to provide multi-tier network where many users can query the 

database· at the same time with greater efficiency and speed. 
• Oracles data cartridges (plug-ins available for creating new data types). 
• Supports large amounts of data to be stored (512 petabytes and more). 
• Shared database links (linking many multi-tier databases ·on one network). 
• Longer field size increased from 2GB to 4GB. 
• Increased number of columns per table. 
• Support for ANSI SQL3 standards. 

Acknowleagements 

This works was partially supported by a grant from the Lucas Faculty Excellence Endowment. 

References: 
PS Newswire URL: http://www.tensor.net/info/oraweb/newsre1ease/oranews116.htmJ March 3, 1997. 
High Performance Oracle8 Object Oriented Design by David Anstey, 1997. 

· Oracle8 Design Tips: An Oracle Design Comparison by Dave Ensor, 1997. 
Teach Yourself Oracle8 Database Development in 21 Days by David Lockman, 1998. 

168 



,HUH######################################################################* 
tiii########################################################################* 
tiii########################################################################* 
~ttii########################################################################* 

****************************************************************************** 
*******************************************~********************************** 

TITLE: 

TIME -PRINTED: 

TIME QUEUED : 

PRINTED AT: 

SUBMITTED BY : 

DELIVER TO: 

Microsoft Word - orcie98.doc 

Wed Apr 29 03:38:28 1998 

Wed Apr 29 03:37:51 1998 

hp@hp4 (hplj-4) @ whale 

student@TEC207WS09 

=====> student@TEC207WS09 <===== 

********** * * * * * * * * * * * * * **.* * ** * *** * *** ** ** * ***** *** * ** * * ** * ** ** * * * * ***** ** * * * * * 
****************************************************************************** 

PLAG VALUES : 
!l=O, d=s, f=l, j=+, q=300, u=l, A=l, B=gn, C=!, H=, J=+, N=l, 
?=wp: hp@hp4 , X= IBM- 8 5 0 

t***************************************************************************** 
t***************************************************************************** 

. ·169 
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During the last decade, our society has developed the capability to move large amounts of information across great 
distances quickly. Computerization has influenced everyone's life in numerous ways. vThe natural evolution of 
computer technology and this need for ultra-fast communications in the corporate environment has resulted in a 
global network of interconnected computers known as the Intranet. ✓fo today's work place, companies seeking to 
gain a competitive advantage are turning with greater frequency toward the Intranet. When compared to other types 
of networks, -the advantages offered by migrating toward Intranet solutions are numerous. Corporate America is 
quickly understanding some , significant benefits, which include ---fower cost of ownership, ..-fl" reduction in 
maintenance, less programming and a-greater degree of flexibility when using the Intranet platform. 

HYPOTHESIS 
The Intranet provides employees with the capability to share information whether they are communicating within 
the same department and geographic location, or around the world and across business units, in mere fractions of a 
second:•Tois newfound global network, originally called Arconet, was developed and funded solely by and for the 
U.S. government. ·Today, the· Intranet is no longer limited by the powers that g~vern.' Over the next few years, an 
increasing number of corporations will implement an Intranet strategy as an inexpensive alternative t<?. upgrading 
their existing LAN' s and WAN' s. 

RESEARCH OBJECTIVE 
This new frontier. (Messmer, 1993) does have some black holes that warranted closer evaluation. This paper will 
attempt to focus on the Intranet platform and answer the following res~arch questions:'' !) What is the purpose of the 
Intranet, who are its users, and how do they benefit by this network?"'2) What privacy and security resources can be 
used to protect against unauthorized users? 

THE PURPOSE OF THE INTRANET 
·· Research on the Intranet is becoming more and more popular throughout the business world and otner types of 

organizations (Carr, 1996). Many c.ompanies and organizations are already making this change and many more are 
considering it. There are a multitude of advantages offered by an Intranet solution when compared to other types of 
networks. These advantages include reduction of ownership costs, less maintenance, less programming and more 
flexibility on an Intranet platform."Unlike other types of networks, the Intranet allows different types of machines 
and operating systems to communicate effectively through the integration of this network platform. When 
implementing this type of network, -the costs are reduced because machines and operating systems already on hand 
can be used effectively without swapping hardware and software components for compatibility purposes. ",.Quick 
access and easy programming is also another consideration that is made when considering this type of network. 

' lntranets have just started to be implemented throughout the world and already a big change has been noticed. 
~,companies are keeping track of all of their important information on web sites;-which are restricted to users, · 
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unless they have the security code to access them. ·'Thanks to Internet technology, companies and other types of 
organizations are now able to keep all of their information organized and easily accessible, placing the information 

_/Just a mouse click away from their employees. - ·Government, education, and both large and small businesses are 
beginning to jump on the bandwagon. · · 

The original intention of the Web, as it is now referred to, was not to create a sea of web servers and surfers 
(Cortese, 1996). The Department of Defense created it for it's own use, to ·keep contact with all of the locations 
throughout the world, making it easier for them to retrieve and send information when desired. As businesses, 
government and education soon discovered the advantages of the Internet and web technolog · es, they began 
implementing it for internal use~is internal use is better known as the Intranet, and represents a new model for 
internal information management, distribution, collaborative computing and simplistic but powerful 
implementation of client/server computing. ,Jntranets are private Web-based networks, like our own Triblink 

- (Intranet site of Tribune Company, exhibit A).,These sites are usually maintained within corporation firewalls, that 
connect employees and business partners to vital corporate information. Thousands of organizations are finding that 

-...Jntranets can help empower their employees through more timely and less costly information flow. :/fhey let 
companies s·peed information and software to employees and business partners. ·-Intranets provide users with 
·capabilities like looking up information, sending and receiving e-mail, and searching directories- (see Sun-Sentinel 
Intranet Site, exhibit B). <1 They make it easy to find any piece of information or resources located on the network. 

· Users can execute a single query that results in an organized list of all matching information across all servers 
throughout the enterprise and onto the Internet. 

·-As recent as ~ few years ago, Intranets didn't exist (Strom, 1997). Now the market for internal web-servers is rapidly 
increasing. , Intranet technology is beginning to be used all over the world. VJntranets present the infonnation 
constantly across every desktop, regardless of computer configuration. ',•By doing this, the Intranet is doing what 
hardware and software makers have been promising but have never actually delivered. v-Oesktop technology 
regardless of hardware, software, and database configuration is able to pull together a network system that enables 
users to find information wherever it residesYintranets are only logically "internal" to an organization but physically 
they can span the globe, as long as access is limited to a defined community of interests. 

Building Intranets allows today's corporations to leverage Internet and Web technologies for the purpose of 
troubleshooting internal problems traditionally addressed by. proprietary data base group-ware and workflow 
solutions. /Two-thirds of all large companies either have an internal web server installed or they are considering 
installing one:lfhe organizations who use Internet technologies on the corporate network generally move traditional 
paper-based information distribution on-line. ·"Other types of information that might be put on-line would be the 
following: 

• competitive sales information 
•. company calendar of events and reporting schedules 
• human resource 
• job postings 
• employee benefits statements 
• technical support 

- • help desk applications 
• financial reporting information and schedules 
• company newsletters, telephone directories 

- • project management 
• company news and press releases 
• business unit and department information 
• industry relevant information, such as media briefs 
• stock performance 
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These companies typically provide a corporate home page as a way for employees to find their way around the 
corporate Intranet site. This page may have links tovfnternal financial information, -marketing, · manufacturing, 

---human resources and even -non-business announcements as outlined above. It may also have links to outside sites 
such as--client home pages or other sites of interests. 

"Both the Internet and Intranets, center around TCP/IP (Transmission Control Protocol/Internet Protocol) 
applications. These applications are used for the transport of information for both wide area and local area. 
Enterprise networks nowadays are a mixture of many protocols. -the most popular ones being IPX, IP, SNA and 
many others. This is all beginning to change by replacing these protocols with one typically .being the IP Protocol. 

'-IP can handle both LAN and WAN traffic,'it is supported by tbe majority of computing platforms from Macintosh 
to Windows NT to the largest mainframe and on top of it all it is the'f,rotocol used by the Internet. 'There are three 
types of protocols considered under the TCP/IP applications. These are ~TP (File Transfer Protocol), ··SMTP 
(Simple Mail Transport Protocol) and "fiTTP (Hypertext Transport Protocol). HTTP is a newer Internet Protocol 
designed· expressly for the rapid distribution of hypertext documen!s. It uses minimum network bandwidth. In 

·. addition, its simplicity makes it easier to design· and implement an 'HTML(Hypertext Markup Language) server or 
client browser. 

Once a server is set up, almost everybody can create web pages with the use of HTML, which is the World Wide 
Web universal language format. Converting documents into HTML format is getting easier and easier with the use 
of new programs such as Microsoft Front Page. This is considered another big advantage of using web technology 
because fewer programmers are required to maintain it thereby reducing expenses to the company. Intranets allow 
programmers to make one copy of any information and run it anywhere, even across client / server platforms. 

"'There are typically three main reasons why the internal web has become so popular. ' First, all internal webs contain 
text and non-text items, for example"fecorded speech, iraphics and even video clips. This allows the users to listen 
to speeches, watch video clips and look at graphics ranging between pictures and graphs. Second, web sites can 
contain all types of information, depending on the content, author and effort put in to them. Companies are able to 
create an unlimited num·ber of web pages that cover a wide array of topic areas such as employee's payroll, 
company sales, and client contracts to name a few. ·-rmally, each Intranet web server can be cross-linked to others 
by means of hypertext links, whether they are located around the world or just down the street. . It is th~s ability that 
gives the Intranet its power, and draws the attraction of many corporations. 

,_ Intrailets are easy to implement, unlike most other types of networks.~tranets don't require replacement of existing 
systems, databases and applications. ·-they embrace the already existing infrastructure investments, including 

"-tlesktop computers, -servers, ·mainframes, databases, applications and networks. -Other types of networks would not 
allow an organization to have different types of machines or operating systems on the same platform. For example 
on a LAN or WAN network one would not easily be able to use Macintosh computers on the same network as an 
IBM PC. These types of networks would also not allow the users to use different operating systems on different 
computers, while on the other hand, Intranets allow different types of machines and operating systems to coexist on 
the same platform. 

'-PRIVACY AND SECURITY RESOURCES .PROTECTING AGAINST UNAUTHORIZED USERS 
Security is also a big factor on Intranets. \Protecting information on a private network is critical (Parker, 1983). 

"'liitranet security services provide ways for resources to be protected against unauthorized users, for communications 
to be encrypted and authenticated, and for the integrity of information to be verified. 

'-Encryption is method of scrambling data in some manner during transmission (Messmer, 1995). There are a number 
of different ways to protect data during transmission, such as · Substitution ( character for character replacement) in 
which one unit (usually character) of cipher text (unintelligible text or signals produced through an encryption 
system) is substituted for a corresponding unit of plain text (the intelligible text or signals that can be read without 
using decryption) according to the algorithm in use and the specific key. The other me.thod is Transposition 
(rearrangement characters) which is the encryption process in which units of the original plain text 
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(usually individual characteristics) are simply moved around; they appear unchanged in the cipher text for their 
relative location. While both encryption and authentication methods are providing some measures of security, the 
implementation of security itself has become a totally different approach. Before any methods are chosen, two 
important factors in security implementations have to be determined, the level of security needed and the cost 
involved. This will ensure the appropriate steps are then taken to implement a safe and secure environment. 

Before the advent of the Internet, the U.S. government controlled most new encryption techniques. But with the 
development of the world wide web and faster home computers, they no longer have the control they once had. 
New algorithms have been discovered that are reportedly un-crackable even by the FBI and National Security 
Association (NSA). The government is now concerned that they may be unable to maintain the ability to conduct 
electronic surveillance (Dodd, 1986) into the digital age. To stop the spread of data encryption software, they have 
imposed very strict laws on its exportation. One programmer, Phil Zimmerman, wrote an encryption program he 

· called PGP (Pretty Good Privacy). When he heard of the government's intent to ban distribution encryption 
software, he immediately released the program to the public for free. PGP's software is among the most powerful 
public encryption tools available. 

Internet privacy through data encryption and Internet censorship are linked in one important way. If everyone used 
encryption, there would be no way that an innocent bystander could stumble upon something they weren't meant to 
see. -..eJnly the intended receiver of an encrypted message can decode it and view its contents; the sender isn't even 
able to view such contents . .. ,Each coded message also has an encrypted signature verifying the sender's identity. 
Corporations can issue and manage a · security key infrastructure to give their employees the ability to conduct 
company business securely across the network (Mango, Paul, Clough and Bryant, 1993). 

CONCLUSION 
, The full potential of Intranet technologies is far from being realized. · Over the next few years, Intranets will · be 
enhanced with new services that will make them even more attractive to many more organizations. Companies and 
organizations are already beginning to migrate toward Intranets solutions>As Intranets are becoming more and more 
popular, more LANs and WANs will be converted because of all the benefits offered by Intranets. ·:Money is a big 
factor when deciding to change from an existing network, but when considering Intranets, this usually inexpensive 
change makes it a very compelling alternative for most companies to consider. 
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STUDY OF BOEING'S STRATEGY VERSUS 
AIRBUS IN THE GLOBAL MARKET 

By 

Paul F. Tully 
California State University, Sacramento 

ABSTRACT 

This paper examines the commercial aircraft industry using Porter's five forces and his generic business-level 
strategies to put Boeing past actions in perspective. It then examines Boeing's recent merger with McDonnell 
Douglas and the European reaction to it. Additionally, the paper looks at company structural differences between 
Boeing and Airbus, as well as structural changes Boeing initiated to aid its new strategy implementation. It closes 
with an assessment of the merger on Boeing's performance to date. 

INTRODUCTION 

In 1990 the Boeing's Company Commercial Airplane Group was doing extremely welL It was America's largest 
exporter and captured 54 percent of all new commercial aircraft orders in that year. Boeing had a backlog of 1,563 
aircraft scheduled for delivery between 1990 and 2000. This backlog, worth $ 100 billion, was sufficient to keep 
Boeing's facilities ~t maximum capacity until the beginning of the new millenium. The company had earned $1.3 
billion on revenues of $27 .6 billion in 1990 by producing 35 commercial jet aircraft per month, but there were 
concerns (20:C289). 

Airbus Industries was becoming a much more formidable competitor. Originally founded in 1970 as consortium of 
four European aircraft mapufacturers; Aerospatiale, France (37.9 percent); Daimler-Benz Aerospace, Germany (37.9 
percent); British Aerospace, UK (20 percent); and Construcciones Aeronauticas SA, Spain (4.2 percent), by 1990 it 
accounted for 24 percent of all new aircraft orders (20:C289; 1:221). Airbus was now the world's second largest 
aircraft manufactur~r. In addition, 1990 brought signs of the airline market entering one of its· cyclical periodic 
downturns. This resulted in a price war among the world's airlines with accompanying operating losses that forced 
them to cancel orders with ~ircraft manufacturers. Boeing saw its 1990 backlog of 1,563 aircraft drop to 1,293 
aircraft by the end of 1993. Over this period from 1990 to 1993, Airbus had continued to capture market share and 
now commanded 33 percent of the total market (20:C289-C290). This paper examines Boeing's struggle to retain 
dominance in the commercial aircraft industry. · 

INDUSTRY ANALYSIS 

The industry analysis or five-for.ce model was developed by Michael E. Porter to help assess an industry's profit 
potential. The key for a firm to compete effectively is to find a position within the industry from which it can 

· influence the five forces to its benefit or can effectively defend itself from their impact. These forces combined 
compose the firm's task or industry environment that have a direct impact on its success. Specifically, these forces 
are (1) the intensity of the rivalry among current competitors; (2) the threat of additional competitors entering the 
industry; (3) the threat of substitute products and/or services;-(4) buyer's bargaining power; and (5) supplier's 
bargaining power (29:32; 18-82). For this paper, only the intensity of rivalry within the industry is examined. 
Boeing is in a good position on three of the other four. Only suppliers are currently a concern. 

The rivalry between Airbus and Boeing is intense. As Airbus grew in size and success, it emerged as Boeing's 
principal rival. When Boeing merged with McDonnell Douglas, Airbus became its only rival. Now the direct 
competition between the two involves every facet of the commercial aircraft industry. Boeing saw the merger 
opportunity with McDonnell Douglas as a chance to improve its competitive position by significantly increasing its 
capability and gaining advantages of scale. Airbus and the European Union (EU) viewed the merger as a threat to 
its ability to compete and opposed it. Both EU and Airbus saw the merger as an attempt by Boeing to make Airbus 
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a marginal competitor and allow Boeing to monopolize the commercial air transport market (10:20-21; 7:24). 
Whatever else the merge accomplished, it unarguably intensified the level of competition in the industry. Another 
aspect of this Boeing-Airbus rivalry is that it has caused both of these organizations to significantly alter their 
respective strategies in order to counter the other's moves. With Airbus setting its sights on Boeing as the only 
place to gain market share, the intensity of the rivals can only grow. 

PORTER'S GENERIC STRATEGIES 

Michael E. Porter developed a paradigm for strategy at the strategic business unit (SBU) level. This model provides 
a framework of three competitive strategies that a company can choose from in selecting its own strategy for 
obtaining a competitive advantage. These strategies are low-cost leadership, differentiation, and focus, or as more 
recently described, quick response. Stated another way, these play to the customer's desire .for goods or services 
that are cheaper, better or at least different, and faster (22:28-29). 

Low-Cost Leadership 

This strategy attempts to gain the firm an increase in market shares by providing a lower cost product than 
competitors. Using this strategy, the firm aggressively pursues efficient facilities, cost reductions, and utilizes tight 
controls in order to be a more efficient producer than its competitors. The focus here is on stability rather than on 
innovation and growth through risk taking or seeking new opportunities (19:32). 

Differentiation 

Utilizing this strategy, a firm tries to make its product unique and distinguish it from other competitors in the 
industry. This strategy can reduce the intensity ofrivalry with competitors, separating the user's product from that 
of others in the consumer' s mind, and thus building a loyalty to the firm's product which reduces the threat from 
substitutes (19:32-33). 

Focus (Or Quick Response) 

With a focus strategy, the firm concentrates on a specific buyer group or regional market as its particular niche 
domain. The firm will emphasize either a low-cost advantage or a differentiation advantage within its very narrowly 
defined market, but overall employs a mix of the two s·trategies with one of them being predominant (19:32-33). 

BOEING'S STRATEGY 

Historical Background 

The principal factor from the external environment impacting on Boeing's success is the economic condition of the 
airline industry. The external environment is the source of a firm's opportunities and threats, and that its task 

_ environment includes sectors with which the organization interacts directly and that have a direct impact on the 
. organization's ability to achieve its goals (19:47-49). A firm must respond to the demands of the environment to be 
successful. Over time these demands change and so must that strategy of a firm. Uncertainty makes long-range 
planning difficult for commercial aircraft manufacturers and it increases the risks involved in aircraft production. In 
the 1980s demand forecasts had been good, but these optimistic growth projections did not materialize. By 1993 
nearly 1,000 surplus jet aircraft were parked in the Arizona desert by U.S. airlines. When this type of situation 
develops., the airlines cancel orders, slow down their orders for riew aircraft, push back delivery dates for aircraft on 
firm orders, and decide not to convert options into firm .orders for future aircraft deliveries. The situation grew so 
bad that by I 993 both Boeing and Airbus experiencing a situation where there were more cancellations than orders 
in their order books (20:C292). 
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Boeing's Early 1990s Strategy 

Boeing had traditionally followed a differentiation strategy and carried that into the 1990s. Boeing has continuously 
upgraded its customers' fleets with larger, more efficient, and technologically advanced aircraft. This has led to a 
high level of customer satisfaction, a reputation for high-quality manufacturing, and its present dominant position in 
the industry. Boeing's continued focus on manufacturing and technological know-how has led the company to 
develop a capability in applied technology. Management has tried to capitalize on this distinctive competence by 
diversifying into other areas, and building a portfolio of core competencies in high-quality manufacturing 
(21:C146-C147). 

During this period, Boeing continued a trend toward sharing developmental and design risks by partnering with 
outside contractors to. design, develop, and build components that Boeing would later assemble. Better than 50 
percent of aircraft components are outsourced. Development of new aircraft models is expensive and time 
consuming. Typically, Boeing faces up-front development costs of $1.5 to $2 billion, lead times approaching four 
years, uncertain learning curves, and the qualification and management of thousands of subcontractors for each new 
model developed. Recouping the investment associated with these development efforts was becoming more difficult 
in the early 1990s as Airbus and McDonnell Douglas used competitive pricing as a strategic weapon against Boeing 
(21 :C147). 

Boeing had attempted to deal with these competitive pressures by adopting a ''family of planes" concept. The basic 
premise of this concept is to create a new generation of aircraft with several variations or models spun off the 
original concept. This allowed Boeing to create a more efficient design and development process, utilize a common 
assembly line for all variations, and continue moving down the same learning curve while meeting market demands. 
The Boeing family ·currently offers a complete product line with anywhere from 100 to 600 seats and sufficient 
payload, range, and operating flexibility to meet every current market need (21 :C 14 7). 

By 1996, Boeing had unfortunately become the highest cost manufacturer in the commercial aircraft industry. One 
part of its cost problem was its extensive commitment to customer service, another its antiquated tracking system 
that linked manufacturing and engineering, and it also was experiencing very high manufacturing defect rates. 
Defense spending was also decreasing, putting more pressure on the Commercial Airplane Group to take up the 
slack (21 :C 151-C 1 ?4 ). The environment was demanding that Boeing change in order to be more competitive. 

Boeing' New.Strategic Focus 

In early-1997, Boeing announced ·a new 20-year strategic plan called "Vision 2016." This· plan called for an 
integrated aerospace company with three distinct core competencies. The first goal is to gain · detailed customer 
knowledge and focus by listening aggressively to customers to better understand their needs. The second core goal 
is to effectively integrate and manage large-scale, complex systems. Finally, Boeing's last goal is to develop lean 
and efficient design and production systems. Boeing has instituted initiatives to streamline its commercial transport 
design, specification, and manufacturing process; but is still experiencing problems in these areas in its Commercial 
Airplane Group. A key element in achieving this goal is the Define and Control Airplane Configuration/ 
Manufacturing Resource Management (DCAC/MRM) system. The complete conversion of the Commercial 
Airplane Group to these DCAC/MRM standards is expected to be completed by the end of 1998. Prior to these 
standards, almost every aircraft was virtually a custom job (6:21). 

The key in Boeing's "Vision 2016" strategic plan is a diversification strategy that has it moving into nontraditional 
business lines and approaches. This new strategy was the result of Boeing's senior management meeting with 
strategists from Stanford University. This effort marked the start of the learning process in defining and formulating 
strategies. The principal objective was to secure an improved balance between the firm ' s cyclical defense and 
commercial aircraft businesses. The specific objective was to maintain a steady cost unit (6:20-21). This new 
strategy was the genesis for Boeing's merger with McDonnell Douglas. 
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Boeing-McDonnell Douglas Merger 

In early 1997 Boeing initiated two actions that caused Airbus and the European Union (EU) grave concern. Boeing 
announced a pending $14 billion merger with McDonnell Douglas corporation, and it is also penned innovative, 
exclusive contracts to supply aircraft to U.S. megacarriers (Delta, American, and Continential Airlines) for the next 
20 years. These contracts were worth billions of dollars and essentially froze Airbus out of the market (5:29). This, 
coupled with the McDonnell Douglas merger, portended serious competitive problems for Airbus (5: 20; 4: 23). 
Boeing saw the merger as a way of not only gaining capacity, but of moving down the cost curve by gaining 
economies of scale. Its high cost structure combined with Airbus subsidies, reputed to be $25.9 billion for the 1970 
to 1990 period, were pressuring Boeing to do something to get its aircraft prices into competitive line (20:C294). 

European Reaction to Merger 

The. European commissioner in charge of competition policy stated his strong objections to the merger that would 
strengthen Boeing's leading position in the industry. He categorized Boeing's 20-year deal with Delta, American, 
and Continental Airlines as "totally unacceptable." The European Commission (EC) launched a formal inquiry into 
the merger and issued a 40-page formal statement of objections. The EC denied its approach to the issue was 
politically motivated (7:24). Aviation Week and Space Technology magazine, however, felt the focal point of the 
controversy centered on the exclusive long-term (20-year) contracts, and that the charges of unfair competition and 
antitrust issues were a smoke screen for protectionist policies (18: 78). Boeing maintained that its principal merger 
goal was to use the McDonnell Douglas defense business to affect more equality in Boeing's civil defense revenue 
ratio. Boeing's stance was that the U.S. Federal Trade Commission (FTC) should be the lead review agency on the 
merger and not the EC (8:25). 

Over the summer, the controversy intensified. Airbus called the merger a new attempt to force Europe to remain a 
marginal competitor and to permit Boeing to monopolize the commercial transport industry. The European Union 
called the exclusivity agreements "illegal," and even raised the issue of a possible trade war (10:20-21). By July the 
EC was threatening to penalize Boeing and McDonnell Douglas if they followed through with their merger. The EC 
wanted Boeing to offer adequate remedies with regard to its main competitive concerns. The U.S. FTC approved 
the merger in early July, thus formalizing a disagreement between U.S. and European agencies. In cases like this 
companies planning a merger must then abide by the opposing competition authority's decision and find a 
compromise that would satisfy both parties ( 12:66-67). Boeing ultimately made last minute concessions that 
addressed all the EC' s objections and an agreement was reached less than 24 hours before the EC was poised to 
formally reject the deal (13:22-23). 

STRUCTURAL CONSIDERATIONS 

Boeing's merger with McDonnell Douglas is typical of many major U.S. aerospace companies' efforts in recent 
years to pursue economies of scale as a sustainable competitive advantage. It amounts to a growth by acquisition 
strategy. Still to be viably demonstrated is management's ability to integrate these multiple businesses, each with its 
own distinct culture. This is not an easy task, particularly in Boeing's case. It has long experienced stubbornly high 
operating costs, which are exacerbated by its archaic accounting system. These two factors have continuously 
stymied Boeing's efforts to be more aggressive in pricing its products competitively. Scale theoretically should 
produce production efficiencies by providing lower unit costs through extended production runs. Whatever the 
.result, full integration of Boeing-McDonnell Douglas will not occur overnight (3:88-89). 

Boeing does have one significant advantage over Airbus. Boeing is one integrated, private company. That gives 
Boeing the ability to fashion its structure to achieve its goals and accomplish its mission. It has a single vision. 
With Airbus that is not true. It is a consortium of both governmentally and privately owned companies each with 
their own goals. That makes it much harder to control and integrate. 

Government-owned and private companies have different sets of obj~ctives (1:32). A first step to improve Airbus' 
structure would be the privatization of France's Aerospatiale. Airbus is aware of this need and proposed a Single 
Corporate Entity (SCE). As proposed, ~CE would assume control of the Airbus partner's research, development, 
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and production assets by a tentative 1999 deadline ( 10:21 ). This would internally unify Airbus and reduce some of 
the competing national interests and frictions . 

Chandler coined a strategic management axiom that "structure follows strategy ." Boeing has instituted ,.JDajor 
o~ganizational and management restructuring since the merger was accomplished to bring structure into line with its 
new strategy. McDonnell Douglas' manufacturing arm as well as sales, contracts, marketing, and customer services 
were integrated into the Boeing Commercial Airplane Group; however, this Douglas Products Division will be 
operated as a separate entity for 10 years per Boeing's agreement with the EU. The majority of programs will 
remain at their existing locations with their current workforces. Most consolidation is going to affect the 
administrative areas or where there is duplicate capacity (14:31-33; 2:46). 

CONCLUSION 

It is far too early to definitively proclaim the merger a success or failure. Only time will permit an accurate 
assessment of that. It is safe to say that things are not going as smoothly as Boeing would have desired. A myriad 
of problems have been encountered only some of which are related to the merger. The following list details some of 
Boeing's mostsignificant woes: 

(1) Boeing has severe production problems. In October 1997, the company said $700 million of a $2.6 billion 
loss through 1998 was due to 737 production inefficiencies (24: El-E2). 

(2) The.airlines began making money in the mid-1990s and they unexpectedly ordered more planes. Boeing 
has increa~ed production schedules to 43 per aircraft per month (23:El). 

(3) The 239% increase in Boeing production schedule is causing severe parts delays. It will be early 1999 
before the supply chain can be synchronized (16:45; 17:22-23). 

(4) Boeing's payroll. is bloated. It has added 41 ,000 workers in two years. This resulted in a training cost 
increase and a jump in overtime pay to support increased production (28 :El). 

(5) On January 22, 1998, Boeing announced it was taking an expected charge of $910 million for the fourth 
quarter to write off costs associated with taking over McDonnell Douglas and production problems. 

(6) This was further exacerbated by Boeing' s continuing loss of market share to Airbus Industries and the 
threat of order cancellations from airlines hurt by Asia's economic crisis. 

Boeing needs time to digest McDonnell Douglas and fully integrate it into the Boeing system. After all, less than a 
year before this latest merger, Boeing acquired Rockwell International's aerospace and defense business for $3 
billion (27:El-E2). Stlch a tremendous increase in size in such a short time causes disruptions and growing pains. 
The long-term competitive outlook for Boeing, however, appears very favorable. · 
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Welding Process Optimization 
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The objective for this .project was to employ the techniques of experimental design to greatly reduce the 
time required to determine optimal welding process parameters. A method was developed for a gas metal 
arc welding (GMA W) process . 

. BACKGROUND 
Currently, there is a lot of interest in the welding industry in applying the concepts of "total quality" to 
automated welding systems, most notably robotic arc welding systems. This interest seems to focus on weld 
quality and process optimization. Application of methods that can be used to achieve this focus are 
impeded by the fact that effective low level methodologies present considerable conceptual difficulties due 
to the complexity of the arc welding process . . 

The objective of this work was to establish a cost effective yet simple method which could be employed to 
establish optimal process settings for a given set of conditions and level of quality. In order to accomplish 
that end, two problems had to be addressed. The first was how to define weld quality and the second was 
how to find the optimal settings for a given condition at that level of quality without performing hundreds of 
trial and error runs. 

In the experiments used to develop the methodology, thin sheets of 409 stainless (.040 to .060 inches thick) 
were welded together using a lap joint. A Hobart power supply and Motoman robot were used to make the 
welds. There are many different process parameters in gas metal arc welding (OMA W), such as type of 
gas, mix of gasses, torch angle, torch position, voltage, wire feed speed, travel speed, contact tip to work 
distance, wire diameter, etc. In this process variation exists in the parts being welded, the fixture, and the 
welding power supply. In addition, the robot and the operator introduce variation. 

What we have tried to do in this project is develop a method to find settings for only those process 
parameters which can be easily changed, and to define levels of quality that were subjectively bas~d on the 
simple visual inspection of the welds. The process variable we chose to optimize w~s travel speed since it 
is directly linked to throughput and productivity of the robotic welder. 

THE METHOD FOR OPTIMIZING WELD PARAMETERS 
This method uses procedure~ based ort design of ~xperiments and regressio~ for det~rmining the "9ptimal" . 
process settings for maximum travel speed in processes. Other procedures based on design of experiments 
and regression or neural nets h~ve been proposed with similar objectives e.g., ARCWISE™ in Harwigg 
(1996) and Jerry Jones' neural net procedures. For our purposes, ." optimal" is defined as the faste~t travel . 
speed setting of the.welding robot that permits "good" weld quality. 

There are at least three challenges related ~o developing any useful procedures based on planned 
experin1~nts: 

1. Many combinations of the key process parameters, travel speed, wire feed speed, and voltage result 
extremely low quality welds or infeasible processes. 

182 



2. \\ i.d quality evaluation can be expensive and/or inherently subjective. 

3. Real welding does not occur under ideal process ~onditions. The welding process must address 
variability in the environment. For· example, in welding lap joints, there may be a gap between the parts 
because of poor fixtures. 

The features of the "MaxTS" procedure for weld area optimization are designed to address these problems. 
( l) The procedure selects somewhat nonstandard variables as the independent variables in order to avoid 
the problems of bad weld combinations. The procedure uses arc length instead of voltage and ratio instead 
of wire feed speed as the primary variables in experimentation and modeling. With these choices, almost all 
of the combinations selected experiments array result in reasonable settings and quality. The region of 
interest in the parameter space based on the new coordinates becomes roughly spherical. Also, the quality 
responses can be expected to be smooth functions, which is critical to the accuracy of the regression models 
used. 
(2) Experimental cost is greatly reduced by the use of subjective measures of weld quality. These 
determinations are made quickly by the weld engineer. While these subjective determinations do introduce 

· human variability, we have found that they are remarkably consistent from person-to-person and day-to-day. 
Also, it is an advantage, and perhaps necessary, to incorporate the judgment of the related weld engineer. 
(3) Variables that are not controllable under ordinary conditions such as fit-up are introduced in the 
experimentation process in order to search for interactions with the control parameters. These interactions 
can provide opportunities for robust settings of process parameters that diminish the effect of process 
variation on weld quality.The "MaxTS" Five Step MethodThis section describes the MaxTS method, 
illustrated by its application to the welding of lap joints using thin stainless steel.. There are five steps in 
this method. In Step 1, the engineer selects a representative contact tip-to-work distance (CTIW) based on 
experience and generates two curves showing the voltages and wire feed speeds at constant arc length. We 
have found that five half welds are e,nough to draw each curve. The arc length can be.measured by eye. The 
arc lengths selected should be a middling low value and a middling high valu~. These curves will be used 
to determine appropriate ranges for the voltages in the experiment in Step 4. 

Since there may be an interaction bet~een CTIW and other parameters in determinin.g the true arc length, 
the decision variable is the approximation to the arc length based on the arc- length curves. However, except 
for the gap between the parts being welded, we have found that the effects of the other parameters on the arc 
length are small in practice. Also, as long as we recognize that our decision variable is not the true arc · 
length, the practical implications to the success of the procedure in finding good settings are minimal. The 
approximate arc length is merely a useful surrogate for the voltage that permits poor settings including 
buried arcs to be avoided. 

In Step 2, a small number of tests are run as shown in order to determine a reasonable range for the ratio of 
wire feed speed to travel speed. This ratio is directly proportional to the weld area. The reason for using 
the ratio and thus the weld area as a decision variable instead of the travel speed is, again, that the region of 
interest using this ratio is roughly spherical. 

During the experiments to determine a range for the ratio factor, the weld engineer should carefully inspect 
each weld for appearance. This is similar to the procedure in Harwigg (1996) except_that the engineer must 
determine only a range of weld areas instead of a single, ideal weld area as in ARCWISE™. The 
conditions used for these preliminary tests should be ideal process conditions because the main ·purpose is 
to maximize the cosmetic· appeal of the majority of welds. The output of this work is five settings used in 
Step 4: the extreme low ratio, the middle low ratio, the midpoint, the middle high ratio, and the extreme 
high ratio. · 

The process of developing a noise strategy in our method in .Step 3 consists of two stages. First, identify the 
variables that are most likely to be introducing variation into the process. For example, the fixtures holding 
the parts in place to be welded often input dimensional variability by holding the parts with a gap between 
them. Second, develop a strategy to control these factors for experimentation purposes. This may be 
difficult because these factors are often uncontrollable during the normal operation of the process . . , 
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In our study, we developed a precise fixture indicated to secure the gap between the parts being welded at 
predetermined distances from each other. This process is similar to the development of a "noise strategy" 
discussed in Taguchi (1993). The important difference is that, in our method, the noise factors such~ the 
"gap" are included in the experimental matrix together with the "control parameters" such as travel speed 
and ratio. Taguchi introduces a separate array for these factors which we believe is unnecessarily expensive 
for the majority of arc welding applications. 

In Step 4 , the remaining "control'' factors are selected and 5 levels assigned. The majority of the 
experimentation with be conducted at the middle-low and middle-high settings. If needed; lowest and 
highest levels can be collapsed to the mid-low and mid-high settings. For example, in the lap joint study, 
the bottom level of gap was collapsed so that the mid-low and lowest settings were both 0 wire diameters. 
It was desirable to have a large fraction of the experiment performed at the nominal gap setting of 0. 
·For the experimental design, central composite arrays are used that include resolution V fractional factorials 
found in most statistics software packages. This approach offers reasonable economy while permitting 
interactions between factors to be estimated·without confounding. With five factors, we suggest the 33-run 
central composite in two blocks. The blocks give the freedom to run the experiment on two separate 
occasions without biasing the results. In our case study, we used the settings shown in Table l. The time 
required to ~n all 33 runs was roughly 5 hours. 

After_producing t~e welds, the welds flfe .evaluated using 0-10 ra~ings._ Th~ fol\owing three guidelines for 
the ratings are important to the success of the procedure. (I) Scores are given for each failure mqde, e .. g., 
failing to bridge the gap permitting possible leakage through. ~he weld or bumi'ng of the welc;l thr<;>ligh the 
material whicQ c~ re~ult in leakage ,and weak welq,s . . (2) Care must ,be ,given _to assign ,pf1Tely _acceptable, 
welds a rating of 8. Note that welds may be acceptable by one criteria and failure due to another, e.g., a 
weld with high ratio '(l~ge .area) may succes~fully bridge the gap s~t dunn'g the experinie~t and yet may' 
significantly bum~through the material. (3) Ratings must preserve the relative ordering of the welds and 
must be spread out pver the range. Jbe number of inches of good weld under :hi_ghly .cri~ical standards 
should also be determined and used to. check the r~sults. In our, case study, the samples were 11 inches. 
The, number of inches of i~~al weld for each samp,le is shown in T~ble 1: 

In Step 5, regression models are fit to the subject_ive ratings for each failure mode. The resulting models are 
used as constraints _in the optimization o~ the travel speed. -The non-linear program spown in Figure l . 
defines the optimization. Each failure mode introduces a .constraint in the optimiz~tion. ~e failure modes 
~e modeled separately because the physics of each failure mode is, in general~ simple and well modeled by 
a low order expansion. The model of the combined failure modes is often compiicat~d, requiring a higher 
order expansion. Since w~ _can only fit a second order model with any experimental designs available. with 

·. reasonable cost, multiple second order models will result in less bias than a single second order model~ 
Therefore, modeling each failure mode separately is likely to reduce bias and improve the model accuracy. 

I I J : • ; l • ! .' . j ; : ; ' ~ .. 

The random noise in the regressi~n m9(lel and the fact that quality problems m.ay 9nly, b_e, ytsible after . 
several meters of _welding sugge~t that we use .a hi_ghe~ than .minimal standard. fRr quality. Therefore, •,. 
although a rating_~f 8 i~ considered, acceptab~e •. we suggest requiring a valu~ _q'(9_ or 10 ;wW,-the. v:ah~~-s of 
the noise parameters ~et at their middle values ~r r~presentative ~~tt~ngs. ~~ interactiqn plo~ between the 
c_ontrol _and noise variables may be ex~ined'in order to determine the possiple e~iste,nc~.o(~ny rpbustness 
opportunities no(captured in the solutio·n .of the non-:Iine_ar· program__ . . ;. , ., , : .! . . 

' ' ' ., i j, .· ' _. : 

There ~e· many avajlable methods to solve the non-linear program in Step ·s .. F~r example, .it can be solved 
using enumeration of all alternatives on a grid b~cause the number ·of independent fact~rs is, in general, 
small. In our case study with 5 factors, we use down-hill searches with multiple starting points to arrive at 
the optimal settings, travel speed (TS)=59 ipm., Ratio=6.9, approximate arc length=4/32", contact tip-to
work distance (CTfW)=16 MM. These settings are-predicted to resuldn values of 9 for both objectives 
and therefore achieve minimal bum through and bridging. problems. The contour plot of the minimum of 
our two quality measures is shown in Figure 2. 
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As a final check, we examine the two factor interactions with the noise factor, in our case study this is the 
gap between the parts. To simplify matters, the objective we use is inches of good weld because this 
includes information from both failure modes. In general, significant quality problems occur when the gap 
is large. However, the contact tip-to-work variable apparently provides a robustness opportu.nity. When 
C1TW is high, the effect of the gap on the inches of good weld ~s minimized. If the optimiz~tion had 
selected a low value of CTfW, .we might consider a by-hand adjustment. However, the value selected by 
the optimization is r~bust so no adjustment is recommended. 

SUMMARY 
This paper has described some work which was undertaken to improve the productivity of arc welding 
operations by reducing the set up time. A method employing design of experiments was developed and 
discussed. This method also seeks to improve the productivity of the actual welding op~ration by seeking 
parameters which produce a maximum travel speed and minimum throughput for a given acceptable level of 
quality. The level of quality can be defined by subjective ~easures selected by the welding process 

· engineer. 
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Table 1. The central composite experiment with independent variables travel speed (TS), ratio Qf 
travel speed to wire feed speed (WFS), arc length, contact tip-to-work distance (CTTW), and gap. 

Independent Variables Determined Variables Responses 
l lPM l ' l (1/32) Inch l MM ! MM 1PM i V A i J/ln. ·(0-10) i (0-10) i Inches 

Run Blocks i TS i Ratio i Arc Length i CTTW i Gap WFS l Voltage l Amp. ! , Heat Burn ! Bridge l Good 

..... 1 ...... Day 1 ... L. 50 .. L.. .. 6 ..... L.. ........ 4 .......... L ... 14 .... L .. 0 ....... 300 .... 1....2·1.9 .... i....228 .... J.5991_.8 ..... 10 .... L. .. 10 ..... ! .. 1.1.00 ... 
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This paper explores the nature of change in general and organiz.ational change in particular by contrasting 
the Western paradigm of change versus the Eastern paradigm of change. Our intent here is to highlight the basic 
differences between Western and Eastern paradigms in describing, explaining and prescribing change, and to 
facilitate constructive synthesis of the two paradigms. It is hoped that this effort would provide some insight into 
the issue of change, and such an effort would eventually result in an overall conceptual framework of change which 
integrates various perspectives by adopting a paradoxical logic of thinking. 

INTRODUCTION 

In the world of business, change has become the watchword. Many popular writers have written about 
change or chaos as the new business reality. The conventional wisdom has shifted from passively coping with 
change to actively managing change or even proactively creating change. Today's managers are supposed t.o excel 
at facilitating changes both inside and outside their organiz.ations. 

· It is clear that the business world has been quite sensitized to the notion that change is part of business life 
and it needs to have strategies to manage change. Despite its practical significance, the phenomenon of 
organiz.ational change has not been adequately studied (see Barnett and Carroll, 1995; Van de Ven and Poole, 
1995 for literature reviews). According to these reviews, there are three major problems in the study of 
organiz.ational change. First, there is no overall conceptual framework to theorize about orgnaiz.ational change. 
Second, there is little concensus with regard to the basic dimensions of organiz.ational change, such as those of 
directionality, desirability, source, possibility, and style of change. Third, the fragmentary and contradictory state 
of both theory-building and empiral finding is largely due to the compartmentaliz.ation of perspectives, such as the 
seperation of process issues from content issues, which in turn is rooted in either-or logic of thinking. 

This paper explores the nature of change in general and organiz.ational change in particular by contrasting 
the.Western paradigm of change versus the Eastern paradigm of change. Our intent here is to highlight the basic 
differences between Western and Eastern paradigms in describing, explaining and prescribing change, and to 
facilitate constructive synthesis of the two paradigms. It is hoped that this effort would provide some insight into 
the issue of change, and such an effort would eventually result in an overall conceptual framework of change which 
integrates various perspectives by adopting a paradoxical logic of thinking. In the sections to follow, we first 
discuss the need to invoke Eastern paradigm of change so as to better understand organiz.ational change. Second, 
we compare Eastern and Western paradigms along five primary dimensions: directionality, controllability, 
desirability, source and style of organiz.ational change. Finally, we seek to provide some implications for the 
practice of organiz.atiohal change. · 

The Need to Invoke Eastern Paradigm of Change 

The information revolution, speed as a competitive weapon, and breakdown of trade barriers among 
nations are creating breath-taking changes in customer expectations, competitive environment, global commerce, 
and so on. This, in tum, requires new skills in managing change. How to successful manage rapid change has 
become the key to organiz.ational success. 
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Looking back a decade, several leading companies have lost their ability to compete effectively in rapidly 
changing markets. IBM once a venerable force in computing is being pounded by Compaq, H-P and Dell. 
Westinghouse has gotten out of manufacturing appliances altogether. Apple Computers, once a leading force in 
personal computing has now an insignificant share of the market. On the other hand GE and Microsoft.appear to 
have managed change very well. 

The economic crisis in South East Asia has also exposed the vulnerability of South Asian 
economies, which only recently were the envy of the world. The phrase, "The 21st century belongs to Asia" has 
been modified to include a question mark at the end. In January '98, a two-day conference on "Indian CEO's in 
Search of New Anchors" was held in Vadodara, India by India's leading management association. The title of the 
conference itself suggests the uncertainty in the minds of Indian CEO's as to who their role model should be. 

Until the South East Asian economic crisis, the business world appeared to have two distinct models to 
choose from. One was the Japanese model of deliberate, continuous improvement reflected by concepts of Total 
Quality Management, Kaizen, Just-in-Time, Employee Involvement and so on. The other was the radical, 
American model of Business Process Reengineering and restructuring which had been used by the American 
industries in the last ten years. The present healthy state of American economy is partly attributed to tlte painful 

. . restructuring and downsizing carried out by its firms in recent years. Is there a third model as a perhaps better 
alternative to the above two conventional models of organizational change? 

Explaining how and why organizations change has been a central and enduring quest of scholars in 
management and many other disciplines. The contents and processes of events that unfold in these changes have 
been very difficult to explain, let alone manage. To understand how organizations change, management scholars 
have borrowed many concepts, metaphors, and theories from other disciplines, ranging from child development to 
evolutionary biology (Van de Ven and Poole, 1995). This theoretical pluralism often results in 
compartmentalization of perspectives that do not enrich each other and produce isolated lines of research (Barnett 
and Carroll, 1995; Van de Ven and Poole, 1995). It is critical to develop a general theoretical framework of 
organizational change under which all major issues of oragnizational change can be interpreted and evaluated at a 
more abstract level (Barnett and Carroll, 1995; Van de Ven and Poole, 1995). 

Further, almost all theories about oragnizational change are built on the basis of Western experience 
viewed from Western culural perspective. Some argue that Western experience and culture are by no means 
universal or superior to those of other parts of the world (Li, 1998). For instance, as the traditional Chinese and 
Indian epistemologies (or logic of thinking) are holistic, dynamic and paradoxical in nature, they may•offer a better 
alternative to developing geocentric theories of organizational change (Li, 1998). 

Contrasts Between Easte~ and Western Paradigms 

Eastern and Western paradigms of change differ along five major dimensions. First is the dimension of 
directionality of change. According to Western paradigm, change is like moving along a linear time line toward a 
definite goal we choose for ourselves, which is like a straight highway with the future ahead of us and the past 
behind us. An organization is like a vehicle that travels on the time line path towards the future. This view 
implies that change is related to future rather than past, and that past, present and future can be easily separated 
(see Figure 1). · 
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Figure 1 

PAST 

With regard to the dimension of directionality of change, Eastern paradigm differs from Western . 
paradigm. The Eastern paradigm has been shaped by two ancient civilizations, namely, China and India. 
According to Eastern paradigm, change is like moving along a spiral time line from infinite past toward infinite 
future. This view implies that change is related to both future and past, and that past, present and future cannot be 
easily separated (see Figure 2). When each cycle--represented by a circle--is complete, the return point is higher 
than where it has started. Humanity therefore not only goes through cycles, but it slowly evolves to a higher state of 
consciousness. · 

Figure 2 

I 

Evolutionary 
Spiral 

Second is the dimension of controllability of change. According to Western paradigm, change is either 
possible or impossible to control (see Barnett and Carroll, 1995, Scott, 1992 for reviews). The adaptive school, 
which includes contingency theory, resource dependence-theory, institutional theory, strategic choice theory, argues 
that organization is an adaptational entity that is able to _adapt internally to external changes. The selective school, 
represented by population ecology theory and evolutionary economics, argues that organization cannot change 
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easily since change is not controllable. In contrast, Eastern paradigm believes that change is both possible and 
impossible to control. Organizations can internally adapt to, and even influence, external changes to a certain 
extent, whereas different aspects of organizations are subject to various external influences to various extent. 

Third is the dimension of desirability of change. According to Western paradigm, change is either 
desirable or undesirable. Change is generally perceived as desirable since change, whenever it is controllable, is 
viewed as a process toward an intended goal selected by organizations. Further, the intended goal tends to be 
perceived as a state of perfect equilibrium. However, when it is uncontrollable, change would be viewed as a 
undesirable chaos. Thus, this view implies that change is a controllable means for a rational end of stability rather 
than an end itself. In contrast, Eastern paradigm believes that change can be both desirable and undesirable, as 
both means and end, and leading to both stability and chaos, largely because change is viewed· as both rational and 
natural as well as both controllable and uncontrollable. 

Fourth is the dimension of source of change. According to Western paradigm, change is caused by either 
external forces or internal forces. When caused by external forces, change tends to be perceived as passive and 
negative in nature because external environment is often viewd as hostile and uncertain; when caused by internal 
forces, change tends to be perceived as proactive and positive in nature because internal leadership is often viewed 

.. as controllable and predictable. · 
In contrast, Eastern paradigm, change is caused by both extenal and intenal forces that cannot be separated at all; 
change is both positive and negative because it is both hostile and friendly as well as both uncertain and 
predictable. 

Fifth is the dimension of style of change. According to Western paradigm, change is either a slow process 
of incremental and piecemeal evolution or a fast process of radical and wholesale revolution. In contrast, Eastern 
paradigm believes that change can be both slow and fast as well as both evolutionary and revolutionary. Changes 
in different aspects at different times occur at different paces in different manners. In sum, Western paradigm 
views change a_s an either-or phenomenon while Eastern paradigm views change as a paradoxical phenomenon. It 
is epistemology or logic of thinking that distinguish the two paradigms. 

Implications for the Practice of Organizational Change 

Applied to organizations, the Eastern model of change in a spiral may be shown in Figure 3 and Figure 4. 
Figure 3 illustrates the notion of holistic change. The key to successful change is to identify the core values and 
propagate them throughout the organization. Symbolically, the organization might look like a radar screen with 
concentric circles emanating from the core. Core values would be the abiding values of the organization. The next 
circle might represent the visjon and mission of the company supported by the core values. The next circle out 
would be the management systems, and the most outer would be the operating systems. Like radar screen blips, a 
company rooted in its core values, is ever watchful and observant of the environment, both external and internal. 
The changes in the environment may elicit responses from all the circles. These changes would take the form of 
adaptation and modification. It is hoped that the outer circles will reflect the solid core values of the center. Thus 
the outer cicles would then be anchored more firmly, needing fewer and less painful adaptations. 
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Figure 4 illustrates the notion of dynamic change. There is a sense of order in the beginning. As the 
business grow, complexity increases. Then comes confusion and chaos. Finally, and hopefully, there emerges a 
sense of order aligned with the core values. In the beginning there is a sense of mission. During the phase of 
growth and complexity, it is helpful to have the vision as your guide. In the chaos phase·, it is essential to have 
faith in the core values to guide one through. The last phase requires action to reorder the priorities 

V/S/0.N 

CHAOS REORDER 
ORDER COMPLEX ITV 

FA./T.ht' ACT/0/V 

The Taoist symbol ofYin-Yang illustrates the notion of paradoxical change. In Hindu metaphor, the dual 
aspects of nature are called Shiva and Shakti. The notion of paradox refers to the fundamental state of being for 
all entities as opposites in unity {Li, 1995). Applied to change, the greater the change occurring outwardly, the 
more rooted one becomes to the unchanging core of one's self. Conversely, one can effectively initiate change in 
the outer aspects of organizations only by having·those organizations anchoring in their inner core values. 

In sum, the central notion of change in Eastern paradigm is the metaphor of spiral. This metaphor 
summarizes the central themes of Eastern paradigm. It indicates the cyclical nature of change and yet it gives 
room for growth and evolution based on experience. It also implies that the essential core values and truth remain 
anchored, although the outer is changing. This process is symbolized by the axis of the spiral shown in Figure 2. 
The spiral movement represents the nature of evolution. Further, it suggests overali growth and development. 
Each cycle is by no means the repeat of its old self because each cycle finishes higher than where it has started. 
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CONCENTRATION IN THE NEWSPAPER INDUSTRY 

Few Americans haven' t heard occasional outbursts by critics bemoaning the impending demise of the press. 
Prompted by highly visible_ newspaper failures, such as the Chicago Daily News in 1978 or the Washington Star in 
1981, thescobservers think that the American newspaper industry has become politically unhealthy because of 

. ownership concentration. 

Figures la-c present some relevant data for the period_ 1920 to 1996 that illustrate just how concentrated the United 
States newspaper industry really is. They show the American press has experienced dramatic economic changes . . 
For instance, the number of general circulation dailies has severely declined. By 1996, most of the country' s urban 
areas did not have local dailies. and of those cities with dailies, only 3.8 percent had more than one. 

F·igure la - Number of English-language general circulation dailies 
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Figure Jc - Newspaper Chains with Most Owned Dailies in 1996 
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Newspaper chains owning and operating in more than one market, i.e., Gannett or Hollinger. also gained larger 
shares of the markets they operated in during this period. In 1920. only 13 chains operated in the United States; by 
1976, the number had risen to 167. The incidence of chain-owned dailies also increased from 2.8 percent to 59.4 
percent in this period. By 1976, a typical chain-owned daily bad greater circulation . than that of an independent 
daily ( Bagdikian, 1980). Moreover, by 1996, more than 40 percent of the nation's total daily circulation was in the 
hands of ten newspaper chains (NAA, 1997) . . 

Figure 2 shows the largest newspaper chains in 1996, by total circulation: Obviously, the chains differed in 
structure, with some holding a few large papers and others maintaining a portfolio of smaller papers. 
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Figure 2 - Largest chains of daily newspapers in 1996 (circ stats in millions) 
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Sources: NAA Facts About Newspapers (1997). 
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Moreover. the market was highly fluid in this period. For instance. in 1996 the new leader was the Gannett chain. 
with ninety-two dailies ~d total circulation of 5.840 million. Knight-Ridder had moved up to second. 

Analysts often debate what effects concentration in the press has had. But there is fur less disagreement on the 
cause of concentration in the daily newspaper market. Most analysts ( e.g., Rosse. 1978,1980) recognize that 
newspaper production costs and advertising rate structures possess strong economies of scale. An economy of scale 
exists when one large firm can supply a product at lower cost than can a combination of small firms. Economies of 
scale occur in newspaper production because the overwhelming proportion of production costs accrue in · th_e first 
copy of each press run; ·the marginal cost declines sharply for the second copy, and even further for copies run 
thereafter. Advertising cost display a parallel logic; to reach an audience of a given size • it is generally less 
expens_ive to advertise in one larger paper than in several smaller ones. Both factors allow large newspapers to 
offer readers and advertiser a better product at a lower price than smaller competitors. And the industry 
concentrates because, in the long run, the disadvantaged position of the smaller papers forces them out of business. 

DENSITY DEPENDENCE AMONG NEWSPAPERS 

Further analysis of American newspapers suggest in part that the declines in dailies retle~t the operation- of 
density-dependent processes of legitimation and competition. For exampl~ figures la and lb show the density of 
newspapers operating in various metropolitan markets across time. In each instance. the trajectory of density is 

, consistent with that predicted by theoretical model. Institutional history also coincides with the moder s depiction 
of organizational evolution driven initially by legitimation and then later by competition. 

LEGITIMATION 

The first papers in the United States found it difficult to continue publishing without the endorsement of 
authorities. Prtblick Occurrences Both Foreign and Dome stick lasted only one issue because it's publisher was 
jailed for printing .. the truth as he saw it" ( Emery and Emery, 1978). America's second paper. John Campbell's 
Newsletter, had its copy approved by the governor. Subsequent papers were typically published by posanasters who 
noted that they were circulated·• by authority." In 1721. James Franklin challenged the authorities \\ith his New 
England Courant. Although he wound up in jail. the paper operated for five years and gave strong ·impetus to the 
development of an independent press. By 1785, all thirteen of America· s colonies had at one time or anolher been 
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Early uewspapa1bad very high failurera&es. Mm: lhaa W ~die 2.100 pape,s founded hebe 1820 are dwulbt 
to laave survived rm- Seu tbaa two )QllS (Emery Md F.,acry. 1978). fiuncial di~ 8'+0UDl.ed k maay of 
daese failures. F.arly_ papen alio CIICOUDl«ed lepl. pmdcal, and dvit ~. Oae of die JQOl'C iatemtiae 
obs&acles involved lillcl, a dlar,e lbal could re&UII iD jail &eQlelleeS « ~- f.arl)' 4'0UtlS ~•zed die 
pritlciple. " 1be greaeer lbe ll'Udl, the greaae, die lild' ( E&Q«)' and &laery, 1971). 111d 4id '" allow a~ IO 
iQlroduce evideoce as lO die Uu&b of ap alle,ed Ubel atil at least lW (MoU. 1962). 

AIQelicaQ ncwspapen ~ to 1830 were bukally d two types; meKllldle pqpers (wludl pilMed \Qllaletcill 
inftwmatioo) ud parusaQ papers (wbida rqo1ed polilkal oews ud pilled ~s, u.wally "' ldwt (i dae 
poli~I partieti wppwtieJ lbelQ). Bolll kia<b of tmtelprises were t)'pically ..U. olea qae-per~ q,«aakll~ ID 
tbe 18308, . so-allied "Peuy Press" (umed after its retail price) emet,ed. mamn, die first ladepeadeal. 11\aU
besed llCWspapetS (Scbudsoo, 1978). Tbese papen gained iQdepeftdeace fr<m political pal'lie& llecawie lbeir lw(WJ
based readership geneiated ample reveaues fma sales aod advertising. In &ena& of COOIC8l. lbe pelaPY pape,s q>fed 
r~ <qecfivity: acalllnt& of trials ad die like ~ oftee publisbed vedladl8 frta official pr~gs. ne 
established preu of die day labekd auch wnteDt& se11il&iooal, tJut nial llisl«ian SdaudQI ( 197&) credit.~ Peamy 
Press with ioveauus die modern com-q,t of "Dews." By the tum of die cen&ury. me j(j, of raewspaper repc.wter bad 
been aransfooned illto a professioo. Many cities fmned preu clubs. Ancl. she joutaaliun prof$OA tqan to 
iacrc~iQgly _wess fairness, objecuvity. and dbpassiocl (Scbudsoo. 1971). 

TheftC and other deveq>melllS led so die social a«'C~ of d1e new_spape,. ih lakea-for-granaed riglll of 
exislcnce. alMI its commonly regarded vahle ~ a source of inConnalioo. Yd lbc proceu t,y wtaicb dais occwrc4 w~ 
unevm in bolb time and space. For insaance, publpbers &dll fouad &bemelves oa occasioo duelin3 with Ille angry 
subje(.U of cdilorials until aa least tbe nuct..iae&eelllb ceDIUtY (Mon. 1962). Baales in~ newly seule4 areas of abe 
South aQd Weil sbowed lbll while natioaal evenlS set die stage for legidmatioo, IICW papers 00 lbe expandiqg 
froo&ier ofteP needed IO ~sh dlei' own daias. 

C~lft:TIUON 
N~ ~ of biuer local oewapapcr rivllrie& bave beee ~ ~ &be induslry'i 100 )'ell' 

bisrory. r~om Ike perspective of ~gaail.alioaal IIQ1ality, however, compedcim ~tied during die twenu& 
ceo$UI')'. The best dala on aapetltbl and cmsoUdatioo in dae oewspaper iaduslry p:,lain IO 8CIICQI~ 
dailies~. Owea, and~ 1975: fse,y and faery, 1978). 1be fU'Sl daily PCwspapt'f, Qdlecl lbe 
Pt,msylva11ia Evening Post. appeared ta 1711 Dailies (Olltinued co remaiD relatively ~. however, UPli1 
die middle ol the nindeeOda \UUJry. By lllO, die INIQlla of daily DCW&papee'I had l(OWP lO 850. Ti.e peak 
ollQlher of 2.200 WI' readied imaaediately priq° IO WWI, wiab lk 8IQDhet of dailie& decliaing IO ab(u l.7SO 
between WWI and WWII. That dellsity f1 dailies mnaiaed rou,bly Mable until 1980, wilb small flucaaalioos 
periodically during dial spaD o( lime, 

Aa sua,es&ed by figure lb. this natimal lfcad masted ao undedyios proo:u of severe local cooapedlion. Widlin 
lbe majorily of cities, dlete bu been a lleady downward lreOd &oward me daily eewspape.r offering b' dlal city. 
Among all cities wida ,wo <¥ more cunpetins dailies. die pen:eat would f'all duriog die aext cealUI')' Cran 61 
percenl in 1880 IO 3.8 perceol iP 1996. 
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SUMl.ies by Carol and Haooan (19&9) sbow lbat in large newspaper markets, lite relatiooshil)' between density aod 
newspaper founding and 0subsequent failures are s&roog. 

SPECIALIST NEWSP4PEII 
. Altbougb most Americans tnow about die me « two specialii.ed aewspapn dlat Ne relevant 10 lbeir specific 

· · wu-ld, few uadersland lbe size 8Ad diversity of the whole spocialist sepneal of lbe newspaper i~. Specialist 
newspapers are oftea invisible «> lb06e oowde their target audklK.'e&. Data m ~ paper$ are also bard ao 
cane by. 

Fisure 3 presents sqae imperf~ data oa the specialisl newspaper Jq)Ulatial of the United SWes Crom 1920 ao 
1996. Tbe dala C004Vll non-daily newspapers radaer lllan specialists. Howeve.-, beawse few speciali~ publish oo 
a daily hws. lbere is litely ao be a positive awrelllioo ~Wffll 'flC(ialist aad aoo--daily aewspapers. Figure 3 also 
sug~s lb8l &ke size d lbe spedatiu pr~ is sut,saandal. M«eover, tbe IWIDbet of papers in lb~ ~t 
remained fairly s&alJle in &be ~t WWII era. Because lOlal cir~ tw grown, so IOO bas lbe avtnge si7.e of 
lhe~papers. 

Number of weetiy Ncwsrepen 

CON~lJSION 

1"8 
u14 · 

. .,. 
7,612 ·-7.95' 

, .. 
1.SSO ·-7.915 

Long refore the naaioQal ..-~ emerged. a-ganizatiooal traasfoonalioos were well UGdel' ~1lY Pl die ~ 
newspaper indusuy. Most ma_p cities aad llldrq,olit.aa area\ wimesscd a predpitous dr(1> iD Ille 1uamber or daily 
eewspapers operaling ill die• markeL 

This decliDe ~ driven by intense a.a~ in wtaat ~ by Ike twenlietk ceoaury a mawre ioduilry. Tbat 
. organ~ ev<iutioo in dlb ~ was drivea primarily by competidoo is ~sislall widt the .~ity model of 
.... ganiialiorial ecology. 

Earlief history oi Ille iodusU'y also agrees witb die expecta1km of die deasity model in dial lbe press eocounsered 
many ~ to legjtimaaiort The &eOSWvity m die press ao po&i&kal 1~ and '°"' polilical procesaes 
uQderscores Che precarious early evolulion of die aew..,er organiiadoaal fona. 

Fioally, in lbe mm recaat «a. lite specialisl preu ba& seam! a llable and subaalial IDlltet segmea1. Tbe bees 
producing coocenb'alion in lbe daily preu llave POI uodenDiaed Ibis lread. iD fact. Ibey have likely CGbanced ii. 
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One of the key elements in the internal environment of strategic planning is the investment in human capital. Human 
capital is the 'know how' of the people who make the whole thing work (Nelson, 1994). The attention given to 
international human resource management and development play a key role in the success or failure of a company in 
international expansion. The companies that have given the human factor the same weight of priority as their product 
or market in strategic planning appear to be more successful than those that have placed higher importance on their 
product and market. These companies long- term commitment and investment in human capital have paid off. Although 
different approaches can be taken, the investment that a company makes in it's employees, translates to an investment 
in the company's future. The development of human capital, more than any other factor, accounts for the differences 
in countries, and the human resources available to companies, as they expand to different countries. 

INTRODUCTION 

In today's global environment, companies realize in order to grow they must expand overseas. They mu~t do this 
regardless of their size or the products and services they offer. The mature markets in the United States and in other 
developed countries leave companies with very few other alternatives except to build new markets in developing 
countries. To compete in the global playing field, companies most plan strategically to remain competitive. Japanese 
companies have always placed a high value on their employees and made employee development a key element of their 
strategic planning. Human resources are key to achieving high performance work environments and competitive 

. advantages.(Worklife Report, 1994). 

THE IMPACT OF HUMAN RESOURCES ON INTERNATIONAL STRATEGIC PLANNING 

R.L Tung, in an article entitled "International Human Resource Management Policies and Practices: A Comparative 
Analysis" states that effective human resource policies and practices help a firm gain and maintain a competitive edge 
because technology, capital, and know how are all managed by people. He goes on to quote Michael Porter's indication 
that" Every activity (in a value chain) involves human resources and thus human resource management activities span 
the entire chain." (Tung, 1990). One of the most important aspects in the human resource management process is the 
selection and training for personnel for overseas assignments. It is important that executives have an international 
orientation to compete and effectively deal with worldwide challenges and opportunities. Tung compares and contrasts 
policies and practices in dealing with expatriate assignments among a sample of U.S., European, Japanese, and 
Australian multinationals. The implications from his findings are reflective of how important management practices and 
development ofa process for selection and training of employees for international assignments are key to how successful 
the employee and in tum the company will be in its overseas endeavor. 

Companies that are successful in moving into the global markets are companies that have made human resources or use 
of their human capital a key factor in their strategic planning (Molnar, Lowe 1997). In a study by Fredrick Herzberg 
it is stated that despite cultural differences there are more commonalities among workers throughout the world than one 
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might think. His theory is based on the premise that workers are more motivated by the need to succeed and that it is 
up to management to provide opportunities for people to achieve, so in tum they will be motivated (Herzberg, 1987). 
Companies with the proper programs in place motivate employees to succeed, in tum the companies are successful. 

In the age of the lean company where bottom line is what dictates the size of the work force, companies will pull training 
to cut expenses. This may serve as a quick fix, but when there are no longer enough competent employees to produce, 
it will effect the bottom line. When too few employees, are doing too many jobs, the quality of work and the morale of 
the company will suffer. As a result the company may loose large amounts of money, and as morale decreases and 
burnout increases, the company may cease to be competitive, and eventually cease to exist. 

QUESTIONS COMPANIES NEED TO ASK 

As we move into the new millennium and a smaller world, companies have to ask many questions of themselves in order 
to find out how well equipped they are to do business on a global playing field. Do they have the capabilities to 
understand the complexity of a non-domestic work force? Who will run overseas operations? If they use the locals, who 
will do the hiring? Who has the capability to interact with the co-workers in another part of the world? What level of 
skill is available in a target market? How much do they need to spend in time and dollars in training? These are complex 
issues that have to be considered in planning strategically. There is no disagreement when it comes to the issue of a 
limited talent pool of managers capable of performing on a global scale. A study by R.L Tung (1990), supplies 
information on international human resources management practices and polices obtained from questionnaires, surveys, 
and in depth interviews covering the areas of expatriation, repatriation, and compensation. The conclusion indicates that 
four key areas needed to be addressed for policy effectiveness. These include: 1) Importance assigned to overseas 
experience, 2) Need to develop long term expatriation with regard to expatriate assignments overall planning and 
performance assignments, 3) Need to develop international orientation, and finally 4) Need to provide cross training 
programs. Failure to recognize that there is a difference in managing human resources in foreign environments for 
whatever reasons there may be, ethnocentrism, lack of information or lack of an international perspective, lead to 
adversity in international operations (Dowling,P.J. 1988). 

Companies with a "We will find someone when we get there, " attitude will find themselves left by the way side. There 
are expatriates, foreign nationals, and the short-term start up employees, sent off to put the wheels in motion. The odds 
of survival and success increase with the amount of planning that has been put into this process. The consequences of 
failure, both in terms of financial and human cost, are far graver internationally than domes_tically. In a case study 
conducted by Destnick and Bennett in 1978 there was evidence suggesting that "poor management of human resources 
was often linked to failure in the international arena." The primary causes of failure in multinational ventures stem from 
a lack of understanding the essential differences in managing human resources at all levels, in foreign environments" 
(Destnick, Bennet, 1978, p.60). The competitive company must be able to manage host country nationals transplant its 
culture, be able to select expatriates, manage cultural and ethnic diversity as well as repatriation and performance 
evaluation and have a plan to put them in place. 

Strategically plan:nmg for expansion and the ability to remain competitive involves the foresight to know that you must 
have the capability to assign and mange employees outside of their home countries. The company must be able to 
determine how its existing human resources can be utilized and adapted as a part of the plan. David Molinar and Michael 
Lowe outline several key factors to international human resources management. They are understanding the 
organizations business plan, thorough knowledge of the ongoing international operations, knowing the business and 
~conomic situations in·each of the countries the company operates in, and the skills that will be required by employees 
for international assignment. The point should be that these factors are a part of the company's strategic plan. Human 
capital is the most important capital asset a company has, it is a shame so few realize it. Without a capable work force, 
the best product in the best market will soon cease to exist. 

The amount of research in international human resources is still limited, but with increasing necessity it will expand. 
The more that is learned and the more planning that is done in this area will contribute to the future success of the 
companies that move into a world market. Globalization makes it possible to duplicate many factors of production, 
leaving the people to make the difference in an individual firm's ability to stay ahead of the competition. The planning 
and management of a global work -for~e can be an important factor in the success or failure of a multinational 
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corporation (Melvin, Kirsten, 1997). 

Mitsui, Eastman Kodak, Microsoft, Proctor & Gamble and Intel, are some of the most successful companies in the 
world. They are also some of the most innovative. Most important and reflected in the return on investment in their 
incoine statements is the investment that theses companies make in· their employees. The investment made in their 
human resources is key to their strategy and competitiveness. 

··OVERVIEW OF COMPANIES 

Mitsui 

The Mitsui Group is led by the world's oldest trading concern, Mitsui & Co. The Mitsui Group is one of the largest · 
business .enterprises in the world. It operates an empire of742 companies, of which 333 are located outside of Japan. 
This group has interests in construction, investment, finance, transportation, machinery, chemicals, metals, and 
foodstuffs. The gioup also dominates the Japanese import market in cigarettes, sports, and hobby goods. 

This company was started in 1673 from a small family business. It has survived over 300 years and remains a driving 
force in world business. A major subsidiary of Mitsui, Mitsui & Company USA, is a model example of how 
farsightedness and a global perspective in human resource development have played a key part in strategic planning. 
In the 1980's, executive management put together a program to aid in globalization. Several key programs were 
developed to assist Japanese managers working in the United States, and to assist U.S. managers in becoming more 
experienced in managing and understanding the management of the Japanese company and its business systems. 

Mitsui makes a long-term commitment to the developmem of its employees, who, in tum, are committed to the 
company. Mitsui has integrated its human resource development into a key part of strategic planning, with the 
commitment of the development of its people for its continued growth and competitiveness. Years are committed to the 
development of employees so that they are equipped to compete in the world in a variety of cultures and situations. 

Intel 

Intel Corporation, with sales and manufacturing offices around the world, has a training organization with local training 
managers from the local country. In 1983, it launched its intercultural program with the development of multicultural 
integration classes for foreign professionals. The program offered training in intercultural awareness, multicultural 
integration, culture-Specific training, training for international assignments, and intact team training. 

Intel believes that global training for multinational corporations is on going and considered real time; yet, it can also 
be just-in-time, if a joint venture is signed and employees need to be deployed within a matter of weeks. Training must 
be flexible enough to incorporate time constraints, implementing what is needed, when it is needed. Intel's trainers look 
at this as an incredibkchallenge but also as an incredible opportunity (Odenwald, 1993). · 

As a global competitor, with 50 percent of its products sold overseas, Intel uses its total quality management program 
to help managers and employees understand what quality means to its customers, and to understand how everything they 
do in their job effects the customers. Intel believes that its human resources lead the way. They act, and put things into 
place, to accomplish the corporate strategic mission and control the competitive edge (Martinez, 1993). 

Intel spends approximately $75 million on training programs and believes that they get tremendous results for their 
investment. They use a concept they call a "redeployment program" so employees can be moved as needed, making for 
a versatile and qualified work force (Martinez, 1993). 

Eastman Kodak 

Kodak has been a multinational corporation for over nin.ety years, with marketing and manufacturing operations in 140 
international locations. The company has established a reputation of being committed to the development of its 
employees, and has made a large investment in training. Each region has responsibility for the training and development 
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of its own managers. Kodak has used "a decentralized customized approach" as their strategy. Corporate education 
provides a five-segment program targeted at professionals and managers who are in the early stages of interacting with 
foreign operations and customers. 

Proctor and Gamble 

Proctor and Gamble has subsidiaries in 50 countries around the world. Thirty are manufacturing sites, other locations 
are for advertising, financing, and sales functions. Most of Proctor and Gambles training strategy is adopted worldwide. 
Local training staff adapts the courses and presents them locally. They believe the best training is localized and run by 

managers from that country (Odenwald, 1993). Proctor and Gamble is a leader among the pioneers in the development 
of training in managing and valuing diversity. Proctor & Gamble's initiatives are "ground up" backed by leadership. 

Microsoft 

Microsoft has a global view in the development of its Human Resources. The company has a core belief that its major 
asset is the intellectual horsepower of its employees. They have no structured career planning or tracking. It does not 
matter how long you have been with the company, if you are considered to be an asset, you are given responsibility. 
According to Worth magazine, " Microsoft is the world's best managed software outfit" (Jubek, 1997). Internal 
communication is the essence of its management success. Ensuring that employees receive the information that they 
need to do their jobs better, whether it is in sales and marketing, research and development, in support groups, or in 
operations, is a corporate objective. Microsoft believes in recruiting and hiring the best. The company affirms that, "The 
best thing we can do for our competitors is to hire poorly". They are always looking to hire people who are better than 
their existing employees. People that are asserti:ve will remove obstacles that get in their way and do not wait for 
managers to' do it. The core issue in its human resource development is communication. 

The following section summarizes the different approaches to human resource development that the above mentioned 
companies are taking. These organizations are not expected to be paternal to employees. The employees must take the 
initiative to continue to develop their own skills. However, companies that want to continue to remain competitive, 
understand that it is up to them to help employees upgrade their skills and meet their own professional aspirations. 

APPROACHES 

MITSUI INTEL KODAK P&G MICROSOFT 

commitment training decentralized adaptable selection 
to development customized training self motivated 

approach strategy development 

In reviewing the material on Japanese enterprise, human resources development is one of the main ingredients in 
strategy. Under the Japanese strategy, there is an allocation and utilization of internal human resources with less reliance 
on the external labor markets. In Japan, only entry level positions are open to outsiders; the practice is to hire graduates 
straight form school with no work experience, thus allowing for employees to gradually climb the corporate ladder, 
while gaining experience through working (Amante, 1992). 

THE ALTERNATIVES 

There are several examples of companies who have not used human resources as a part of their strategy. In a move to 
capitalize on low labor cost in Mexico, Sunbeam closed down its operations in Mississippi, and laid-off all the workers. 
No one planned for the training of-the people in Mexico or the lack of skill in the labor. Now major costs face the 
company because they are unable to supply to major distributors and the employees from the Mississippi plant have to 
be rehired and sent to Mexico to train the workers. The consequence of not thinking through and strategically planning 
the human resource factor can prove to be of great cost, not only in dollars, but also for the morale of the company. 
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Another example of the lack of human resources in strategic planning is what happened to Pratt & Whitney when they 
went to China with the intention of opening a start up to manufacture parts. Six years later they are still in the process 
of developing the technology and training to a level where production can begin. In this case, the human capital was 
available in terms of labor, but the know how and skills that were needed to successfully run operatiens were 
overlooked. 

Neither of these companies has failed, but the effects of their actions have caused serious damage, which was 
· preventable. Although no dollar examples are shown for these companies, the effect is one .of a chain reaction, which 
is not always visible at first glance, but one that will be seen in the long run. 

CONCLUSION 

The best product, in the best market, in the most financially sound company, will not succeed if the right people are not 
producing the product, developing the market, and strategizing the future. People make a company, although 
computerized workers have taken over some of the more menial work activities, it still takes great minds and passion 
to make a business successful. When most companies are having difficulty, the first strategy implemented is to reduce 
its force of employees. Often this is cutting dead weight, low performers, or processes that are duplicated. When an 
organization consistently assesses itself and its human capital, these things can be avoided. Constant re-evaluation of 
strategy keeps a company competitive. There are many more human resource related issues that have to be accounted 
for globally, such as culture, ethics, language, etc. 

The investment in human resources a company makes, gives it strength to pave the way for success. People either make 
a company successful or cause it to fail. In successful companies, recruitment, selection, labor relations, compensation, 
career development, empowerment, and discipline are all included in strategic planning. Additionally, companies need 
the to acquire the ability to assess the behavioral implications changes in strategy may cause, and how change is adapted 
within the corporate culture. 

Strategy needs to incorporate planning for the development of global players in all aspects. The observations made in 
this paper are based on an empirical analysis of the practices of the companies oveiviewed. There is an opportunity for 
research utilizing quantitative measures of experimental and assignment models for analysis of long-term resul~ in this 
area. 
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Abstract 
Webcasting or push technology automatically sends information from the producer of information-to the server or 
client computer of the subscriber. One of the earliest providers of Webcasting is PointCast Corporation with its 
PointCast client and server software. The subscriber selects what information is required and that information is 
automatically updated every 20 minutes or so. This paradigm is different from the more familiar method where the 
individual seeks out information over the Internet perhaps using a search engine or through a URL. Webcasting 
does not reql,lire active participation by the viewer and in this sense it is more like the Television mode of 
information delivery. This paper discusses marketing implications of Webcasting for marketing decision support 
systems and the marketing mix - product, price, distribution, and promotion. 

Introduction 
Webcasting has been around for a long time, however, it has really taken off during the last two years due to 
PointCast client and server technologies and several other vendors offering Webcasting products. The PC 
Magazine (Hassett and the PointCast Team, 1996) chose PointCast Inc. as the best push technology vendor in 1996. 
Now, however, no fewer than sixteen vendors offer this technology. These vendors include BackWeb 
Technologies, Marimba Inc., inCommon, Lanacom Inc., Wayfarer Communications, Intermind Corp., and 
PointCast Inc. In ·addition, Microsoft and Netscape have offered push technology in their latest browsers namely 
Internet Explorer 4.0 and Netcaster 4.0 respectively. Further, Microsoft has signed up an alliance with PointCast 
while Netscape has teamed up with Mariamba to offer more channels than already included in their latest browsers. 
Table 1 provides a list of several Webcasting vendors. 

Name of Company 
1. Alpha Microsystems, CA. 
2. ~ackWeb Te~hnologies, CA. 
3. Berkeley Systems Inc., CA. 
4. Ex Machina Inc., CA. 

5. IBM info Market, VA. 
6. !fusion Com Corp_. 
7. Intermind Corp., Seattle, WA. 
8. Lanacom 
9. Marimba Inc., CA. 
IO. · Microsoft Corp., Washington. 
11. Net Controls Corp. & Yahoo!, CA. 

& my.yahoo.com 
12. NETdeliveryCorp. 
13. Netscape Communications, CA. 
14. PipeDream 
15. PointCast Inc., CA. 
16. Wayfarer Communications Inc. 

Table 1: Web Delivery Systems 

Product 
AlphaConnect StockVue 
BackWeb 
AfterDark Online 
AirMedia Live Internet Broadcast 
Network 
IBM News Ticker 
Arrlve Network 
Intermind Communicator 
Headliner 
Castanet Tuner 
IE4.0 
My Yahoo! News Ticker 

NET delivery 
In-Box Direct 
Simulcast 
The PointCast Network 
Incisca 

URL 
www .alphaconnect.com 
www.backweb.com 
www .afterdark.com 

www .airmedia.com 
www .infomarket.ibm.com 
www .ifusion.com 
www .intermind.com 
www .headliner.com 
www.marimba.com 
www .microsoft.com 
www.netcontrols.com, 

www.netdelivery.com 
www.netscape.com 
www .simulcast.com 
www.pointcast.com 
www .wayfarer.com 

Before push technology became available, people had to visit the Internet and/or their employer's in,tranet/extranet 
to get information when needed. However, utilizing push technology, pre-selected information is pushed to the 
desktop of the requester in various forms. There are two major systems of Webcasting (1) Blanket Push, and (2) 
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Publish and Subscribe (Scheier 1997). The Blanket Push method sends information from the Internet to the client 
computer without any checks by the MIS department at an organization. The Publish and Subscribe method, on the 
other hand, gives more control to the MIS department and individuals subscribe to the information by selecting 
specific types of information_ that would be delivered. Many Webcasting vendors offer both formats of Webcasting 
systems. Table 2 evaluates the strengths and weaknesses of these Webcasting systems. 

Table 2: Strengths and Weaknesses of Two Types of Webcasting Frameworks 

Type of Webcast Strengths Weaknesses 
Blanket Push • Client Software is free • Need for constant Internet 

• Good for updates from outside connection hogs network 
news feeds bandwidth 

• Ads may clutter users' desktops 

• Limited customization of data 
sent to clients 

• Cannot send internal data to users 

• Security concerns about viruses, 
espionage, or sabotage 

Publish and Subscribe • Can send internal and external • Unproven technology can not be 
data to users utilized for mission-critical 

• Users and administrators share purposes 
management of information • Scalability untested 
flow by customizing data sent • Management tools not yet 
to users available 

• Less network congestion • More administration required at 
because updates are sent only server 
to subscribers • Security concerns about viruses, 

• Can provide information to espionage, or sabotage 
Intranet and Extranet 

The PointCast Network, Mariamba, BackWeb, and Incisa are the major players in Webcasting technology. Their 
products offer different ways of integrating the Web with corporate intranets/extranets. The PointCast client 
software, serves as a screen saver or as a folder/window and collects requested information from the Internet or 
intranet/extranet and displays on the screen when the computer is idle or within a window/folder. Push service 
providers may display information inside a window separate from the work window so an individual could carry out 
normal work while viewing displayed information through push software. Marimba helps IS managers and 
software vendors to distribute software and updates to client PCs. For example, Corel would distribute its Office for 
Java applications using the Marimba Castanet Tuner clients (Moukheiber 1996, Hamm 1997, De Voe 1997). 
McAfee utilizes a BackWeb channel to push its anti-virus software to McAfee customers (DeVoe 1997). 

Benefits 
There are numerous benefits due to push technology. For example, the client software is often free. Subscribers get 
good updates from outside news feeds. Users and administrators can customize data sent to users. Webcasting is 
useful for information and software delivery over the Internet, intranets, and extranets. 

Problems 
Some problems due to push technology are limited bandwidth and lowered productivity. Bandwidth problems are 
created due to several individuals at a company simultaneously utilizing push technology for constant Internet 
connection. Several push technology vendors now solve this problem by letting the company server download 
information once and then push to the desktops of all subscribers of same information. Unlike the bandwidth 
problem, it is much more difficult to establish that productivity decreases due to push technology. If employees 
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utilize push technology to collect information about the previous day's sports results then it would be poor 
utilization ofresources. However, if this technology is utilized to collect relevant information from the Internet, 
intranet or extranet then this should lead to increased productivity. 

Marketers can utilize push technology to improve marketing decision support systems, as well as the marketing mix. 
With push technology, the potential exists to offer information and products to meet idiosyncratic needs of 
employees and customers. 

Marketing Decision Support System 
Push technology allows an organization to build a decision support system in which updated information is pushed 
to the desktops of all i:elevant managers within an intranet/extranet. . The adoption of Publish and Subscribe type 
system should result in better decision making by managers. National Semiconductor utilizes the PointCast 
Network to provide information to its managers. PointCast Network offers several channels that users can 
customize for their idiosyncratic information needs. In addition, National Semiconductor added its own channel to 
the PointCast Network to send company news to its employees. Three types of information is shared among 
employees. First, traditional sales and order information recorded daily by field salespeople. Second, customer 
request for information captured over the Website regarding different types of products that the company offers. 
Third, e-mail questions field on the Web by product categories (Cronin 1997). For PointCast Business Network, 
companies can block out certain ads that they do not want to receive. In addition, the Intranet Broadcast Manager 
allows corporations to broadcast internal news directly to employees. PointCast's I-Server reduces Internet traffic 
and allows a company to send its own information to its employees (King 1997). · 

Marketing Mix 
Product: 
Product information in terms of new releases, software updates, even information like news about the competitors 

. and news about a company's own products can be sent to relevant employees' desktops. For example, the recently 
installed push system at Nations Bank (NationsCast) updates 23,000 employees on changes in the product portfolio 
(Cortese et al. 1997). In addition, companies may improve customer service by alerting employees and customers 
about emergencies or problems. This benefit of push technology is likely to be particularly relevant to weather 
affected industries like power supply and air transportation. Unlike other methods (e.g., e-mail) that employees 
don't always check, push technology ensures that emergency bulletins pop up on the screen of every relevant. 
desktop. 

Price: 
Peterson, Balasubrarrianian and Bronnenberg (1997) suggest Internet-related marketing may result in extreme price 
competition for goods and services that are perceived as commodities partially because factors that might permit 
price premiums (such as store location) are absent and partially because of the relative easy of comparing prices at 
different Web sites. Push technology is likely to accelerate the elimination of price differentials among goods and 
services perceived as commodities because push techno\ogy should allow the marketer to (1) subscribe to channels 
which monitor the price changes of competitors and (2) to instantly disseminate their competitive pricing responses 
to consumers. Consequently, push technology is likely to reduce the effectiveness of the tactic - endemic in 
industries such as air transportation and gasoline - of attempting to steal volume from competitors through short
term price reductions. 

Place: 
Push technology allows information goods such as software patches, software updates, and news to be sent directly 
to subscribers over the Internet, Intranet and/or extranet. As is the case with traditional pull-based technology, the 
introduction of push technology is likely to have little impact on physical distribution functions such as inventory 
holding, breaking bulk and transportation. However, Publish and Subscribe systems are likely to have a significant 
impact on a firm's ability to monitor and improve logistical operations. For example, Ben and Jerry's Homemade 
Inc. is already utilizing push technology to communicate accurate information on the product inventory levels to 
relevant employees (Cortese et al. 1997). Clearly, as exemplified in Ford's recent decision to connect.its 15,000 
dealers around the world, the ability of push technology to improve logistical operations is enhanced when firms 
connect their intranets with those.of their suppliers and/or distributors (Wagner 1997). 
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Promotion: 
Advertising and sales promotion can benefit from push technology. Chris Hassett, the CEO of PointCast, maintains 
that one of the main benefits of push technology is that it increases the likelihood of communicating information 
that employees might delete without reading if sent as a conventional e-mail (Ubois, 1997). Hassett's observation 
has an obvious application to the domain of Internet advertising, because push technology allows Internet 
advertising to become less like print advertising and more like traditional broadcast media. Himelstein, Newborne 
and Eng (1997) report that Internet advertisers pay web page owners that feature their ads .on a cost per thousand 
basis (i.e. per thousand web page visits). In the absence of push technology, predicting the number of users who will 
be exposed to a particular ad is difficult, because Internet users must actively seek out a web page from the 
thousands that are available. This uncertainty is reduced if a blanket style push system is employed to broadcast an 
Internet ad, because, under such a system, ad reception requires no activity on the part of the recipient. 

A Blanket Structured push system also permits the advertiser a degree of control over the timing of the ad delivery. 
For example, under a Blanket Style push system fast food companies might broadcast advertisements to prospective 
customers at their places of work immediately before lunch. Thus, push technology has a distinct advantage over 
pull-based web access systems when an ad needs to be disseminated at a particular time period. Moreover, the 
adoption of passive profiling technology by advertisers utilizing the Blanket Push technology can ensure that their 
Webcast commercials are targeted at individuals with the appropriate psychographic profiles. Passive profiling 
technology, such as Infoseek's Ultramatch, uses the search words that users type in, together with the ads on which 
they click to build the psychographic profile of the user (Ruby 1997). 

In comparison to pull-based web access systems, push technology is likely to be an inferior communication 
mechanism fqr delivering banner advertising. Banners are billboard style ads that are typically located at the top or 
bottom of a Web page. Himelstein, Newbome and Eng (1997) report that banners account for 80% of the 
advertising dollars spent on the Internet, however, they note that banners are easy for Internet users to ignore. · 
Consequently, Proctor and Gamble and other major Internet advertisers pay only for users "click through" the 
banner to the Proctor and Gamble Website - a fraction of the total number of visitors to the Website that contains the 
banner (Rick 1997). The "click through' rate is likely to be even lower amongst message recipients who receive a 
banner advertisement via blanket push because such individuals should be less involved with content flowing to 
their desktop than is the case when they are actively seeking content. 

A survey oflnternet shoppers ~onducted by Jarvenpaa and Todd (1997) reveals that many consumers have 
difficulty navigating the Web. Moreover, Hoffman and Novak (1996) contend that the individuals who perceive 
their navigational skills to be below the challenge presented by a computer mediated environment become anxious 
and either exit the environment or move to a less challenging activity within it. Such individuals are likely to be 
more comfortable receiving push-based information since the passivity of the audience receiving push-based 
content is analogous to a low involvement television audience. The Web equivalent of a television commercial is an 
interstitial- an ad which employs video and sound (Himelstein, et al. 1997). Interstitials are harder to ignore than 
banners, however, the future of the push-based interstitial is less certain than that of the push-based banner. 
Although advances in technology may result in interstitials which overcome the current problems with bandwidth, 
the intrusive nature of this species of advertising may diminish workplace productivity to the extent that firms may 
elect to ban interstitial funded, push-based services from employee desktops. 

Conclusion 
Push technology appears to offer both internal and external benefits to the marketer. Internally, push technology 
should facilitate intra-departmental communication, facilitate software upgrades and thus lead to improved 
marketing decision-making. The external benefits pervade all aspects of the marketing mix. It is possible, however, 
that the greatest external benefit will occur to the function of promotion, since it offers not only the advantage of 
enhanced reach but also, in comparison with traditional Internet promotion, push technology offers a more 
predictable combination of reach and audience characteristics as well as a degree of control over the timing of 
message delivery. 
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ABSTRACT 

We discuss the current status of a project to develop an internet SPC-based healthcare 
epidemiology tracking system for deployed military personnel and discuss future non
technical, data, and statistical research issues. 

DISTRIBUTED PROCESS MONITORING VIA INTERNET 

This paper describes the current status and future directions of a project initiated by the Air Force 
Surgeon General's Office to develop an SPC-based information system that can provide near real-time 
management and clinical information for the military's world-wide health delivery system. The intent is 
that these tools utilize appropriate statistical, graphical, and other scientific methods so that meaningful 
information can be discerned from enormous data flows and historical archives. 

Given the highly geographically disperse nature of the U.S. military system, its hierarchical organization, 
and its continual state of personnel movement, an ideal information system - in the true sense of the term -
should be able to help monitor the performance of the entire system and specific components at various 
levels of aggregation, longitudinally across time, from any given geographical location, and in relatively 
real-time, all ideally based on the same data sources. Multimedia and world wide web authoring tools 
therefore are being used to develop a semi-automated user-friendly system which combines web-based 
technology, desk-top GUI decision support capability, and industrial statistical quality control (SQC) 
methods for graphically analyzing and interpreting process performance data at any level of aggregation 
and from any given lo.cation via internet technology. 

ENVISIONED FUNCTIONAL~TY 

The current focus is on development of an "Epidemiology Tracking System" (ETS) to monitor disease 
incidence rates and various adverse events, based on statistical process control concepts and potentially 
other methodologies, with overall objectives being to allow users to better understand the performance of 
local, regional, and world-wide· health delivery systems, to conduct ad hoc analyses of interest to various 

211 



clinical and management personnel, and to identify important issues for immediate further investigation 
and intervention. Ultimately the complete ETS system is envisioned to consist of the following three 
primary functions or modules: 

L Generate automatic alerts of irregular events, such via statistical changes in the rates of 
certain diseases or adverse events or via identification of interesting relationships within the 
data (the alerting sub-system is described in greater detail below); 

2. Conduct ad hoc analysis such that managers easily can query and analyze almost any 
imaginable data or hypothesis they may have, with the ability to customize analysis queries in 
a GUI-type menu interface; and · 

3. Predict injury and illness trends via forecasting tools, such as for planning for future 
redeployments, peacetime capacity planning, and the like. 

A key objective of the alerting module is for ETS not to be merely a passive tool, but to build into it some 
type of automated "intelligence" that guides users towards potentially important information within the 
data. In this module, automated alerts based on statistical control charts and possibly other embedded 
methods are generated to make the user automatically aware of any processes or subprocesses which 
contain statistical signals (a "lack of statistical control" or "special cause variation" in SPC vernacular). 
Further information on statistical quality control methods, their role in healthcare, and various example 
applications can -be found in references included at the end of this paper [1-7]. 

This automated "intelligent alerting" functionality is especially important given the shear size and 
complexity of the data and the total possible number of ways it could be stratified and examined. For 
example, with over 1;000 ICD-9 diagnosis codes, approximately 20 medical disease categories (MDC's), 
and hundreds of military installations across several geographic regions, theaters, and branches of the 
military, it is logistically inf~asible to manually examine every possible process or event in a search for 
irregular outcomes or patterns. 

a 
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' .. ... .. .... :_. ..... ~.\ ..... .... "• ....... 

' .. 
"'.· ,,,. .... ,· ,J,.. ,~· ,.•• 

' 
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General Schema of Statistical (SPC-Based) Health Incidence Alert Module 

Figure 1 

Once alerts are generated, users also can conduct several types of ad hoc analysis and "drill down" 
through the data, with some system guidance, in order to explore the root cause( s) of the alert by any level 
of stratification, as illustrated iri Figure 1. After specifying the branch, timeframe, and several other 
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particulars, users also can explore events of interest either at the high "dashboard indicator" level or can 
drill down to whatever detailed level and in whatever manner desired - at highly aggregated, theater, or 
regional levels, all the way down to facility-specific analysis. Anticipated later capabilities may include 
customized reporting for different user profiles, automated forecasting abilities, and identification of 
unusual patterns in the data via certain data mining and artificial intelligence methods. Finally, while this 
system is being prototyped and developed within the USAF, it is envisioned that at some future point it 
may be expanded and rolled-out to include other military branches as well. 

CURRENT STATUS AND ILLUSTRATION 

The first phase has concentrated primarily on establishing basic SPC-based alerting capabilities, 
incorporating these into a functional working prototype system, and demonstrating proof-of-concept, 
eliciting feedback, and building support. Upon accessing the ETS website, the user sees a window 
containing a list of alerts that have been generated by preprocessing the data and identifying any 
conditions that violate statistical process control criteria for unnatural events or patterns. While these 
alerts currently are based on test files compiled roughly on a monthly basis, in the near future similar data 
from each installation will be sent electronically via the internet to a relational database on the host server 
in order to generate alerts in relatively real-time. 

Along with each listed alert are the date of the last out-of-control violation and the corresponding 
installation or aggregation level at which the violation occurred, with each piece of information appearing 
much as a typical hypertext "link". Alerts are listed first in reverse chronological order, with the most 
recent alerts appearing at the top of the list, and then sorted within any given data from higher to lower 
levels of aggregation. The user then can point-and-click on the appropriate links in order to see control 
charts and Pareto diagrams of the corresponding information and also can follow other links, as explained 
below, in order to stratify or aggregate the data, such as a by geographic region, facility, ICD-9 diagnosis 
code, tvIDC disease category, and otherwise. 

? ~ Global i:pide111iOioQY Tfackirig Systeffl · · 

1 ' , 
.; ,,•·-•.i AJe~ ~-. ~ l ; ~ ~- Help 

Level: 1 

:\IDC: Diseases of the Nervous 

System & Senst: Organs 

Current Status 

Branch: Air Force 

Region: Southwest Asia 

Category: Theatre 

CENTAF 

Week 2/1/98 

CENTAF MOC 6 (Nervous Systems & Sense Organs) 

~ I 4.0000 

i ! 3.0000 

1/,.;;~~•iJ:::~;Y,,;{~ -'.r:/: 

Disorders of the Nervous System and Sense Organs, Aggregate Theater-Level (No Alert) 

Figure 2 

213 



Each control chart data point for a given time period also is a link to a Pareto chart corresponding to that 
time period (such as the number of respiratory disorders stratified by facility for a given week which is 
out of control at the regional level). Similarly, each bar on a Pareto chart of, for example facilities, links 
to the corresponding control chart for that installation. Additionally, bars on Pareto charts are coded as 
green or red if the corresponding facility, ICD-9 code, or whatever does or does not have, respectively, an 
associated out-of-control condition (thereby informing the user whether navigating in that direction will 
lead to a root cause). Thus by navigating from the original alert, a user can drill down or up in order to 
better understand the cause of the anomaly and can examine any level of aggregation or disaggregation by 
military branch, theater (geographic region), specific installation (such as a base), all the way down to 
specific departments at specific clinics and the inclusion or exclusion of active duty personnel, non-active 
duty personnel, civilian employees, dependents, et-cetera. 

Figures 2 and 3 illustrate recent examples of control charts for rv.IDC 6 (Nervous Systems and Sense 
Organ Disorders) which did not contain any irregular statistical events and MDC 10 (Diseases of the 
Digestive System) which did generate such alert~, respectively. By default, the last 30 time periods 
(currently weeks) are displayed, with all out of control points being highlighted in a different color. As 
can be seen in Figure 2, the rate of occurrence for this disease category (and for this regional level of 
aggregation) is stable over time, exhibiting only natural variability and no irregular patterns or indications 
of a change in the disease rate. In contrast, Figure 3 reveals that this disease category (at this level of 
aggregation) does exhibit several irregular events which warrant attention. Note that had these charts 
been run in more real-time, users would have been alerted to these events soon after they occurred. 

Glo~al Epideffllology:Trac·king· System· 

. \·: . ~: ;·Al~rts . -- . ·. ·. ~ - :: - ; Help 
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MDC: 
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Ilranch: Air Force 

Region: Southwest Asia 

Catc~ory: Theatre 

CENTAF 

Week 2/1/98 

CENTAF MDC 9 (Disease of Digestive System) 

Disorders of the Digestive System, Aggregate Theater-Level (Alert) 

Figure 3 

POTENTIAL ISSUES 

With the initial prototype rolled-out and proof-of-concept demonstrated, all assumptions and issues 
currently are being documented in order to assess next steps and priorities for future development and 
research. Several important potential issues already are evident and might be categorized into non-
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technical and statistical issues. The largest non-technical issues are similar to experiences in most other 
industries, including availability of data in its most appropriate format and sufficient familiarity with SPC 
to implement best control chart use. 

Data Issues 

For example, again not dissimilar from experiences elsewhere, in many cases data that are passively 
available in a predetermined format are not necessarily the best data for controlling some given process. 
In other cases where data integrity is uncertain or where data are not currently available in the preferred 
format, the degree to which standard SPC methods are compromised is uncertain without further study, 
whereas the ideal approach is based on mapping out data needs and establishing plans to ensure such 
information is systematically collected in the future. -

Related issues concern whether it will be possible to obtain data on a more real-time basis, obvious 
security issues, and how to best pre-process the data (overnight or once per week) to enable rapid query 
and alert reporting. The current planning is for each facility to make its data available either via email, 
ftp, or otherwise on a weekly basis, although some data elements (such as number of active duty 
personnel) are based on the status at the time of reporting and may not necessarily represent the entire 
week ( especially if large fluctuations occur within a given week, for example due to personnel 
movements), potentially leading to significant increases in both false-alerts and false-nonalerts. 

Statistical Issues 

Presently, with most the focus-to-date on getting a working prototype in place, several of the above issues 
and their potential impact on the tool's performance and validity are not well-understood. Other important 
issues which merit examination include the effects of (non)independence and other assumptions, 
identification of the optimal control chart design, certain chart performance when using various within
limit rules, the use of more powerful types of control charts, and the best SPC approach to particular 
situations involving certain types of multivariate, correlated, non-homogenous, and mixed distributions 
which widely exist when aggregating data in many of the cases here. These and several related research 
issues are discussed in greater detail elsewhere [ 6] and in a companion paper [7]. 

DISCUSSION AND FUTURE DIRECTIONS 

Future directions include adding additional functionality and conducting research regarding several of the 
above and related issues. For example, in addition to statistically-derived SPC thresholds, an override 
capability is being considered by which a user also could specify some other arbitrary value above or 
beneath which an alert would be generated. There are several motivations for this, including the desire to 
be informed of statistically insignificnt events of concern, certain client wishes, and the need to establish 
confidence in the tool. To err on the conservative side, the system then will display an alert condition if 
either of these (the statistical limit or the non-statistical threshold) is violated, although it will be 
important at a later date-to address the question of statistical validity and impact on over or under 
repo"rting true events of statistical significance. 

Additionally, once the primary important statistical and SPC-related assumptions and concerns are better 
understood and documented over the next several months, a prioritized plan will be established to 
investigate these topics, address any issues which result from th.is research, and incorporate improved 
methods into the ETS tool on an ongoing basis. This effort is expected to involve periodic ongoing 
support spanning several years and to involve both shorter-term exploration and implementation of 
currently existent methods and more longer-term research-oriented work on several new issues which 
have arisen as a result of this project. 
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Finally, other potential technologies are being considered which might expand the· capabilities to provide 
meaningful management information and to discover data anomalies. These might include the use of 
multivariate statistical methods ( especially in the SPC context), neural networks, fuzzy and other AI 
approaches, especially for the purpose of so-called "data mining" and given the multidimensionality of 
data, the development of performance indices via both time-static and longitudinal stochastic frontier 
estimation and data envelopment analysis methods, and others . 
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The fact that product-life-cycles are getting shorter is well documented (Davis, 1993; Kortege, 1993; 
Millson et al, 1992; Monoky, 1992). This shortening of product-life-cycles is prevalent across industries, 
markets and technologies. The market forces that have made shorter product-life-cycles more profitable 
have also been investigated in detail (Prabhaker & Goldhar, 1995). As product-life-cycles get inexorably 
shortened, the fundamental dynamics of business processes and strategies are being simultaneously 
rewritten. To achieve sustained success a firm must constantly monitor, evaluate and modify its strategies. 
To continue to reach its corporate goals, that firm also needs to monitor, evaluate and redesign its business 
processe~. Effective formulation of new business strategies and redesign of business processes are both 
predicated on timely and accurate measurement of the appropriate business metrics. Thus, for sustained 
success, a business organization needs to have in place a set of metrics appropriate for a particular 
competitive and customer environment. 

BUSINESS METRICS 

Business metrics and performance measures serve as "dashboard gauges" (Rubin, 1991) in guiding the 
strategic direction of a firm. The dashboard consists of appropriate gauges (metrics) indicating the current 
performance, baselines, directional trends and targets. These gauges indicate where a business is headed if 
the current strategies were to continue unchanged Any change in the environment in which the firm is 
competing in will affect the perfonnance of the firm. This lowered perfonnance of the firm should then be 
_captured, as measurements, by the gauges (metrics), as long as the proper metrics are being deployed. 

These measures would then be the pivotal spark leading to changes in the firm's business strategies. Timely 
and appropriate steering of a firm's business strategies is a key matter for any firm in sustaining business 
success. Such tight management of an organization's strategies, however, is possible only by the 
knowledge and measurement of the appropriate metrics. 

The employees within a firm are the · ones who ultimately implement the business strategies. Proper 
individual perfornyµice measurements help to define and promote desired behavior, activities and attitudes 
within an organization (McChesney, 1996). The "right" behavior must be consistent with and in support of 
the strategies an organization has adopted to move it towards its preferred future. According to McChesney 
( 1996), people do what is inspected and not what is expected. 
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TYPOLOGY OF BUSINESS METRICS 

Different metrics serve different purposes. In general, there are business metrics for accountability purppses 
and other business metrics for organizational improvement purposes Orwin, 1997). Some measures are 
used for the efficient strategic steering of a firm. Other measures are used for communicating the proper 
worth of a business to all interested parties. 

Different metrics serve the interests of different stakeholders. Some business metrics are used as the basis 
for an· organizational tune-up. Such metrics could be used for quality improvement or business process 
reengineering. In such cases, the stakeholders are _generally internal to the firm. There are other business 
metrics, the accountability measures, that are used by shareholders, customers, vendors or creditors in 
evaluating the general quality of a provider or in estimating the future growth of a firm. 

PLC-BASED. BUSINESS METRICS 

Product-life-cycles are not only becoming shorter (Gaurud, etc al, 1995), but they also are increasingly 
skewed to the left (McGrath, 1997). Any change in a product-life-cycle, length or shape, calls for a 
corresponding adjustment in business strategies. If such PLC-based adjustments in strategies are not 
forthcoming, then the firm is in serious jeopardy of failing to sustain its business success. The big question 
is . what those strategic adjustments should be. This is where business metrics play a critical role. An 
organization that is reading the contextually appropriate metrics will be in a sound position to make the 
right strategic modifications, thereby sustaining business success. 

For instance, as product-life-cycles become more left:.leaning, time-to-marlcet becomes a more critical 
business metric (McGrath, 1997). Therefore modified strategies that lead to a lowering of the time-to
market metric will payoff significantly for left leaning product-life-cycles. The key here is that only firms 
that deliberately monitor the time-to-market metric can leverage changes in their product-life-cycles. Other, 
less observant, firms may continue to place sole emphasis on more. traditional metrics such as 
manufacturing costs, sales revenues, marlcet shares, etc., leading to misdirected strategies. 

According to Dellecave (1995), electronics manufacturers face product-life-cycles that are so short that the 
· customer's requirements may have changed by the time a component moves out of a design process! He 

suggests · that those manufacturers that continue to be successful have changed their strategies and are 
turning to distributed computing to provide the efficiency and flexibility needed to meet customer needs in 
the face of shrinking product-life-cycles. 

Similarly, Griffin ( 1997) suggests that companies are focussing more on shortening product development 
cycle-times in order to effectively deal with compressed product-life-cycles. Product development cycle-
times are the metric suggested in this study. , · 

The link between business strategies and organizational goals is ever-changing. Constant, close monitoring 
_of this link, via the use of appropriate business metrics, is essential for sustained business success. 

Shrinking product-life-cycles have turned the spotlight more glaringly on the cost metric. Electronics 
companies have adapted to this shift by outsourcing key portions of their business functions (Levin, 1996). 
Using the proper metric, in this case, has resulted in a definite strategic modification, the sudden rise of 
outsourcing as a key strategy. 

In a marketplace characterized by brand proliferation, condensed development cycle times and product-life
cycles, globalization and media fragmentation, building brand loyalty is more important than ever but it is 
getting tougher to achieve (Munger, 1996). The fact is, these market characteristics are fueled by powerful 
business trends such as the growing assertiveness of consumers, increasingly fierce competition and 
advances in manufacturing technologies (Kotha, 1996; La Bahn, 1996;). Strategies - suitably modified so 
that they lead to an increase in the brand proliferation metric or to a lowering of the development cycle time 
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metric are the ways to build brand loyalty in this newer marketplace. Others (Hughes, et al, 1996) suggest 
that in the contemporary marketplace competitors come and go, technological changes occur in an ever 
increasing rate, customer wants and needs are constantly shifting and a product's life-cycle may be shorter 
than its development time. In order to remain viable in this fast paced environment it is crucial that firms 
introduce new products frequently (Raman, et al, 1995). In this situation the proportion of a firm 's revenue 
from new products is considered an important metric. 

In the beverage industry brand proliferation and shorter life cycles are typical (McSparran, 1995). Hence, a 
smaller metric to the above would be functional. According to Taylor et al (1996), banks are competing in a 
faster-changing environment where product-life-cycles are as short as 18-24 months and shrinking. Again, 
an appropriate metric will be like the one above. Firms in the electronic industry manage their supply chain 
in a manner that quickly pushes products out into a fast-time-to-market environment (faninecz, 1995). For 

electronics manufacturers faced with a shorter product-life-cycles, the performance of the new product 
development function can detennine the firm's success. Loch et al ( 1996) postulate that overall 
development productivity, measured by development expense intensity is the clearest predictor of business 
success. The latter is a timely PLC-based business metric. 

It is well known that product marketing strategies vary depending on the stage of the life-cycle the product 
is in. Moore (1997) extends this concept and suggests that at every stage of a technology-life-cycle there 
are key metrics that need to be leveraged and key antimetrics that should be de-emphasized in forming 
strategies. This concept can be adapted to the product-life-cycle, as discussed below. 

In the introductory stage of the product-life-cycle, the preferred marketing strategy is to seed the market by 
targeting the "innovator'' and "opinion leader" type customers. The marketing mix strategies are aggressive 
and driven by key metrics, which are market acceptance of the product and customer satisfaction. The key 
antimetric here, the one that could lead to a premature market failure, is product profits. In the growth stage 
of the product-life-cycle, the preferred marketing strategy is to focus on market penetration, with the goal 
of quickly establishing a dominating presence in a niche. The key antimetrics in this case are segment-share 
and time-to-segment-dominance. The antimetric to be actively avoided in this stage is total revenue. The 
third stage in a product-life-cycle is the maturity stage. The strategic focus here is on standardization and 
securing mass-segment customers. The metric driving the strategies is overall market-share and cost
minimization while the key antimetric to be suppressed is customer satisfaction. The decline stage is 
considered the final one in a product-life-cycle. Marketing strategies that are usually advocated at this 
phase are segment-of-one marketing mass-customization The metric driving these strategies is profits and 
the antimetric to be wary of here is design changes. 

CONCLUSION 

The theme of this article is to highlight the importance of using timely and current business metrics. 
Changes in product-life-cycles and different stages within a product-life-cycle call for changes in the 
business metrics used. Poorly conceived or inappropriate metrics result in an organizational insensitivity to 
changes in firm performance. As Lewis ( 1996) puts it, regarding business metrics, "use it well and 
performance will improve. Use it poorly and only the measure will improve". The gauges may show higher 
customer satisfaction, but the profits may not have increased. 

A firm can only manage what it measures. But, by the same token, that firm should also measure only what 
it wants to manage (Brancato, 1997). A business organization that continually monitors and effectively 
manages the use of proper business metrics would have discovered a fundamentally unique source of 
competitive advantage. 
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This paper reports on the design and implementation of tools for computer supported co-operative work 
(CSCW) within distributed virtual environments (DVEs). The current implementation allows the user to 
interact with remote participants using public buJletins, private e-mail, real-time chat sessions, shared 
viewpoints, and annotations posted within the DVE. Data moves between application computers using 
experimental Distributed Interactive Simulation (DIS) protocol data units and non-DIS data streams. We 
describe the means for display of information sent by other users, a means for dispatching information to users, 
and our development of experimental DIS protocol data units. 

INTRODUCTION 
When people work in the real world, they collaborate. However, within current distributed virtual environment 
applications each participant operates in isolation and can not exchange information with other participants 
without using supplementary means. This mode of operation might be satisfactory for gaming environments 
and entertainment, but it is clearly unsuitable for vinual environment applications where real-world activity is 
practiced, training occurs, or where people are evaluated. In domains as diverse as medicine, .air traffic control. 
military operations; and production management, the user requires tools that replicate the real-world mode and 
means of communication with other participants. The twin objectives of the work reported, were to develop 
protocol ·data units to transmit data between Synthetic Battlebridges and to design and implement tools within 
the Synthetic Battlebridge (SBB) that can use this data to provide typical CSCW tools foruse by the immersed 
user within the SBB. These collaborative tools must mirror the communication capabilities in the real-world 
and simultaneously conserve dis~ributed virtual environment bandwidth. 

The SBB project hosted our work on developing tools for analysis and collaboration[l , 2, 3 ,4]. The SBB is a 
. distributed virtual _environment[S] application that allows its user to monitor, assess. and analyse the-activities 
within a virtual battlespace. The SBB's immersive user-interface, the Pod, provides controls for the user' s 
'view of the world, supports display of information about the entities within the virtual environment, and 
provides a frameworkto extend application functionality. Previously developed capabilities help the individual 

. SBB user to locate important activity using a variety of tools. These tools are remote cameras [ a viewpoint 
placed at a remote location that allows the user to monitor a portion of the environment], video missiles [a 
moving viewpoint within the environment that can follow one of several pre-programmed paths], and radar 
displays [ a plan-view display that shows the location of entities relative to the SB B's location] as described 
further in Rohrer[ 4]. As effective as these tools are. they do not enable co-operative work. We extended the 
functionality ofthe SBB by integrating tools for Computer Supported Co-operative Work (CSCW). 

Our current CSCW implementation allows the user to interact with participants in other SBBs using public 
bulletins, private · e-mail. real-time chat sessions, shared viewpoints, and public annotations (notes)° posted 
within the virtual environment. Communication between application host computers uses experimental 
protocol data units that are compliant with IEEE 1278-1993 and non-DIS data streams. 

This paper presents firstly, a brief review of background information that suppons our work: secondly, the 
requirements and design for the CSCW enhanced SBB. Forthly, our implementation of the CSCW capabilities 
are summarised. The conclusion details 01:1r results2iiii · suggestions for future work. 



BACKGROUND 
A distributed virtual environment is a large-scale, networked, computer-based, virtual world wherein several 
thousand human and computer controlled entities can interact(S]. Entities move within the virtual environment 
using aerodynamics, celestial mechanics, vehicle dynamics, and soil mechanics models to compute their 
motion. The environment requires modes of the terrain and other features such as roads, forests, rivers, bridges 
and buildings. 

The design and implementation of collaborative and co-operative work capabilities for a person within a 
distributed virtual environment must consider the types of work to be accomplished. For example, a user may 
be exploring the DVE looking for an interesting or important activity. The SBB can support exploration in 
isolation using a variety of tools, such as drop-cameras, video missiles or other remote monitoring devices. 
However, the significant drawback to these tools is that the user can not attend to all of them simultaneously. 
These tools are good for monitoring remote activity, but they are not able to adequately assist the user in 
locating important events. However, by introducing collaborative tools the user can then rely upon the 
judgment of other distributed virtual environment explorers to locate and identify significant events. The 
information can be obtained by exchanging text messages that describe an event and its location, opening a chat 
session that would allow multiple users to comment upon activity, or by exchanging video of the event fur 
analysis and commentary during the operation of the distributed virtual environment. Given these potential 
uses, the first design consideration is that users must be able to co-operate synchronously and asynchronously. 
For example, synchronous communication occurs when one organisation member communicates with another 
using phone or video-conferencing capabilities. Asynchronous communication occurs when exchanging papers, 
notes, or e-mail. A further consideration is that network bandwidth constrains the types of communication 
currently practical within a distributed virtual environment. Because of these considerations and bandwidth 
limitations, we decided to concentrate our efforts on the development of capabilities for synchronous distributed 
and non-video asynchronous distributed communication. 

Previous work in distributed CSCW has focused on presenting users with a virtual office-like environment. An 
example of this approach is the DIVE system[6]. DIVE supports text, audio, and video information exchanges 
and supports interaction by enabling information interchange between hosts with a variety of interface 
capabilities, such as only text, text and voice, and text and video capabilities. Because of the challenges 
involved, we limited our efforts to supporting systems with equivalent interface capabilities. 

The SB B's architecture used the Common Object Database (CODB) [7]. The SBB's user interface is based 
upon the Information Pod. The Pod is a user "'capsule" within the virtual world that supports immersed user 
operation of a system within a virtual environment. The Pod virtually encases the user with controls and with 
displays mounted upon 2D panels in 3D space, with each panel devoted to a specific set of tasks. The SBB' s 
Pod contains five large control panels in each of the forward-facing cardinal directions: centre, left, right, top, 
bottom. Tasks are assigned to panels and subpanels by factoring the tasks to be performed by the relationships 
between the tasks. The controls and displays change contents depending upon the user's focus of attention and 
the task being performed. 

SYSTEM DESIGN FOR COMPUTER SUPPORTED COOPERATIVE WORK 
Our first task was to enable communication between SBBs .. To enable SBB interaction, we designed a format 
forthe "Stealth Entity-State" protocol data unit, which contains the position, orientation and description of the 
sending SBB. We also designed a Comment PDU so that SBBs could broadcast text messages to other SBBs. 
The Comment PDU contains a 256 charactercomment string, an audience type specifier, the sender's id, and a 
receiver's id for sending private messages. Audience specifiers in the Comment POU identify each message as 
either a private e-mail, a chat message, or a public bulletin. Because annotations are a new form cf 
communication. we designed the Annotation Update PDU. Each Annotation Update POU includes the 
following: a unique annotation identifier, the sender's id, the annotation's co-ordinates, the annotation text 
message, and a B<>?lean state to indicate whether or not the annotation has been selected. 

The next design task was to determine the placement of the C SCW operational controls and to make the best 
use of the Pod's five panels without creating additional panels. The Centre panel (used for navigation) and the 
right panel (primarily used for displaying HeadsUp Displays, or HUDs) were the · best locations for the 
collaborative workspace displays •and controls. We decided to place the CSCW controls on the centre panel fur 
the sake of user convenience. To activate the CSCW capabilities we use a single button on the centre 
navigational panel to clear the console and enable acc~ss to three CSCW panels. These three panels control the 
C SCW capabilities for tools for e-mail. bulletins, chat, shared viewpoint. and annotations. 

Private e-mail is a text message directed from a sender to a specific recipient. The recipient must be able to 
display the message and identity of the sender to allow a reply to be formed if desired. Public bulletins are 
broadcasts sent to all users on the network. • Public bulletins have the same requirements as a private e-mail 
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system with the exception that the targeted audience includes all members on the network. Due to their 
commonalties, public bulletins and private e-mails are accessed through the same user interface capability. Chat 
is a restricted fonn of public bulletins and can exploit the facilities developed for public buHetins. 

The objective of the annotations facility was to allow a SBB user to asynchronously provide information about 
interesting events or o_bjects in the distributed virtual environment to other users by attaching notes or 
pinpointing interesting locations. The annotation interface design used _ the e-mail and chat interfaces and 
combined them to control annotations. To help locate annotations at a distance, screen-space labels are placed 
above them. Annotations can also be attached to any entity. 

™PLEMENTATION 
Our implementation for CSCW for the SBB required development of tools for the following capabilities: 
identifying other SBBs, Messages, Chat, Annotations, Shared Viewpoints, and animation controls. To insure 
that each SBBs state is properly maintained by the (?ther SBBs, each SBB broadcasts stealth entity state PDUs 
within 12 seconds of simulation start. Thereafter, if the SBB moves within the distributed virtual environment, 
the SB B's co-ordinates are broadcast to all of the other SBBs. 

We first implemented the text message. Two issues we addressed in our implementation of text messages were 
the organisation of the message structure and di~play of the messages. The nature of the SBB and _required 

-. communication led us to store the messages within a doubly-linked list. Message display was a more difficult 
problem than anticipated. The challenge was to find a way to display long 30 text strings in the smallest 
possible area in a manner so that they appear to be placed upon a panel on the Pod. This was solved by 
creating a pseudo-panel that appeared between the centre panel and the top panel. The type of message. the 
message number, and the sender's name form the message header. The message body appears below the header. 
Using the Message control panel as a guide, Chat development was a straightforward task. The Chat control 
panel provides all the desired capabilities described in the previous section. 

The Annotations implementation contains text and has state within the distributed virtual emironment. The 
SBB allows Annotations to be broadcast using the annotation control panel. The annotation control panel 
allows the user to dispatch preloaded messages like Message and Chat. The annotation is broadcast to all 
SBBs in the distributed virtual environment. Each annotation is represented in the virtual world with a pennant 
icon. Each pennant is colour-coded to a SBB player, so that an annotation's owner can be immediately 
determined. Viewing annotation messages involves selecting the annotation and then displaying its contents. 
Due to the limitations of screen space, only the most recent messages are shown when an annotation's contents 
are displayed. Because SBBs treat Annotations as permanent fixtures of the distributed virtual environment, the 
host SBB retains the status of each of its annotations and broadcasts it whenever an annotation is updated . 

. Annotation information is received via annotation updates, which contain a complete record of the annotation' s 
stat~. 

RESULTS AND FUTURE WORK 
The POU formats that we developed satisfied all of our needs for communication. The Stealth Entity State and 
Comment PDUs broadcast stealth entity state changes and messages between SBBs. The Comment POU is 
used for all text message traffic, including private e-ma~ public bulletins, and chat sessions. The Annotation 
Update POU is appropriate for annotations created by SBBs. 

As shown in Figure I, the Workspace Message panel allows private and public messages to be displaye~ 
saved, or dispatched with the touch ofa button. Figure 2 shows a message displayed within the SBB . 

Figure I The SBB's Workplace Message Status Panel 
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Figure 2 The SBB's Message Display Panel 

Figure 3 presents the SBB's chat window and demonstrates its capabilities. Annotations, shown in Figure 4, 
were successfully implemented and are the basis for a new class of distributed virtual environment objects. 

Figure 3 The SBB's Chat Window Showing a Conversation in Progress 

•• I • • · ~ .. -:; 

•-i~s;~*~~tt~:itfi0lill 
Figure 4 An Annonation Pennant Posted within the Distributed Virtual Environment 

We have many objectives forour continued research in the field ofCSCW for virtual environments. We plan to 
implement a virtual keyboard, support for real-time audio communicatio~ create a client/server mechanism for 
transmission of audio and video messages, and improve manipulation techniques for annotations. Additionally, 
implementation of the White Board POU and creation of the Annotation Data POU are necessary. The White 
Board PDU should replace the. Comment POU for basic message transfers and be integrated into the 
Annotations Update POU. The Annotation family of PD Us should be expanded to permit late arrivals to the 
DIS environment to be informed of all annotations within the battlespace. 

A few items of additional research and implementation are required to improve the CSCW capabilities in the 
SBB. Real-time audio is clearly needed. The tools we have, such as e-mail and bulletins, are sufficient fur 
many types of communication but they do not provide the capability for rapid exchange of information. In the 
virtual environments that we are supporting with this work simultaneous, multi-way verbal communication is 
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normally a key component of the infonnation exchange process. Therefore, we are in the initial stages <::f 

developing this capability. One tool that would assist users in co-operative work would be a whiteboard with 
drawing capability. This would allow users to brainstorm on-line and to communicate·with pictures, which is 
a capability that is needed in many of the applications we support with this work. A virtual meeting capability, 
as in DIVE, would also enhance the capabilities forCSCW in the SBB. As part of this capability, facilities 1or 
identifying meeting topics and participants is needed. Finally, the CSCW system should support archiving rf 
audio, video, chat and messages. This capability should be implemented so that latecomers to the distributed 
virtual environment can review previous activity and so that the record can be used for critique and review after 
the activity in the distributed virtual environment concludes. 
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New communications and knowledge sharing technology -have dramatically improved the process of 
acquiring, developing and disseminating knowledge within organisations. Knowledge Management 
(KM) is the primary focus for the knowledge-based organisation today. This paper focuses on the 
results of an empirical study carried out within the Northern Ireland Business Community. 

INTRODUCTION 
As we approach the millennium, management professionals and academics realise the importance of 
knowledge in business development as being crucial to future success. This paper presents the results 
of an empirical study carried out by the Ulster Business School in association with the Northern 
Ireland Quality Centre and RM Consulting, London. The empending results are an important step 
towards mapping this emergent field by surveying the perceptions of the most fundamental concepts 
and methodologies of Knowledge Management (KM) within Northern Ireland. 

KNOWLEDGE MANAGEMENT 
Knowledge Management is a brand new field emerging at the confluence of organisation theory, 
management strategy and management information systems. As Malhotra ( 1997) states, 

'Knowledge Management caters to the critical issues of organisation adaption, survival and 
competence in face of increasingly discontinuous change. Essentially, it embodies organisational 
processes that seek synergistic combination of data and information · processing capacity of 
information technologies, and the creative and innovative capacity of human beings' 

This new business paradigm highlights the transition of the economy from an era of competitive 
advantage based on information to one based on knowledge · creation. Under the classical 
management approach, knowledge has been seen as information and understanding acquired through 
programmed education, this is referred to as 'P' knowledge or 'programmed knowledge' . ~owever 
this scientific approach is largely being replaced by one which argues that knowledge is a much 
wider concept and is also acquired by experience, interchange with others and questioning insight 
(Burgoyne et al, 1994). While a programmed view of knowledge is neat in that it can be defined and 
readily planne~ the wider view makes systematic improvement more difficult. This has lead to the 
concept of Knowledge Management. The conceptualisation of Knowledge Management is an 
attempt to define the field in the widest sense so that organisations can at least create the 
environment for effective knowledge acquisition and use and develop a planning infrastructure. 

Knowledge Management is defined as: 'the process of critically managing knowledge to meet 
existing and emerging needs, to iqentify and exploit existing and acquired knowledge assets and to 
develop new opportunities' (Quintas et al, 1997). 
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A MODEL FOR KNOWLEDGE MANAGEMENT 
Although there are numerous models for KM in literature, one model is essentially universal in 
nature. Figure l presents this model of the knowledge creation process developed by Demarest 
(1997) from the original work ofClark and Staunton (1989) and Nonaka and Tageuchi (1995). This 
model represents the process of Knowledge Management as four key interconnected areas, namely 
knowledge construction, knowledge dissemination, knowledge embodiment and knowledge use.~ 

. Construction covers the process of discovering, conceptualising and structuring knowledge. 
Embodiment refers to the process of incorporating knowledge within areas of responsibility in the 
organisation. Dissemination refers to the human processes and technical infrastructure that make 
embodied knowledge available. Use refers to the primary purpose of the Knowledge Management 
system: increased business performance and customer satisfaction. The interconnecting vectors show 

. the inain flow of activity (solid arrows) and the circulating nature of the flow of activity (plain 
arrows). 

Knowledge 
Dissemination 

Knowledge 
Construction 

◄· -----------

Knowledge 
Embodiment 

Knowledge 
Use 

~--· 
Figure l KM Model 

BUSINESS IMPROVEMENT AND KNOWLEDGE MANAGEMENT 
The emergence of KM is intrinsically linked to the ongoing reshaping of organisations through the 
application of business improvement approaches. An understanding of these linkages· gives some 
clue as to the enormous ·potential for achieving enhanced business benefits by applying KM. 

An example is the development of the European Business Excellence Model and Self Assessment" 
process which has been applied in many organisations in Northern Ireland. This has led to increased 
organisational learning through assessment linked to management learning and improvement action . 
. The oppomurity here is tor organisations to link KM to self assessment and hence achieve real 
progress in dealing with areas for improvement. 

Despite the importance of highly efficient business processes, expertise within the organisation must 
be developed. Function heads have seen their role changing to one of developing core expertise in 
employees often.working is geographically removed business processes. This essentially was one· of 
the issues faced by McKinseys (Peters, 1992). KM can help to address this issue by, for example, 
helping to create learning networks and communities of practice (Lave and Wenger, 1991) within the 
organisation. 

Increased customer focus and supplier integration coupled with many organisations having an 
increasingly virtual structure have led to demands for improved communications, networking, 
knowledge sharing, etc. The challenge to KM is to develop a systematic approach to resolving these 
issues. 

A summary ofh_ow KM can make a significant contribution to organisation perfonnance, is: 

• increased utilisation of assets by viewing knowledge as a business asset 
• reframing of problems and issues leading to increased innovation and creativity 
• increased organisation flexibility and responsiveness 
• increased ability to compete in niche and customised markets by increased adaptability 
• ability to capture rationale - the context in which.decisions are taken, those involve~ etc. 
• development of learning networks and communities of practice 
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• increased ability to compete in times of market turbulence - no reliance on the status quo 
assumptions 

• transferring knowledge between organisations leading to more porous organisational boundaries 
• tracking and assimilating knowledge from within and without the organisation 

KNOWLEDGE MANAGEMENT WITHIN THE NORTHERN IRELAND BUSINESS 
COMMUNITY 
Knowledge Management continues to emerge as a key approach to business improvement and has 
enormous potential. It is vitally important that the Northern Ireland business community fully 
understands the concept and is able to capitalise on the potential business benefits. 

Before intervention activity can be developed and implemented it is necessary to assess the current 
state of Knowledge Management within Northern Ireland businesses. This paper presents the results 
and discussion from a Knowledge Management survey carried out by the Ulster Business School and 
the Northern Ireland Quality Centre. 

In general the results show that respondents consider KM to be an important emerging trend with the 
potential to improve organisations considerably. Despite this most organisations, although interested 
have few formal KM strategies in place. The majority of respondents feel KM will increase in 
importance in the future. The main barriers to implementation were considered to be lack of 
understanding of the potential benefits of KM and a lack of knowledge on how to commence a KM 
programme. 

METHODOLOGY 
Due to time constraints and the size of the task it was decided that a postal survey should be used. 
This raised the possibility of a low response rate as KM is a relatively new concept, however as the 
postal data base was the NIQC client list the chances of a reasonable return were considerably 
improved. 

The questionnaire was designed after a wide ranging consultation. Existing KM questionnaires were 
analysed and compared and contrasted to obtain the most relevant issues. These included the EFQM, 
APQC, Andersen Consulting, Business Intelligence and Royal Mail. 

The questionnaire was .designed in 6 sections which reflect key aspects of KM, namely: 

• Defining KM 
• Business Benefits and KM 
• Knowledge Capture 
• People Development and KM 
• Technology, Tools and Techniques 
• Future Trends 

In total there were 32 questions relating to KM. Organisation sector and size were also recorded as 
well as respondents willingness to participate in any further workshop discussions. In total 296 
questionnaires were distributed and 97 returned, this represented a very acceptable response rate of 
33%. . 

RESULTS 
The results, defined by section, are depicted in graphical format. A brief discussion on the overall 
findings, including the effects of size and sector, is also presented. 

Table 1 illustrates the definitions of KM. Clearly the respondents believed Knowiedge transfer, 
capture and dissemination were viewed as critical elements of KM, as opposed to tools and 
methodologies, intellectual capital and organisational memory. 
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Options Responses 
Knowledge transfer 75 
Knowledge capture and dissemination 69 
Organisational knowledge 66 
Core competencies and capabilities 61 
Organisational learning 54 
Information. Technology 48 
Tools and methodologies 43 
Intellectual capital 36 
Organisational memory 36 

Table 1 Defining KM 

Table 2 reflects KM as an emerging trend which is seen as having large potential. The responses 
state that KM is largely expected to have an impact on internal business benefits, with external 
benefits being in lag. 

Options Responses 
Improved quality 80 
Improved efficiency 78 
Reduced operating costs 68 
Improved management learning 65 
Improved products/services 64 
Cycle-time reduction 41 
New products/services 41 
Increased sales 35 
Time-to-markets improvement 32 
Other 15 

Table 2 Business Benefits and KM 

Relating to secti~n 3, Knowledge Capture, the results show that currently systematic knowledge · 
capture is primarily the domain of senior and middle management in most organisations. Even 
though most knowledge i~ systematically captured by management, evidence shows that knowledge 
resides at all levels within organisations. 

In response to the question of how organisations encourage/facilitate knowledge sharing within the 
People Development and KM section, table 3 states that organisations focus on the more traditional 
approaches to knowledge sharing rather than more innovative technology based approaches. 

Options Responses 
Workshops, forums, conferences and seminars 76 
Training needs analysis 70 
Discussion forums 56 
Face-to-face meetings for dialogue sharing 52 
Mentoring and coaching 50 
Lessons learnt from project groups 42 
Learning processes 31 
Multimedia presentations 19 
Convergent databases 12 
Creativity techniques 10 
Other 7 
Divergent databases 5 

Table 3 People Development and KM 
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It is worth noting that within the Technology, Tools and Techniques section, the majority of 
respondents view IT dissatisfactorily. However the number of reported networking and shared access 
systems sites the IT potential for KM. This is illustrated in table 4. 

Options Responses 
Networke_d systems 70 
Shared access to common systems 69 
Individual PCs 66 
Access to databases of information 57 
Other 3 

Table 4 Technology, Tools and Techniques 

The Future Trends for KM are promising. The majority of respondents believed that KM will 
become more important in the future (66%). KM provides a structure for better sharing of 
information and learning across employees. Potential barriers to KM implementation were viewed as 
a lack of understanding of the potential benefits followed by a lack of information on how to 
commence a KM initiative. This reflects the need for increased awareness and education in regard to 
KM for Northern Ireland organisations. Around 75% of respondents expressed a willingness to 
participate in KM workshops, reflecting the growing interest in this area. Table 5 summarises the 
factors which an organisation believe inhibit KM development. 

Options Responses 
Lack of understanding of potential benefits of KM 60 
Lack of information on how to commence a KM initiative 48 
Organisational culture 45 
Lack of time 39 
Project overload 39 
Lack of resources 32 
Lack of IT 27 
Lack of motivation 15 
Unwilling employees 14 

· Other 4 

Table 5 Future Trends 

CONCLUSIONS 
In summary, the data analysis outlined above enables the following conclusions to be drawn: 

• There was a wide ranging view on the definition and construction of knowledge and KM both 
from a people and technology point of view 

• There was a lot of interest in KM but few organisations had developed specific programmes 
• KM was seen as having the potential to help achieve a wide range of business benefits within the 

organisation 
• Knowledge capture is largely captured in an ad-hoc approach and there is considerable potential 

and business benefit for capturing knowledge at all levels in the organisation . 
• There is a· large opportunity for improving people development issues in regard to KM such as, 

facilitation of knowledge sharing, improved culture, increased creativity and dialogue 
• A lot of technology is available in the organisations but it is not used to its full potential in 

regard to KM, largely because of a lack of a KM strategy in organisations 
• KM is seen as an important growing area with the m_ain barriers to successful implementation 

being lack of awareness of the potential business benefits and lack of information on how to 
commence a KM initiative 

• Organisational size effects were more prominent where resources and infrastructure were 
involved, in that the smaller organisations suffered from a lack of these in regard to KM 

• Sector effects were largely reflected in the public sector's greater emphasis on professional 
groups and communities of practice and their resultant effect on KM 
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In light of this empirical study, the following are recommendations to the Northern Ireland Business 
Community regarding developments in Knowledge Management: 

• awareness of the potential of Knowledge Management should be increased as soon as possible 
• Knowledge Management should be seen as an integral part of, and a development of, the existing 

business improvement initiatives within Northern Ireland_ .. 
• there is a sufficient quorum of organisations sufficiently involved in Knowledge Management to 

encourage peer learning and mentoring 
• the above points could be explored and developed further in a series of 

workshops/roadshows/discussions involving the large number of organisations who requested 
-further help and involvement ( 75% of those who responded indicated their willingness to 
participate in such a workshop). 

Creating a knowledge-based enterprise requires a sustained effort over several years, perhaps even a 
decade or more. Leading practitioners of KM describe their activities as a journey - a journey of 
continuous learning and discovery. Our journey has been mapped. · 
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INCENTIVE SYSTEMS - TOOLS FOR IMPROVING R&D PERFORMANCE? 
Petri Huotari 

Department of Industrial Management, Helsinki University of Technology, P.O.Box 
1000, FIN-02015 HUT 

ABSTRACT 
This paper shows that employee involvement in the incentive system design is extremely 

important increasing motivation and commitment towards the system Also some other 
conclusions are made of the factors evident in managing the R&D work. This paper deals with 
a project in a R&D department where over one hundred product developers working designed 
themselves an incentive system. First, we describe the design process and lessons learnt from 
it, then we describe the incentive system itself and some experiences from its piloting phase. 
Our research approach is based on constructive action research. The data was collected by 
enterprise documents, observations, interviews, and questionnaires. 

INTRODUCTION 
R&D as today is a microcosm of business itself. The value created by R&D is delivered 

through the outputs of the R&D process - products, processes, capabilities, and options. 
Furthermore the process itself contains elements - like knowledge or competencies - which are 
asset value type elements creating value to different stakeholders. Improving performance is 
acquiring knowledge and doing something differently by using the resources available as 
effectively as possible. The performance of R&D is thus heavily dependent on the individuals, 
their ability to push themselves to the limits, take risks, and show little fear of failure, whereas 
the "people management" - leadership, organization, motivation, teamwork - provides 
promising opportunities to increase performance. This potential we tried to capitalize with an 
incentive system to the R&D employees. The description [1] of the R&D process, in which 
the context of the study is captured, is presen_ted in Figure 1. 
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Figure 1. R&D Process Description. 
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Of these core processes, resource management has its impact on the efficiency of the R&D 
process but the verification of its significance is difficult. As every activity is a potential 

· source of learning, optimizing performance is using the resources available as effectively as 
possible, and continuously developing the capabilities and motivation. 

The perfonnance of R&D is a result of both the short and the long term activities:· The 
short-tenn pressures and long term investment cause a range of dilemmas, which are not easy 
to balance. It is quite evident, that the result of performance evaluation reflects the emphasis 
of the corporation at the valuation point; and the ability t9 capitalize assets and value created 
is a major evaluation criteria for a corporation and its R&D. 

To identify factors of R&D perfonnance it is worthwhile to utilize the division R&D 
· management because that is covering different key elements in creating R&D performance. 
The R&D management can be categorized in: 

• str~tegic management - allocating resources, doing the right R&D 
• operational management - execution nf projects, doing the R&D right 
• people management - leadership, organization, motivation, teamwork 

All these areas must be managed, and all these areas provide opportunities for improvement. 

MANAGERIAL MOTIVATIONS FOR THE EXPERI1\1ENT 
in practice, performance should be examined from both an efficiency (output) and 

effectiveness (outcome) point of view. Therefore, productive R&D requires capable and 
motivated people doing the right things right. Doing the right things requires understanding of 
which R&D activities have the greatest potential to create value for the organization, as well 
as understanding of the time, cost, and difficulty of achieving them. This understanding 
generates sound priorities supporting a productive allocation of resources across businesses, 
technologies, projects, and programs. 

Doing the R&D right means clarifying the project definition and goals, understanding 
customer needs, identifying the sources of value, and organizing tasks to work on the ·most 
valuable . project attributes to tackle the technical challenges in the most timely and cost
effective way. This requires sound allocation of resources and personnel reflecting different 
priorities of various tasks within R&D projects. 

The last, and perhaps the most demanding one, is the people management, or knowledge 
management, in R&D. Due to nature of modem R&D, where a consequence of product 
development project .is to introduce a change, the perfonnance of R&D is heavily dependent 
on the individuals. Although knowledge workers are motivated by the work itself, there is iot 
of potential for improvement this management area [2]. 

The incentive system for R&D must be designed to support the management challenge of 
the human aspect in R&D work. Jonash [3], captures in his model of technology management 
all the relevant ~lements of modem R&D creating a linkage between strategic management of 
R&D, operational management of R&D, and people's management in R&D with supportive 
organizational arrangement. The building blocks of the model being resources and 
organisation - the parts mostly influenced by an incentive system. 

PROBLEM, DAT A, METHODS, AND PROCESS 
The ideas presented are based on the experiences gathered during the development and 

piloting of an incentive system for a R&D unit. Our aim was to study how it is possible to 
design an incentive system that motivates and commits employees in R&D. The system was 
developed during the winter 1995-1996 with ·the help of an outside researcher. After the 
management had set the boundaries for the project and the incentive system, a development 
group of_ 24 voluntary persons covering all taftttions of the R&D center was formed. 



Our methodological approach is based on constructive action research; we collect data and 
use it to support development efforts while simultaneously studying their functions and 
outcomes. The data was collected by enterprise documents, observations, interviews, and 
questionnaires. 

Participative development paradigm was chosen due to the complex nature of the task. The 
group was divided into three subgroups and a coordinating group. After the starting meeting, 
all groups met 4-6 times, each meeting lasting 1-2 hours. To start with, a vision was created in 
the first common meeting. Step by step answers were sought to the following questions: 

1. What challenges will our product development face in the future? 
2. What kind of competencies and skills are needed? 
3. How to measure individual/team performance (in a development project)? 
4. How to measure the development of competencies? 
5. How can people get rewarded? 
6. How to reach the feeling of justice when rewarding people? 

To proceed with the group work, money as a reward had to be forgotten. The discussions from 
that on centered purely on the product development_ process and how to measure it. The most 
effort was put in the definition of the metrics, naturally reflecting the product development 
process of the company described in the Figure 2. 
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Figure 2. Concurrent engineering model of the case company 

This process model is an instance of the concurrent PD process where the rows represent 
the sub-processes that are run concurrently to keep the _duration of the project short. It also 
emphasizes the importance of involving all parts of organizations. The columns represent the 
significant phases of the project,. Each of these phases have criteria defining the completeness 
of that phase, a milestone, describing .the essential actions needed to be perfonned in order to 
continue the project. 
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For the incentive system it was necessary to create more detailed checklists to confirm the 
milestone achievement, thus resulting some interesting lessons learned such as: 
1. The recognition of insufficient definitions in the product development process. 
2. Grown attention t~ interfaces to functions beyond R&D center. 
3. Understanding of the difficulties in rewarding product development work. 

Of course the same learning might have been achieved in many ways, but which alternative 
approach would have tempted to so intensive participation? And would have motivated people 

. · to look deep in their own work and the way they are doing it? An incentive system is a way to 
examine work and processes, and to support the development those on mutually ~greed basis . 

. The Incentive System 
The incentive system was designed to be applied with the existing product development 

process. As the duration of a PD project is quite long, easily over 12 months, it was natural to 
split the ·evaluation intervals to correspond to the six milestones of the process model. The 
·motivation for that being.the desire to enforce and make visible a good 'performance' already 
in the early steps of the project. This approach also provides some means to give feed back of 
'poor performance' compared to pre-set targets and to seek improvement actions during the 
project. A performance matrix and a checklist is tied to each milestone as shown in Figure 3. 

PD PROJECT 

~ ~ ~ ~ ~ ~ 
Performance Performance Performance Performance Performance Performance 
Goal Matrix Goal Matrix Goal Matrix Goal Matrix Goal Matrix Goal Matrix 

for Kl forK2 forK3 for K4 for K5 for K6 

CHECKLIST FOR EACH MILESTONE TO HELP CHECKING TIIE MILESTONE ACHIEVEMENT 

PARTNER QUESTIONNAIRE TO INDICATE THE QUALITY OF CO-OPERATION 

METRICS TO INDICATE TIIE INPUTS AND OUTPUTS 

Grade for Kl Grade for K2 Grade for K3 Grade for K4 Grade for K5 Grade for K6 

· performance • perfonnanc~ performance performance performance petformance 

Raise in K5 Raise in K6 Team bonus Team bonus Team bonus Team bonus 
gross bonus. gross bonus, max 17% of max20%of max 25% of max 25% of 
max5 %of max 8 % of total gross · total gross total gross total gross 
total gross total gross bonus bonus bonus+ Kl bonus+ K2 

bonus bonus raise raise 

Figure 3. The incentive systems integrated to product development process. 
Each matrix give a grade for the milestone concerned. The two first grades add up the total 

bonus sum of the last two milestones. The team bonus is the project-bound total gross bonus 
multiplied with the grade and share defined for that milestone. Timetable is included in all the 
matrixes. Partner questionnaire results indicating the quality of co-operation are included in 
matrixes 2 to 5. The project inputs and outputs are reviewed in all matrixes 3 to 6. Different 
types of metrics can be handled simultaneously in the matrix and weighted due to their 
relative importance. 
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Experiences from the piloting phase 
Two projects were chosen to test the new incentive system. The piloting was organized 

separately from the development. No support group was formed by the organization and some 
of the rules for the piloting could not be defined. The . piloting was started the motivation to 
clarify the two big uncertainties shadowing the usability of the incentive system: 

• What is the procedure to set the target values for performance parameters and how 
those comply with the objectives set by the management. 

• How does the team react to the use of incentive system. Is it perceived as a thread by 
workers. 

Definition of the piloting parameters was then up to the projects. No bonus was tied, but 
the performance matrixes were filled. It proved that the full checking of the milestone 

· achievement by the new checklists was considered too heavy for the project dynamics. The 
four-person project did not want to bother their partners abroad with the partner questionnaire, 
because they thought it would take too long time to explain them what it was all about. 

· The four-person project met three times in order to define the performance matrixes. The 
discussions revealed among the persons different attitudes and thoughts about how the work 
in the project should be done. Clarifying the objectives made the group understand the nature 
of their task more clearly. Surprisingly, the discussions provided the group with more 
understanding of the product development process. 

DISCUSSION AND CONCLUSIONS 
The results show that it is possible to build a detailed structure for an R&D incentive 

system. The end result was not, however, a new invention. A study [4] comparing R&D units 
in three companies showed that they had similar incentive systems . consisting of three 
elements: (1) projects are described as processes and divided into phases ending at 'gates' 
('milestones', 'stages'), (2) performance criteria are set to measure each gate's achievement, the 
factors affecting performance and their weight values are shown as a project performance 
matrix, and (3) a calculation mechanism for the bonus itself defined how many per cent of the 
bonus are paid for each gate's achievement. So, we can paradoxically conclude that the end 
result is not important to commit employees to the system, but the process of design is. 
Employee involvement in the incentive system design is extremely important. It raises 
~otivation and commitment which are, however, easily ruined if the planned system is not 
working properly. 

As there were 24 persons participating to the development of the incentive system~ there 
were a lot of expectations and a variety of the requirements resulting to a number of 
compromises and shortcuts not supporting the objectives of the development team. Korine [5] 
argues that procedural fairness [6] in decision-making, in our case in deciding the content of 
an incentive system, gains increasing relevance to the management of innovativ~ teams and 
increases motivation and comprehension. When individuals and teams can no more be 
controlled but must be persuaded, procedural fairness in decision-making helps to build a 
sense of ownership and collective responsibility on the part of individuals in teams. Extensive 
evidence [5] verify that procedurally fair decision process is associated with increased 
commitment to decisions made and a willingness to go beyond the call of duty. In the 
management of innovative teams, procedural fairness concerns arise at two levels, within the 
team and between management and teams. When · speaking about incentive systems in 
organizations, this means, for ~xample, how bonus pay system has been built and how the 
rules to distribute the results among team members have been agreed. 

It seems . that there is a place for both intrinsic and extrinsic rewards in R&D work. In a 
study [7] reporting on the frequency of usci2R reward systems in 111 small companies, the 



number one reward was 'increased recognition', for example dinners, tickets and mementos for 
patents, and other non-monetary awards. The 'fixed bonuses for milestones' was rated only as 
the eighth for teams and as the fourteenth for individuals. 

A problem is that there may no be common rewards for the common goal achievement 
combining organization, group and individual levels together. Or, the rewards can be .. fixed 
only to the most uncritical and otherwise unmotivating factors. There may also be deficiencies 
in the distribution of results compared to individual contributions in a project. This may result 
feelings of unfairness among design engineers, as the criteria of procedural justice is not met. 
In our research case that was finally the biggest obstacle for implementation roll-.out. 
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TQM AND THE BOTTOM LINE : BRUNEI PERSPECTIVE 

DrC.T.Yong 
Universiti Brunei Darussalam 

Negara Brunei Darussalam 

The main aim of the paper1 is to examine the follow-up perfonnances of some of the ISO9000 newly certified Small 
and Medium Enterprises (SMEs) in Brunei Darussalam. The corporate culture and tradition in Brunei Darussalam 
which pose another challenge and opportunity for these growing enterprises are outlined together with the recent 
trade agreements in the region such as the ASEAN Free Trade Area (AFTA), and the· East Asia Growth Area 
(BIMP-EAGA). Although the general view of the findings can be summarised as 'improvement', the bottom line 
agenda of sustainable profitability remains vague if not disillusioned. All the twenty complied quality elements have 
not been successful in acquiring a competitive edge ( organisational advantage), getting close to their customers, and 
reaching out to the community. The ballooning costs of maintaining the TQM (including the recent peer pressure of 
securing ISO 14000 Environmental Management System and the potential issue of Health and Safety) are among the 
burdens shouldered by these enterprises. Perhaps the most serious fallacy can be traced to the superficial adoption of 
the implementation of a Quality Management System as practised by multi-national corporations (MNCs) without 
recognising the colossal change needed from within and with others to excel. Staff training is perceived to shift its 
emphasis on the older staff members instead of the new recruits. While the fundamental features such as staff 
morale, communications, innovation and creativity are crucial to a good organisation, they remain unnoticed and 
unresolved. Customers' complaints are directed towards weaknesses in performance and blaming-someone. The 
budget for Research and Development is often taken away the Environmental, Health, Safety and Quality (HSEQ) 
managers. A new concept of community based business practice (CBBP) which is uniquely required to. make the 
necessary adjustments is discussed in the paper. CBBP focuses on achieving a niche in their corporate practice 
instead of merely seen to temporarily secure-and-maintain a license/certification to enter a new market. !SO9000 
and 1SO14000 are collectively utilised to develop quality services (products) at lower costs and meeting customers' 
demands, government requirements and community's support. Cost reduction is achieved at almost every level of 
the operations (suppliers' goods. banks' interest rates, lost~time injuries). Higher productivity is tied to a caring, 
flexible and innovative st~ff force while good interactions with customers and local community are integral 
components of their understanding business cultures. 

INTRODUCTION 

Nearly all the commercial and industrial organisations in Brunei Darussalam belong to the Small and Medium 
Enterprises (SMEs) category. The notable exceptions are the various international banks and Brunei Shell Petroleum 
Company Ltd. \:Vith their vast resources, experience, and some successful systems employed elsewhere, they are 
probably the leading players in demonstrating the integration of various management systems in their operations. 
Consequently, they play a great role in influencing and shaping the management practices of most of the national 
SMEs (as the sub-contractors or clients). 

The main focus of this paper is to feature these uniquely developed SMEs and their perfonnances together with the 
· likely organisational· changes. Although it can be demonstrated that such performances are not far away from those 
of the Multinational Corporations (MNCs), such discussions are beyond the scope of the paper. One of the most 
significant restructuring is the community based business practice (CBBP) which is sensitive to the organisation's 
resources and environment. It i_s often argued that the twenty elements of the existing ISO 9001: Quality 
Management System do not adequately address the enhancement and optimisation of human resources, services and 

1 The author wishes to acknowledge the generous assistance provided by the Universiti Brunei Darussalam in 
making possible the preparation of this research and the attendance at this conference. 
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assets. Only staff training and personnel allocation are explicitly defined in the .ISO 9001. While there are many 
crucial management theories and operational features promoted by world renowned business gurus, the existing 
system hold fast to the twenty elements that can be easily audited. The quality perfonnance of the organisation is 
thus detennined by its certification. 

The perfonnance of an organisation 's quality, environmental and other management systems is increasingly difficult 
to define and assess. It is unlikely that an international standard would soon be developed to tackle such a complex 
task. There are many parameters, values and perceptions tied to the effectiveness of this integrated or total quality 
management system. From the customer's perspective, the quality of goods and services is mainly subjective. The 
quasi- quantifiable features such as the cost, durability, reliability, and efficiency are also very much relative to the 
existing market conditions. 

Different types of auditors (Financial, Quality, Environmental, Health and Safety) will first and most importantly 
seek to detennine any non-compliance or non-conformance of the organisation's policies, plans, procedures and 
activities with .respect to their specific fields. Proclaiming expertise beyond one's primary function is professionally 
una~ceptable and inevitably inviting disputes. A collection of various different audits' acceptance/certification (such 
as the financial auditing, the ISO 900 l: Quality Management System, the ISO 1400 I: Environmental Management 
System and the Occupational Health and Safety auditing) does not indicate that the organisation is perfonning well 
and equipped to meet the existing and future challenges. 

MAJOR CHALLENGES 

This section examines some of the major external and internal challenges that will significantly affect most 
organisations. The respective drawbacks or weaknesses of the two international standards namely the ISO 9001 and 
the ISO 1400 I are discussed together with some solutions/ directions for an organisation to stay competitive. 

Paradoxically. the bottom line issue of achieving a sustainable profitability is often the least discussed in most of the 
texts or references related to quality and environmental management systems. Perhaps, it is high time that these 
organisations began to question and explore the benefits of having successfully being certified with the ISO 9000 
and ISO 14000 series. 

Globalisation 

The dynamism of regionalisation/ globalisation process will increase more competitions from both the national and 
international players. The most visible impact will be generated from the recent trade agreements in the region such 
as the ASEAN Free Trade Area (AFTA), the East Asia Growth Area (BIMP-EAGA) and the Asia Pacific Economic 
Cooperation (APEC). One of the common primary objectives of these agreements is to reduce barriers to trade in 
goods and services. and hence encouraging the greater flow of goods, services, capital and technology among the 
member countriesistates. -

Many of these SMEs will soon be competing with the cross-border MNCs alliances (Kanter, 1989). The concept of 
the globalisation and cross-boundary management (Bartlett & Ghoshal, 1992; Yip, 1995) is currently being heavily 

' investigated and explored. Its root lies in the understanding · and development of effective cross-cultural 
management techniques by fostering partnerships and inter-organisational ties. While the MNCs are planning their 
globalisation strategies. many · of the SMEs should re-engineer their management processes to capitalise on the 
potential alliance or ·collaborative' arrangement. This may be achieved by focusing on their ' niches 
(products/services), excellent associations/links with the public sector as well as local customers, and familiarised 
changes/trends in other environmental forces . Unfortunately, none of these critical preparatory activities is 
addressed in the ISO 900 I or ISO 1400 I. 

E11viro11me111a/ Uuc:eftllinty 

Until the very t·ecent financial disis and haze that spread across most parts of the Asian countries, many national 
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and regional organisations have been relatively complacent and reluctant to take adequate measures against 
changes/ worst scenario. The blooming economies of all the ASEAN members with annual GNP averaging more 
than 5% annually over the last 5 years coupled with the abundance of resources have added more confidence to the 
organisations' decision makers. It was then unusual even for a financial auditor to comment on the vulnerability of 
the organisation's operations. 

In the pursuit of excellence, most organisations did not go beyond the superficial adoption of a quality management 
system. The system built around the improvement of services and products. Many of the classical financial analysis 
tools (Johnson & Scholes, 1997) such as the PEST analysis, scenario planning, strategic group analysis and Porter's 
diamond were hardly deployed in such prosperous conditions. Developing the research and development (R&D) 
capability to explore the organisation's opportunities and constraints would incur extra cost without contributing to 
compliance with the twenty quality elements. The Statistical Techniques (ISO 900 l Clause 4.20) could be satisfied 
by the publication of a set of records. The Emergency Preparedness and Response (ISO 14001 Clause 4.4.7) relates 
only to accidents or emergency situations that are associated with the physical operations. 

Advance in Science mu/ Tec/z110/ogy 

Careful adoption and creative modification of technology has always been the modus operandi of all successful 
SMEs. Coupled with low operating costs and a specialised/ concerted team of personnel, the technology can then be 
easily refined to suit its familiarised environment/customers and internal requirements. The fonner stresses the 
needs to constantly enhance its competitive advantages by developing an innovative, creative, and flexible 
workforce. This is often hampered by strict confonnance to the well thought-of documented operating procedures as 
specifically required by the ISO 9000 series. The latter refers mainly to the effective absorption/ use of lnfonnation 
Technology (IT). 

Unfortunately, both the ISO 900 l and ISO 1400 I do not give sufficient weight to the importance of developing and 
enhancing its capability to deal with cutting edge technology. These systems mere express the need to continual 
improve its quality and environmental perfonnances respectively. 

Change in Stakeholders' Requirements 

Most organisations pursueq the ISO 900 l and ISO 1400 I certificates in an attempt to satisfy their clients' 
requirements. A recent survey conducted in Singapore, Malaysia and Brunei Darussalam revealed the pessimistic 
uptake of the two international standards. More than 90% of the respondents perceived that their quality and 
environmental performances would only be fairly-improved (scale of I-worse, 2-fairly worse, 3-neutral, 4-fairly 
improved to 5-imroved) due solely to the successful certification. This demonstrated the intent of getting the 
certificates did not arise from the desire to sharpen their competitive advantages. 

It can be then be extrapolated that these organisations will only react to customers' requirements without proactively 
anticipating and satisfying potential clients' requirement. The process of developing and getting certification for 
these two imminent standards can be extremely costly if no significant improvements are harnessed from them. 
Soon, the enactment of Occupational Health and Safety standards and other legislation will again impose additional 
financial burden on these organisations. 

FROM ENTREPRE;NEURS TO INTERNATIONAL PLAYERS 

The evolution of the existing SMEs can be traced back to the efforts of some successful entrepreneurs in the 
country. Many of them probably have not even heard of management practice and not to say about quality 
management system. With limited_ re.sources and access to business information, it is incredible that one could sail 
smooth and far in such turbulent business environmental conditions at the time (after the Second World War ended). 
The journey might not be smooth. but certainly they have come this far to survive and flourish in the modern days. 

One might associate such success primarily with the coincidental fit or fortunate Uust lucky) endeavour. Accounting 
for the good fortune. there are still several interesting stories and worthy lessons. Some of these have impacted 
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positively to the management practices within some of the current SMEs. 

However, some SMEs envied the success stories of the MNCs and attempted to adopt their strategies. Gradually, 
these intuitive and resilient fathers gave in to their intellectual sons who often initiated the restructuring processes. 
Conflicts of opinions, regular debates and discussions among staff and customers, installation of nigh-tech 
equipment were increasingly common. While not underestimating the strengths and capabilities of the MNC 
management practices, the direct duplication of the systems by the SMEs often ended up in a more chaotic and 
. confused state than before. · 

Specifically the following points detail the incompatibility of the two styles of management systems taking into 
account that the MN Cs are parties· to the ISO 9000 standard. 
♦ Some of the main jargons used in a MNC are documentation and transparency. Most infonnation related to the 

SME's organisational business practice are deemed as classified and kept zealously by the entrepreneurs. 
Fearing of losing their competitive advantages, they often have difficulty in accepting the fact that such vital 
information (business activities, plans, and targets) should now become transparent. 

♦ Periodically, a MNC will establish its short and long tenned strategies and plans. The entrepreneur's 
organisation structures and policy are subject to frequent change as per director's wishes 

♦ Securing and maintaining a structured and well-defined management system {more skilled/trained personnel 
being used to perform additional functions eg Quality, Environmental and HS Manager) incur a substantial 
initial and annual expenditure. While the cost can easily be assimilated by a MNC, this much needed cash might 
be better spent in other more rewarding investment. 

♦ This might cause some unsettling morale and motivations among the staff. The older members feel insecured, 
incompetent and threatened. Training emphasis is centred on existing staff instead of newly recruited persons 

· (generally more knowledgeable in modem business/ management practices, but without experience). 
Experience is perceived to be capable of being translated and transferred through documentation, hence the 
older staff members are losing their worth within the MNC context. 

♦ The decision making process is restricted to procedure-based and spear-headed by top management who are 
generally more conservative and not likely to take uncalculated risks. Entrepreneur relied heavily on 
intuitiveness, vision. and courage in the thinking process and great detennination in the implement phase. It is 
usualty carried out with minimum consultation to avoid leaking infonnation and negligible input from middle 
level management. 

♦ Communications are perceived valid only for the written documentation. Verbal discussions without being 
recorded are often non-official and hence discouraged. The spirit of hand-shake and promise is mocked at by 

. the modern management practice. 

♦ Staff appraisal is shifting its . focus away from personal trust/confidentiality to product quality. Hence 
performance is based upon customers ' complaints and audit report findings. Staff members who are dealing 

· with indirect business operating functions are often left out in the list for year ending bonuses. 

♦ Innovation and ~reativity are not the essential elements of ISO9000 and hence they become more difficult to be 
convinced as useful elements. 

♦ Customer's complaints are directed towards weaknesses in performance and blaming-someone. These issues 
are seldom resolved by focusing on the research and development of the organisation's system, activities and 
products. 
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ORGANISATIONAL CHANGES AND RESTRUCTURING 

Those forces of uncertain changes in customer's requirements, ballooning cost of maintaining Quality and 
Environmental Management standards,. and other major challenges discussed earlier are here t_o stay. At the national 
level, various agreements are being made to protect and enhance the capabilities of all the regional corresponding 
members. Extracts from the Asian Development Bank ( 1996) illustrate the main EAGA development strategy: 
♦ the maximisation of individual country gains from traditional comparative advantage with respect to the rest of 

the world; 
♦ the energetic exploitation of complementarities among the subregions; 
♦ the extensive use of shared natural resources. technology and information; 
♦ joint action to overcome constraints on economic development; and 
♦ the active expansion of intra-industry and intra-firm trade in the ASEAN by fostering specialisation and 

regionalisation of production. 

At .the organisational level, some forms of organisational changes and restructuring are needed in order to harness 
the _ benefits of such global changes. There are tremendous differences between the implementation of North 
America business concepts and Asian(Chow et. al , l 997). Although generalisation often causes distortion, it is 
difficult to agree otherwise that Asian managers and workers will think and perform differently from those in the 
developed nations. It is then no surprise that many professionals have been thinking about the fundamental changes 
within the organisation associated with the adoption of quality management systems. Typically, the change in the 
culture of the organisation (Guptara, 1994) is seemed to be one of the key deciding issues. 

The underlying theme of such essential changes and restructuring is the community based business practice which 
seeks not only to satisfy its customers' requirements, but also to proactively develop the community. This is very 
closely in line with the sustainable concept of the business charter. Having a deep understanding of the 
organisation's capabilities, developing a sensitive approach to the environment while fostering · effective 
relationships with the existing customers, suppliers. regulators and community at large will automatically satisfy all 
the stakeholders' requirements. Higher performance/ productivity is gained through continuous improvement in all 
relevant business operations: staff welfare, customers' care, environmentally sensitive and responsible. 

The core organisational changes linked to the CBBP concept are in the ascending order of maturity: 
1. Cost cutting and Continuity: one of the most visible impacts of a successful CBBP is the continual reduction in 

and the continuity in the management support. 

2. Commitment and Communications (inter and intra): implementing strategies will involve participation from all 
workers in an organisation and hence it is important these are clear and transparent. Good communications with 
the community and public sector organisations are the driving forces to reduce confrontations. 

3. Compliance and Consistency: this follows on from the ISO 9000 concept of ensuring conformances. 

4. Control and Check: this helps to identify the non-conformances of the systems and report any finding. 

5. Continuous improvement and Continuing training: staff performance is tied closely with the tools and training. 

6. Complementarities and Collaborations: it forms alliance with MNCs or the like to increase competitiveness. 

7. Concentration of Core competence and Cutting edge capabilities: put back the emphasis of R&D. 

8. Confidence and Creditability: .this includes the proper use of IT and intellectual properties right protection. 

9. Creativity and Contingency: this insists the organisation to be responsive to changes and crisis. 

I 0. Customer focused and Community based: a move to satisfy all the stakeholders' requirements 
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Intermodal Profitability Analysis in the L TL and 
Truckload Industries 

By 

W.M. Plunkett III and G. Don Taylor Ph.D., P.E. 

This paper presents a research agenda for the study of costs in intennodal transportation using truck and 
railway methodologies. The perspective will be that of both truckload (TL) and less than truckload (L TL) 
carriers. The focus will be on the detennination of low cost options for shipments through establishing an 
understanding of the impact of freight imbalances, repositioning of equipment, ownership of equipment, 
· drayage, dwell time within a market, the size and type of market the load will serve, service costs, and 
transit times. This analysis will provide carriers with a profitability perspective on current lanes to help 
them detennine which loads should be handled using intennodal equipment and methods or alternatively 
which should remain solely as over the road (OTR) loads. This analysis will provide carriers with a tool set 
that will actively determine costs for these lanes and thereby identify opportunities for increased 
profitability. 

INTRODUCTION 

Intennodal transportation with truck and rail is a rapidly growing segment of the transportation industry. 
Projections show that intennodal transportation is expected to grow rapidly through the early part of the 
next century. Harps (1995) indicates that this growth could continue in the double digits through the year 
2000 and beyond.. As this growth continues in a very competitive industry, tools will be needed to help 
determine which mode (truck only or intennodal) is most cost effective for the service needs of customers. 

In this paper, the primary focus is on a research agenda for the development of a tool set to support cost 
analysis and mode selection for motor carriers. The ultimate objective is to provide tools for both L TL and 
truckload industries to assist in mode selection as a function of several critical factors. These factors 
include the desired service level, lane freight volume, length of haul, market type, equipment redistribution 
needs, drayage needs, purchased transportation options, and profit margins. 

It is at)ticipated that the research will result in delivery of a profitability determination model with eight 
possible defining characteristics [(2 delivery modes) x (2 industry types) x (2 equipment return scenarios)] . 
The ·delivery modes are intermodal and truck only. The industry types are truckload and L TL. The 
equipment return scenarios include a 'loop' model and a 'next load dispatch' model. Both equipment 
return s_cenarios are discussed in greater detail later in this paper. 

SUPPORTING LITERATURE 

A comprehensive literature review has been completed to support the development of the profitability 
determination models. A full accom1t of this review would be prohibitive in tenns of length, so only the 
most relevant articles are mentioned herein. 

Perhaps the most related work in the published literature is that of Nierat ( 1997). In this article, the author 
discusses intennodal transport profitability primarily from the viewpoint of rail access point locations 
compared to shipper locations. He defines zones within which a particular mode is most optimal from a 
cost viewpoint. Our work differs from his in that we are explicitly considering several other factors 
affecting modal profitability. Broadstreet (1996) also develops an intennodal profitability decision support 
system but fails to compare intennodal profitability to viable trucking options. Also, he does not explicitly 
consider L TL trucking scenarios. 

Powell et al. ( 1988) discuss a framework for pricing and operations in a truckload trucking scenario; 
Among other things, the authors discuss the effect of prior dispatching decisions on current operational 
viability. It is recognized that the randomness of dispatching for national carriers detracts from the ability 
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of the carrier to determine future profits as a function of the current dispatch. In other words, it is known 
that a particular destination may be more or less likely to result in a profitable next dispatch, but after a 
number of next dispatches, the current dispatch decision has little correlation with expected future profits. 
This paper helps to justify our decision to consider two equipment return scenarios. The 'next load 
dispatch' method probably most closely follows pricing methodologies used in practice. Powell et al. 
( 1988) help to justify this methodology by pointing out the futility of forecasting a number of next dispatch 
possibilities. Because the ne.twork must ultimately achieve balance, however, the 'loop' scenario is also 
justified. We simply consider the many possible paths back to the origin in a composite manner. 

FACTORS FOR ANALYSIS 

To build meaningful profitability models, there are several factors to consider. These factors include the 
service level of the freight, volume of the freight through the lane over time, length of haul, market type, 
redistribution of equipment, drayage, purchased transportation price, price breaks per equipment type, and 
profit margins. This analysis will attempt to determine the effects of these factors on profit for motor 
carriers. 

Service Level 

In the trucking industry there are several types of service and levels that are available to the customer. The 
customer can request anything from team service, to a simultaneous delivery time nation wide and expect 
compliance from the carrier. McGinnis ( 1990) discussed with carriers and shippers the variables that most 
commonly effect the choice of one shipper over another; the overwhelming result was that the factor that 
most effected a shipper's choice was service. McGinnis also defined the dimensions of service after some 
analysis of his shippers. He found that there were five "dimensions" that were considered, (1) reliability, 
(2) transit time, (3) over, short, or damage, (4) shipper market considerations, and (5) carrier 
considerations. Within these five, the priority that is placed on each varies from shipper to shipper, and~ in 
fact, it was common for one of these factors to rank first on the list of considerations, followed by freight 
rate. 

From a carrier standpoint, this is important information to. help them gain an understanding of what the 
customer base is seeking when the decision is made to ship. It can have a great effect on the decision to 
ship intermodally, or to handle the load via truck. It is also important to point out that many of the 
customers (shippers) view intermodal as the lowest level of service that is available to them, and will 
commonly request that a load not be handled via intermodal means. This is, however, changing as the 
railroad industry is improving its own efficiencies by making gains on service times and damage rates. 

The obvious implication of service level from a carrier standpoint is that a high service level will incur a 
higher cost to the carrier and therefore this cost will be passed on to the shipper. A lower service level will 
allow a lower cost to be incurred by the carrier. This too can be passed on to a shipper. The most common 
types of service are usually noted by mode; truck, and intermodal. This is an inaccurate list in today's 
trucking industry, as the carriers will commonly have at least one or two levels of service available to the 
shipper: team service, and if volume on the lane warrants it, dedicated. When shipping via intermodal 
means there can be as many as four types of service or priority on the rail. Selection of a priority level is 
generally a function of the type of commodity being shipped and the shipper's service niche and 
relationship with the railroad. 

Freight Volume 

The volume of freight is a common factor in determining the cost of shipping over a lane. The reason for 
this is volume's relationship to-overhead cost. As volume is increased the overhead cost can be spread over 
a larger number of loads thereby lowering the cost on a per load basis. This is especially true in L TL 
shipping where the price of overhead per load can ~ spread over many shipments if the volume warrants 
spread either through a single customer as in the truckload business, or over many shipments and shippers. 
High freight volume in a lane also permits regulariz.ation of scheduling, adds more certainty to dispatching, 
and can contribute to the development of shorter driver tours and reduced driver turnover rates. 
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Length of Haul 

The length of haul is a factor that has a great effect on the cost of a shipment, as most carriers utilize a 
length of haul measurement in pricing their shipments to the shippers·. Some use a "dollar per mile" ratio, 
which is most common in the truckload shipping industry. Commonly L TL carriers utilize a mile 
measurement in their pricing algorithms so that an accurate assessment of the cost of shipping can be 

. measured. Railroad companies also utilize a "dollar per mile'' quoting system to make quotes to their 
customers. Most carriers have an automated system for measuring the miles from point to point, that pulls 
the information from a database, some of these include PC Miler©, and Rand McNally Miles©. 

The length of haul is also the factor on which our algorithm will make a break-even assessment for 
shipping intermodally. We will present a matrix based on fifty-mile intervals. These intervals should make 
the break-even point clear for the different shipping scenarios. For shorter shipments, it is almost always 
better to ship via truck because the cost of shipping iritermodally is not overcome without enough savings 
to cover the cost of drayage, service, and several other factors that will be discussed. Our algorithm will 
help point out where this length of haul is too short, and trucks should be utilized to handle the loads. 

Market Type 

The type of market a shipper is shipping from or shipping to is a factor that has a tremendous effect on the 
price·of shipping. There are three basic market types: head haul, back haul, and intermediate. The head 
haul market type is the type of market that has a running equipment deficit. Rates into or out of these types 
of markets tend to be very low, and dwell time in the market (time spent waiting for the next load) is 
minimal. . 

The back haul market is a market where a carrier commonly incurs empty miles to pick up the next load, 
because of a surplus of equipment in the area. The rates for these markets vary based on the direction of 
flow. If a load is going into this type of market, it is common for a carrier to charge very high ·rates in order 
to cover the cost of the empty miles. Leaving a market of this type is, however, very inexpensive, as 
carriers are load starved in the area. This is not the case if a load is traveling from a back haul market to 
another back haul market. Typically carriers charge a higher rate in this circumstance due to the empty 
miles and dwell time that will be incurred by the carrier at the destination. 

·J 

Head haul markets are markets where there is more freight than equipment to handle the loads. These are 
"good" markets for carriers to be in, dwell time is low, and empty miles are small. Most carrier networks 
are set up-so that the equipment is getting into these markets, so that utilization numbers on equipment can 
be maximized. Typically, there are price breaks for shippers entering these markets. However, prices 
leaving these markets are usually higher due to the demand exceeding the supply in these areas. 

Intermediate markets are markets that are almost perfectly balanced with regard to freight flows. 
Shipments traveling out of these ~kets frequently experience price breaks when traveling to head haul 
markets. Shippers seeking service between two intermediate markets, however, do not see a price break, 
and there is almost always a price increase for travel into a back haul market. When traveling to a market 
of this type, the price of shipping will depend on the origin market type. If the origin market is a back haul 
market, then there is commonly a lower rate for entering an intermediate market. If the origin is a head 
haul market there is often a higher rate per mile associated with the shipment 

Redistribution of Equipment 

The distribution of equipment within a network is an important issue that is addressed by carriers on a day 
to day basis. This issue is very closely related to market type, in that it is the goal of most carriers to place 
equipment into head haul markets. For the purposes of our model there will be two scenarios considered, a 
loop scenario, and a next dispatch scenario. 
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The loop scenario will relocate the equipment to the original shipment origin. This will force the system to 
operate as a balanced steady state network. The objective of this scenario is to force the equipment into 
immediate balance following each dispatch. Although operationally impossible, the network must 
ultimately be balanced at each node. · 

The second model that will be considered in our algorithm will be the next dispatch scenario. Under the 
constraints of this scenario, the cost of equipment relocation will be considered for its next dispatch within 
the network. This distance will be based on the market type of the shipment's destination. It will have an 
expected dwell time within the market, and expected empty miles to the next dispatch. This network 
design assumes that the carrier can maintain a dynamic equipment balance and distribution. 

Another factor to consider in both of these models is the ownership of equipment. Many carriers utilize rail 
owned equipment including containers, chassis, and trailers. These can be rented from the railroad for a 
specific load, and are commonly used to maintain a balance within the network. This will effect the models 
in different ways. The loop model will require payment for the relocation to the railroad drop point, or will 

· require a penalty associated with the imbalance of freight in certain markets according to the railroad needs. 
This should drastically effect the redistribution piece of the equation by making the cost associated with the 
redistribution encompassed in the price of equipment rental. For the next dispatch scenario, the carrier will 
again be responsible for returning the equipment to the railroad drop point, which will be in the Destination 
City. This will make the redistribution piece the responsibility of the railroad, and the cost associated with 
this dwell will be the responsibility of the railroad. This is a significant issue because in certain situations 
the railroad has the use of ISO containers for the price of storage and relocation which, in tum, has reduced 
the cost to the railroad of rental on these containers. 

Drayage 

When a company chooses to ship via intermodal with rail, it is necessary to handle the load form the point 
oforigin to the rail yard or from the rail yard to the destination. .The term used to describe such a move is 
"dray". Drayage in most truckload environments is either handled by local driver, or by an outside source. 
There are also intermediate moves between rail yards in cities like Chicago where it is necessary to have a 
dray from one yard to another. The majority of these moyes are handled by an outside source. These 
moves are usually set up by the carrier and charged on a fixed charge per move basis, based on the length 
of the move, expected nµmber of moves in the area over time, and the time required to make the move. 
There are special cases for the charges that occur with delays at the rail yard or otherwise, and special 
handling that may be required by the equipment used or the type of load that is being moved. 

Price of Purchased Transportation 

Since purchased transportation is the largest component of cost in an intermodal shipping environment it is 
important to determine, for the purposes of analysis, the costs associated with the line haul of freight from 
rail head to rail head. This cost should encompass the increased claim rate and maintenance that is 
necessary for carriers who choose to use this mode of transport as well. The quoted rate is usually a 
co:itracted rate for transport between two points, however it can also be calculated for a number of train 
miles as well. This cost will vary according to length of haul, equipment used and the type of intermodal 
service that is required by the load. 

Several equipment options exist for motor carriers electing to ship intermodally. A shipper can ship almost 
any container, but there are price breaks for containers that have double stack ability. Trailers can be 
shipped as well, including 28 ft. pups, 48 and 53 ft. trailers; these usually have a charge· associated with 
shipping futermodally because of the extra space required when compared with the double stack containers. 

Profit Margins 

Profit margins in the trucking industry are very small. Many of the carriers in the industry struggle each 
year to make a profit at all, which makes this research very necessary and applicable to industry. The 
margins for our model will assume a small margin for both the rail carriers and the trucking carriers. The 
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margins for the L TL and truckload companies are similar, but can vary based on load type and freight mix. 
The varying of these margins will allow a sensitivity analysis to be performed, so that the carriers choosing 
to use our algorithm can a~hieve the desired levels of profit margin. 

CONCLUDING REMARKS 

This paper introduces new and more comprehensive profitability analyses than those previously published. 
• · · The authors explicitly consider both truckload and L TL environments and provide profitability analyses for 

both truck and intermodal options. Furthermore, the authors develop models for two very different 
equipment relocation scenarios based on sound judgement from the literature. 

It is anticipated that the models developed will support profitable decision making by motor carriers for a 
wide array of potential load demand situations. Cost is explicitly calculated based on the length of haul, the 
desired service level, the lane freight volume, the market type and equipment redistribution needs, the 
drayage requirements, the availability and cost of purchased transportation and equipment rental, and the 
possible profit margins in a particular lane. The models described herein should provide a significant 
contribution to both the published literature and to the intermodal transportation industry. 
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ABSTRACT 

CUSTOMER SERVICE IN TODAY'S WORLD 

Kirandip Samran and Kaylene Williams 
California State Univenity, Stanislaus 

Customer service is vital to business enterprise. This paper addresses the following: ( 1) what is quality customer 
service, (2) the value of customer service, (3) key ingredients for quality customer service, and (4) how to 
continually improve quality customer service. 

INTRODUCTION 

"The buzzwords 'the customer is always right' and 'the customer is king' are often just verbiage - the majority of 
customers who are looking for service of any kind feel abused because they are treated as 'nuisances' who get in 
the way of doing business." (Jim Mitchell, 1997). "Customer service is an orientation to the customer, requiring 
an integrated, consistent, and holistic approach to serving -customers, which is a far cry from the fragmented, 
inconsistent, and piecemeal approach, we consumers are fed up with ..... being given the royal run-around, being put 
on infinite hold, being told that's not my job." (Congram and Friedman, 1996, p.101) 

Customer service is meeting the needs of the customer as defined by the customer. "Meeting the needs and 
expectations of the customer" means you know what your customers want, what they expect, and you provide that 
to them on a consistent basis. And to know what your customers want, you have to ask them! As obvious as that 
sounds, many companies establish customer service initiatives without ever talking to their customers. "As defined 
by the customer" is a very important point to understand because it says that if the customer does not perceive you 
as offering good customer service, then you do not offer good service. The customer is the judge. No matter how 
good your internal records claim you are, the customer is the only voice worth listening to. In general, customers 
want four types of services: (1) general information regarding products and services; (2) references or manuals 
with more detailed information regarding products and services; (3) answers to generic and specific questions 
regarding products and services; and (4) returns or _maintenance of products and services (Mosdey, 1995). 

Currently, there is a revolution in business where customers reward the companies that satisfy their needs and 
expectations and attack those that are not responsive to their needs. This paper will discuss ( 1) what is quality 
customer service, (2) the value of customer service, (3) what is necessary for quality customer service, and (4) how 
to continually improve quality customer service. 

WHAT IS QUALITY CUSTOMER SERVICE 

Today, everyone in business is comfortably seated on the customer service bandwagon. The "customer-for-life" 
music is playing. The crowds are streaming to the "how-to-do-it" seminars. The customer service newsletters clog 
the mail. Without question, meeting customer expectations is important. In leading the customer-service parade 
however, businesses must be careful not to have more frenzy than fact, more style than substance. Hence, a new 
definition of customer service is emerging; one that goes beyond doing it right the first time, providing 
communication excellence, on-time deliveries, and being responsive to individual customer requirements. All 
these are starting points for service. The simple, unavoidable truth is that if customers do not receive this level of 
service, they go elsewhere (Graham, 1996). 

The customer-service issue can 1>e summarized very simply. Service for the future means becoming a valuable 
resource for the customer. What this means is that those companies providing knowledge will be the winners. The 
lowest price is not enough to hold customers -- if it comes without the benefit of expertise, knowledge, and 
information. This is what today's customers require. There are five important implications of this "knowledge is 
service" concept as listed below (Graham, 1996): 
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1. Price may attract customers, but information sustains them. 
2. Doing it right may please customers, but helping them achieve their goals keeps them. 
3. Being on the cutting edge may be the correct positioning, but being viewed as a valuable resource 

produces long-term confidence. 
4. Automation may make players, but leadership comes from innovative ideas. 
5. The right products and services keep business coming, but shared expertise attracts the right customers. 

The correct knowledge produces - attracts - the right customers. 

Findings from a customer satisfaction survey by The Marketing Science Institute of Cambridge, MA ~ealed the 
following critical factors that determine customer satisfaction with a product or services (Swell, 1997). These are 
the most important characteristics of quality service from tlie customer's point of view: 

• Reliability - Customers want a desired service to be performed dependably, accurately, and 
consistently. Unkept promises are a big source of customer dissatisfaction. 

• Responsiveness - Customers want prompt service. Example: A firm which quickly answers tele
phone calls. They also want helpful infonnation about a product or service. 

• Assurance - Customers appreciate employees who are courteous and knowledgeable about a product 
or service. Employees need to project confidence in the service they provide. 

• Empathy - Customers want individualized attention. They want company representatives to listen to 
them. In short, people want to be treated as individuals. They want to be noticed. 

• Tangibles - Customers want, for example, a clean environment. 

THE VALUE OF CUSTOMER SERVICE 

The benefits you and an organization can reap from an effective customer service initiative are: 
• Minimize stress - If an organization deals with customers directly, especially unhappy ones, there will 

be a certain amount of stress with each episode. This can be reduced with a systematic way for 
dealing with custom~rs. 

• Higher efficiencies - Focusing your efforts on the areas that directly affect customer satisfaction can 
utilize resources more efficiently. An effective customer service program provides a game plan for 
working on those areas most important to customers and reduces the "noise" level which may distract 
an organization from focusing on these areas. 

• Increased morale and satisfaction - Working on areas that mean the most to customers and to the 
success of the organization will create a common vision and meaning within the entire organization. 

• Survival - Effective customer service has become a given for staying in.business. With increasing 
globalization and the knocking down of trade barriers, competition is fierce. There are plenty of 
suppliers eager for business and the opportunity to satisfy customers. 

• Cost effective - According to the U.S. Consumer Affairs Department, it costs five times more to gain 
a new customer. With just a 5% increase in customer retention a firm can raise its profitability.by 
25% and in some cases as µmch as 85%. Similar studies also show the longer a company keeps a 
customer, the more money it will make. This happens because consumers spend slowly at first, but 
with succeeding years of good experiences, they will spend increasingly more. The Profit Impact of 
Market Strategy "PIMS" database shows that firms perceived as having better customer service can 
charge higher prices and have greater returns on sales than their competitors. (Smith 1997) 

• Competitive Advantage -Fierce competition is requiring more and more innovations to differentiate 
firms from one another. With technology available to virtually all organizations today, traditional 
features and cost advantages no longer provide for a sustainable competitive advantage. More and 
more companies are turning to quality of service to provide them with a way to distinguish 
themselves from the rest. They are talking to their customers to determine what is most important to 
them and how they can further add value to them. Smart companies are positioning themselves to be 
an extension of their customers, thereby, making it very inconvenient for the customer to frequently 
change vendors (TsChohl, 1995). 
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KEY INGREDIENTS FOR QUALITY CUSTOMER SERVICE 

Over the years, managers and researchers have discovered that becoming a customer-focused organization goes 
beyond "fixing those people out there." In truth, it involves every individual and every process at all levels of the 
organization. Companies committed to becoming more customer focused cannot depend on training alone to 
accomplish their goal. They also must explore the following six key areas of quality service: top-down 
commitment, measurement and feedback, education and training, customer-friendly systems, quality service 
standards, and recognition of service excellence. (Davenport, 1996) 

Top-Down Commitment 
Most senior executives agree that Quality Service is an important element in business success. But their 
commitment to service is really the degree to which they "walk what they talk" when it comes to service 
excellence. In the final analysis, it is not what mangers say but what they do that provides staff with an indication 
of what is really considered important and valued within the organi7.ation. There is no faster way for managers to 
hinder a quality improvement effort than by promoting service excellence with their words and expressing 
mediocrity in their actions. Effective managers can show their commitment to quality service by taking a 
roll-up-your-sleeves approach; jumping in when it comes ·to dealing with customers; making a point of knowing 
the service level that customers are receiving; and by modeling excellent service skills when interacting with 
employees and customers. (Davenport, 1996) 

Measurement and Feedback 
Many companies operate on the mistaken assumption that they know what their customers want. One of the first 
and most important steps in improving service excellence is to understand what your customers need and expect, 
and how well you are meeting or exceeding those expectations. An organization should "get the pulse" of their 
customers before administering any quality service improvement program. To get accurate feedback, use methods 
such as telephone interviews, mail surveys, face-to-face interviews, complaint analysis, lost-account surveys, and 
focus groups. Good customer data must be ongoing, specific, timely, focused, weighted, and compared to 
competition (Kilton, 1997). Once the data has been gathered and analyzed it is important that the loop be closed 
by rerouting any appropriate findings back to those surveyed. This confirms that their feedback was heard and 
outlines any changes that are being considered or made. (Reed, 1996) 

Education and Training 
There is often a misconception within the hierarchies of some companies that training is the panacea that will cure 
all ills, that is, "train those people" and the wheels of the corporate machine will keep running smoothly. This is 
rarely the case. The enthusiasm generated by participants in a workshop is fragile and easily extinguished by the 
environment into which they return. Although the two areas of education and training are often managed by 
different departments and serve distinct and separate purposes, they both contribute to the employee's awareness of 
the importance of service. In this context, education is any process that underscores and illuminates how service 
improvement relates to specific jobs, tasks, and behaviors. It can take the form of newsletters, briefings, meetings, 
videos, etc. Service training, on the other hand, means the more formalized, classroom-style approach that strives 
to build skills and awareness in. specific areas such as customer service skills for front line staff, customer service 
skills for backroom staff, orientation for new hires, service management skills for all managers, and quality 
problem-solving skills (Smith, 1997). Most importantly, customer loyalty programs can be created to energize 
employees by pep rallies and slogans and by senior management participation. Publicizing and holding celebratory 
meetings to recount the actions of workers and rewarding them with high praise appears to go further than higher 
salaries and promotions, about these and other performance incentives such as benefits, amenities, and 
responsibility are necessary as well. 

Customer-Friendly Systems 
This area is probably more overwhelming than any other to organizations involved in becoming customer focused. 
Part of the problem lies in the tangled web of procedures and policies that make up the systems and act as a blue
print for the way a company does business. Systems are indispensable, but they can help or hurt the customer and 
staff depending upon how they are designed. The two key problems are usually: 
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• Systems are set up with the objective of protecting the company from having the employees or 
customers take advantage· of them. 

• Systems are inherited, that is, the way the company has always done business is utilized and it may 
not be valid or effective. 

While there are a multitude of systems within any company, the key systems to be examined in becoming a more 
customer-focused company include: sales/ordering systems, supply/logistics systems, accounting/payment systems, 
after-sales service systems, complaint procedures, crisis/contingency systems, and telephone/computer systems. 
(Davenport, 1996) 

Quality Service Standards 
Friendliness, courtesy, responsiveness, accuracy, etc. are all worthy goals, but how do you achieve them when they 
mean different things to different people? The solution to achieving service consistency is in developing specific, 
objective, and measurable service standards that translate service qualities into specific behaviors and actions. 
Service stan<Jards allow objective evaluation of staff performance and help ensure consistency in treatment of 
customers. Some basic standards might be answering the phone within three rings, returning all customer calls 
within 24 hours, and filling all orders within 48 hours of receipt. (Glanz, 1994) 

Recognition of Service Excellence 
Creating an environment of recognition for service excellence is clearly important yet often overlooked. The three 
areas to consider are: 

• A formal recognition program. This type of program is usually department, division, or company 
wide and provides rewards for the individual or team that best fulfills the specified service criteria. 
The rewards given vary depending on the level of excellence. 

• Informal recognition. This is a more casual and spontaneous acknowledgment of staff that is 
expressed by a manager or supervisor. 

• Salary and advancement. In the final analysis, all of your employees have to see some personal 
benefit to increasing their sensitivity toward customers. These benefits in some way must be central 
to advancement in the organization. 

BOW TO CONTINU~LY IMPROVE QUALITY CUSTOMER SERVICE 

Quality customer service is important to any organization. However, today's quality customer service may not be 
enough for tomorrow. So, continuous improvement in customer service must be a primary focus. Following are 
some ideas about how to continually improve customer service. 

Understand Your Customer's Requirements 
First and foremost, an employee needs to know who is my customer. This information can be obtained from 
his/her own organization, another company providing that data, employees internal data, customer complaints and 
inquiries, and survey and focus groups. Companies typically know the general requirements but do they know 
what is really important to their customers, do they measure up to the customer's standards, and how do they 
compare to the competition in the areas deemed most important by the customer? In most cases they do not and 

· will not unless they collect this information in a formal, systematic manner. ("Customer Service Redefined" 1996) 

Develop an Effective Customer Service Strategy 
There are six steps that should be followed in order to achieve effectiveness in customer service strategy: 

I . Build a case for action - Think about how extensive the corporate commitment must be, then present 
an adequately compelling case for action that recognizes the long-term costs of doing nothing and 
stresses the cost of service failures. 

2. Analyze the segmentation of your customers - Not all customers deserve red-carpet treatment. 
Differentiate customers by strategic importance and by their ability and willingness to work toward 
full partnerships. 
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3. Diagnose current service delivery processes - Use current conditions to construct a baseline for future 
improvement. Third parties are often important here, as they can enhance or undermine the basic 
buyer- seller relationship. · 

4. Develop a service vision and strategy for each segment - Identify what sorts.of customers merit what 
levels of service, then build on the baselines to develop service programs tailored to each segment. 

5. Identify the basics and commonalities among all segments - Doing the little things well is crucial; 
sophisticated segmentation or information technologies are meaningless without fundamental 
competence on the basics. 

6. Develop value-added initiatives of mutual benefit - In conjunction with customers, look at processes 
that might be redesigned, metrics for measuring success, joint planning, and closer interconnection of 
information technologies. 

Establish a Customer-Centered Vision for Your Company 
· In order to transform your company into one that values customer satisfaction, you must establish a 

customer-centered vision for your company. According to Richard Whitely of the Forum Corporation, a vision 
is ... a vivid picture of an ambitious, desirable future state that is connected to the customer and better in some 
important way than the current state. In other words, your vision is what you want your organization to become, 
what you want it "to grow up to be." And a client-centered vision is one which takes its direction from the 
customer. A vision has two critical functions that it performs. First, it serves as a source of inspiration that rallies 
the organization around a single unifying purpose, which in this case is the customer. The second duty a vision 
performs is that it guides decision-making and aligns an organization so that all functions work toward a single 
goal. When establishing customer friendly policies, remember that there is not anything that makes a customer 
angrier than someone saying, 'Tm sorry, that's our policy." In many cases, policies exist because "that's the way 
we've always done it before." Take an inventory of your organization's policies. Do they facilitate customer 
satisfaction or do they only erect barriers and cause customer frustration? (Smith, 1997) 

Customer Service as a Goal-Directed Process 
After the "quality" enthusiasm of the 1980s, customer service has become a modem rhetorical mainstay. Yet 
sophisticated thinking on the topic is less common than good intentions and earnest talk. The issue is not whether 
or not to serve customers, but how. A successful customer service strategy will identify objectives, specify costs 
and benefits, commit appropriate resources to the process of customer interaction, measure results, and 
continuously improve. Because customers differ, service strategies must be customized; one policy cannot apply to 
all situations. Sellers must decide to what degree they will internalize the needs of each market segment and help 
organize transactions accordingly. As both consumers and commercial customers demand better treatment, service 
has become, in many settings, an important competitive differentiation; that is, price and product can hit "walls," 
while service can improve almost indefinitely. Customer satisfaction directly impacts bottom-line considerations 

· of revenue, cost, profitability, and long-term viability. The realization of this impact has led many companies to 
pursue service, but only in an unfocused manner. One reason for the relative scarcity of achievement to date is the 
failure to include customer service within all business processes (Goldman, 1995). People within the organization 
must "own" the service process to ensure continuity. Effective customer service is both ongoing and customized. 
As such, listening to customers is the first step in the design of tailored solutions that bring buyer and seller closer 
to the elusive model of full partnership.. As this relationship becomes more common, it will challenge vendors still 
further to stay ahead of market demand with exceptional service. (Zeithhaml, 1996) 

Review Customer Complaints and Inquiries 
A company should be able to systematically uncover potential areas of customer dissatisfaction by reviewing key 
operation data such as back logs, stockouts, delivery time, returns and allowances, or internal reject or yield rates. 
If your rejects are high or your yields low, you can bet that some bad product is leaking out to your customer. Even 
if the product is inspected before shipping, tests have shown that inspection isn't 100% reliable -- some bad 
product will sneak out ("Get Real About Customer Service," 1997). If a service must be redone, customers 
probably are not happy as customers expect "do it right the first time" ("Customer Service 101 and 201, 1997). 
Studies show that only 2-4% of dissatisfied customers ever complain. If one is only looking at complaints, then 
one is likely missing the other 96- 98% who have problems with your company but fail to communicate it (Snier, 
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1995) .. It is important to assemble a list of service strengths and weaknesses. This should provide a few areas 
where improvements can be made. 

Understand the Value of a Customer and of Losing a Customer 
Tom Peters, the author of "In Search of Excellence" and numerous other business books, has developed a formula 
to figure the true value of a customer. Take the average purchase, and frequency, and calculate how much that 
customer could purchase in a year if all purchases of this product were made with you. Then multiply it by 1 0 for 
the value of that customer. This represents the potential purchases over a decade, but does not include referral 
business that a customer can pull in. A family might spend $150,000 for automobiles, for instance, using this 
formula. This customer is worth spending time and money on to keep loyal. A grocery shopper may spend $50 
per week, which adds up to $2,500 per year, or a 10-yearvalue of$25,000I ("Exceed Their Expectations," 1997). 
Consider why customers quit: 

Move away: 3% 
Other friendships: 5% 
Competitive reasons: 9% 
Product dissatisfaction: 14 % 
Indifference towards customer by an employee or employees: 68% 

You can't do anything about the first three percent, and little about the five. Almost all marketing effort by 
business is devoted to competing for that nine percent who are likely to switch in response to ads or better bargain 
prices. TQM and other quality measures are devoted to convincing just 14 percent to stay. Yet how many 
businesses work hard at the changes necessary to eliminate 68 percent of the reasons for switching? ("Exceed 
Their Expectations," 1997) . 

Understand How to Deal with Dissatisfied Customers 
What do you do when you make a mistake? First of all, do not argue with the customer. In other words, never 
defend yourself. Assume they are right. That is the first rule. The second rule is, "When in doubt, see first rule." 
Tell the customer how you are going to take care of the problem. ("Customer Recovery," 1996) When dealing 
with customers who are not happy or just plain irate, try the ASAP technique: . 

• A is for Acknowledge: Recognize the person's feelings. Apologize for any inconvenience. Be 
sincere. You should spend about four times as much time massaging the caller's feelings as it will 
take to actually solve the problem. Do not be cooly efficient. 

• S is for Sympathize: Let the customer know you understand what they are going through. 
• A is for Accepting responsibility: Even if you have nothing to do with the problem, you represent 

the company for the customer. Take the blame. 
• . P is for Prepare to help: ·Reintroduce yourself. State that you are going to help them after you have 

sympathized. Use their name. Do not tell them that the computer is down or that you cannot handle 
it. If you need to research the problem, tell the customer that and let them know that you will get 
back with them as soon as you are done. (Friedman, 1997) 

Know How to Build Rapport with Your Customers 
Some people have instant rapport with some people, while it is difficult to communicate with others. The easy
rapport people seem to understand what one is saying while others do not. The key to understanding this mystery 
of customer behavior IIµly lie in the way people process information. James Lynn, Ed.D. says some people are 
sight- oriented, some are sound-oriented, and others are sense-oriented. Lynn, a psychologist and management 
consultant, recommends trying to discover the customers' information gathering style in order to communicate 
more effectively. While people do move from one orientation to another, their basic information-gathering systems 
can be spotted by various .cues. Since as many as 80% of our companies are now service-oriented, the interaction 
with customers and prospects is more important than the actual product in most cases. Rapport building with the 
customer is absolutely essential. (Mosdey, 1995) 

Everyone in business needs to measure customer satisfaction. Why is it so essential? You have to find out what 
your customers want and how your products/services are meeting their needs. Some companies waste inuch time 
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arguing about whether they should conduct surveys. It is not a question of"if." In order to survive and prosper, it 
is a must. After all, surveying customers is the only way to see your company through your customer's eyes. 
Remember, the customer's perception is the reality, no matter what you think you are doing. The real question 
then is how. While many methods can be used, it is usually best to hire third parties to conduct these, since most 
customers are reluctant to criticize people to their faces. It is important to set up a system that allows you to hear 
from your customers on a regular basis. If you have 4,000 customers, survey 1,000 each quarter (or approximately 
340 each month.) This will let you keep tabs on what your customers are thinking and help you detect problems 
before they escalate. But be sure you do not survey any one customer more than twice a year - they will start to 
resent you. (Kilton, 1995) 

Train Employees in Appropriate Information Technologies 
Because customer service is a process that spans the entire buyer-seller relationship; adequate and real-time 
information needs to be available at all points of contact. Networked computers obviously support this objective, as 
do satellite technologies, wireless devices, and bar-code scanners that provide status information. Additionally, 
decision science tools facilitate better planning, while expert systems and shared databases give individual 
employees the benefit of the organization's collected experience. The electronic connection of buyer and seller 
through EDI and other technologies enables both sides to respond more quickly to each other. These new 
technologies also multiply the points of contact between the buyer and seller. ("Get Real About Customer 
Service," 1997) 

Use Techniques to Increase Customer Loyalty 
Glanz (1994) offers a list of27 ways to increase customer loyalty and improve the prospects of keeping customers 
lon~er: 
• Offer a guarantee. 
• Provide toll-free telephone access. 
• Offer customer-convenient hours. 
• Provide automated attendant telephone answering 

during non-business hours. 
• Publish home telephone and beeper telephone 

numbers on business cards. 
• Offer helpful suggestions. 
• Communicate regularly. 
• Say "thank you" in many ways. 
• Be enthusiastic. 
• Provide an e-mail address. 
• Hold a customer-appreciation day. 
• Recognize your long-tenn customers. 
• Make realistic promises. 
• Listen to the customer. 
• Respond promptly. 
• Give them a surprise. 
• Make it easy to do business with you. 
• Make your business look different. 
• Make on-the-spot decisions. 
• Create fun and excitement. 
• Introduce something new. 
• Make invoices simple, clear and easy to read. 
• Personalize all communications. 
• Show customers how to save money. 

• Answer all telephone calls. 
• Do something "extra." 
• Answer the telephone properly and do not act 

hurried. 

Other techniques to consider might be: 
• Use the right message on your answering 

equipment. 
• Get a customer to the right number or individual 

as soon as possible. 
• Do not be afraid to "walk the floors" and ask 

customers for their feedback. 
• Greet your customers. 
• Genuinely ask questions. Take notes and provide 

feedback as appropriate. 
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• Listen to customer's words, tone, and body 
language. 

• Help your customer get what he/she wants, help 
him/her to problem solve. 

• Thank customers and invite them back. 
• Get to the point. 
• Give the customers more than they expect and 

treat them better than they deserve. 
• Value your customers .... show them. Do not 

minimize a customer. Respect your customers. 



The above tools for increasing customer loyalty may be helpful individually, but it takes using a number of them at 
the same time to make a significant impact. Although there are many more possibilities for strengthening 

· customer loyalty, taking action is essential. If you do not take the steps necessary to capture the customer's loyalty, 
you can be sure that a competitor will. 

SUMMARY AND CONCLUSION 

Given the competitive nature of business, discovering ways to quickly respond to the marketplace is crucial. To 
· succeed, companies need to find ways to implement new programs/products quickly and efficiently in order to 

address customer needs in a timely manner. Also, many companies spend large sums of money delivering services 
that provide little or no payoff because they do not understand which aspects of service are important and drive 
customer loyalty. In conclusion, the basis of this paper is to focus on quality customer service and the creation of 
quality customer service programs that will be successful for organizations. Customer service programs will 
benefit from understanding customer loyalty and needs, understanding the cost of losing customers, and knowing 
techniques, key ingredients which can improve customer service dramatically. 
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MULTIMEDIA IN ENGINEERING TECHNOLOGY CURRICULUM: Dos and Dou'ts 

'ABSTRACT 

Andrzcj Gapinski, Associate Professor 
Engineering 

Penn State University-Fayette 
Uniontown, PA 15401 

Phone:412-4304239 Fax: 412-4304184 Email: ajg2@psu.edu 

Multimedia tools arc relatively new instruments in pedago!:,,y. Has new technology substantiated the high 
expectation'! The author shares his experiences of using multimedia tools in engineering tcchnolo!:,,y 
program. Some of the dos and don'ts of effective class applications arc addressed. 
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INTRODUCTION 

The multimedia educational software enriched the repertoire of available teaching tools at instructor's 
disposal. Instructors got new tools and no longer were left behind by fast changing technology. The arrival 
of new technologies was a welcome event for pedagogy in the light of the fact that incoming students, 
MTV-generation, frequently are computer literate and intuitively expect a new, nontraditional way of 
learning. The literature reports already an extensive list of multimedia applications in a classroom. 1

-
6 

The educational community began to embrace the new technolO!,,Y with an expectation for improvement 
i11 teaching/learning effectiveness. While some teachers were enthused with opportunities created by new 
tools, some others look at new technology with suspicion. On one end of spectrum, some feel that 
effectiveness of teaching/learning processes will be improved automatically with the use technolO!:,,Y, on 
the other end, some may think that the great promise of high-tech learning too often seems unfulfilled.7 

The truth probably lies in between. TechnolO!,,Y can improve learning processes, but only when 
acc~m1panied by serious planning and the right implementation of pedagogical methodologies. 

CHOOSE A SINGLE TEACHING OBJECTIVE 

As more and more tools are available to the teacher, one can easily go overboard with the applications. 
Excessive reliance on visually nice imagery can be detrimental to the understanding of the discussed 
concepts. For example, when technical aspects were covered in microprocessors class, students were 
complai"ning about complexity and a vast amount of information covered by projected slides. Thus 
instead of tryi~1g to cover the whole selected material using multimedia tools, one should choose the single 
topic or i·ather limited in scope, teaching objective. As a next step, one should choose the appropriate 
teaching/learning methodologies to achieve selected goal. Multimedia may or may not be the part of it. In 
engineering, the !,>Taphical teaching tools are best suited for presentation of multidimensional, time-based 
interdependence. Some examples may cover: vector analysis, electro-mechanical concepts, timing 
diagrams, etc. In a recently offered course, Introduction to Local Area Networks, students were using 
multimedia tutorials and presentations which included animations to illustrate LAN protocols' data 

8 . 
trans fer .'· 

BE A WARE OF VARIOUS LEARNING STYLES OF YOUR STUDENTS 

Recent 11edagogical research stresses the importance of teaching/learning styles in educational processes. 
9· 10 S J . l 1 . l . l 1 · 1 l . l. tu cnts, m genera , may 1ave various earnmg sty es w 11c 1 may not mate 1 mstructor's teac 1111g 
modes. The Felder-Silvennan9 model classifies students as: sensing or intuitive, visual or verbal, 
inductive or deductive, active or passive, sequential or global learners. Furthermore, body of literature 
points out the advantages of collaboration in a learning process. An instructor should employ collaborative 
format as often as it is possible. Instead of "stuffy" lectures one should incorporate collaborati011 am011g 
students. 

Tell me and I'll probablyforget. 
Show me and I mav remember. 

- 11 
Let me do it. and I'// never.forget. 

Current technology allows one to create interactive multimedia tutorials which force students to 
collaborate (laboratory sessions can be designed in that way) and learn in less threatening environment. 
The knowledge how the student actually processes the information may help the instructor to structure 
and presennhe material in more effective way. Thus, by changing the teaching style the teaching 
effectiveness can be improved. 
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NEW TOOLS ALLOW AN INSTRUCTOR TO CHALLENGE STUDENTS' MISCONCEPTIONS 
MORE EFFECTIVELY 

Mestre 12 reports that the learning process sometimes fails due to the fact that teachers ignore learners' 
pre-conception about the studied subject. Especially in science and engineering students very often have 
preconceived erroneous ideas prior to class exposure to the topic. Thus, an effective instructor has to not 
only present new ideas successfully, but also to challenge students' misconceptions. It is not easy to do 
because students became emotionally attached to their erroneous understanding of covered concepts. 
New technological multimedia tools come to the rescue in allowing an instructor to appeal to multisensory 
receptors of students, and thus to challenge the misconceptions more effectively. In the process students 
have to question their own knowledge and de-attached themselves from previous false knowledge . 

INSTRUCTOR: A LEARNER AND A FACILITATOR 

He who learns but does 1101 think is los1! 
He who 1hi11ks bu! does no/ learn is in greal danger! 

· Co,!fi,cius 

New technological tools allow the teacher to present the material in new, often more interesting way to 
students. Since it is a known psychological fact that the more interesting "thing" is, the more motivation 
one has pursuing, it would follow that new educational tools should improve learning processes with 
respect to effectiveness. Bulkelcy,7 fi,611.tre 1, report s significantly increased high-school student 
im>tivation reported by teachers when evaluating the impact of the use of computers on students. The 
argument, certainly, can be extended to college level instructions. The instructor, though, mus-t be open
mindcd, willing to invest time and learn new things. New technology allows instructor to change his role 
from a "talking head" into a facilitator who creates environment of active, collaborative learning. The 
system has to reward the instructors who are willing to take the risk of pedagogical experimentations. 
Clearly, the research universities have to change the procedures of granting tenure, purely on research 
based achievements and incorporate the pedagogy at least as equal, if not more important, factor. 13

·
14 

CONCLUSION 

The new teclmological tools at teacher's disposal are not a cure-all panacea for all educational problems. 
These tools should be used wisely to address specific instructional problems. The success of 
implementation depends not only on instructor's time expenditure but predominantly on how well new 
tools arc incorporated in overall educational process. Multimedia tools offer an opportunity for an 
instructor to present material in a more attractive way to students (figures 2&3). Old methods of teaching, 
passive information transfer, should be replaced by an active, collaborative approach if possible, where 
students can learn more effectively in less thre,t5ning environment. But there are some pitfalls or hidden 
traps along the way. For example, Rothenberg points out the decline in the quality of the students' 
writing since the incorpl>ration of World-Wide Web as the research tool. Proper methodologies have to 
be selected to meet teaching objectives and that requires improved knowledge on instructor side about 
more sophisticated learning environment. An instructor has to be open to the new ways of doing things 
and be wilfing to take the risk of pedagogical experimentation. 
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STUDENT PERCEPTIONS OF THE INTERNET AS THE PRIMARY SOURCE OF COURSE 
INFORMATION 

Warren A. Beatty, Ph.D. 
University of South Alabama 

ABSTRACT 

The Internet has created a new opportunity for communications between professor and student. By placing all 
course information on an Internet homepage, professors can eliminate printed handouts. While this is convenient to 
professors, it may not be perceived favorably by students. The lack of the printed handouts, the requirement to use 
the Internet, and lack of convenient Internet access may affect student acceptance of the new communications 
medium. This research investigates student satisfaction with the Internet as the primary source of course 
information. Both undergraduate and graduate students were included in the research. The research found that a 
majority of students, both undergraduate and graduate, are satisfied with the Internet as the primary source of course 
information. However, students without convenient Internet access expressed lower levels of satisfaction than 
students with convenient access. 

INTRODUCTION 

The Internet has created a new communications medium between professor and student in the modem university 
environment. It is now possible for a professor to make course information, such as syllabi, course assignments, 
examples, sample examinations, and other course reference materials available to students on an Internet homepage. 
Students can then reference the materials at any time, from any location, at their convenience. Students who 
misplace referenced materials can quickly and easily access the materials for replacements. There is.no doubt that, 
as a method of providing student access to course information, the Internet is without peer. 

With this access comes a major shift in one of the professor-student communications paradigms. Students have 
traditionally relied upon "handouts" from professors. Course syllabi, assignments, and other materials were either 
provided by the professors, or made available for students to copy through the university library or other copy 
source. This paper based communications process can now be replaced by electronic communications. 

Questions arise concerning student acceptance of the Internet as the only source of course materials. How do 
students perceive materials in electronic form instead of paper form. True, the materials can be easily printed, but 
the basic action of receiving paper from professors has changed. Is the new communications method acceptable to 
students? Do they favor receiving materials from the Internet, or do they find value in receiving materials directly 
from professors? 

This communications paradigm shift, for all its promise of convenience, is not without some potential for problems. 
Chief among them is the lack of access to the Internet. While Internet access is becoming more widely available 
and inexpensive, it is by no means universally available. Hoffman, Kalsbeek, and Novak [2] estimated in 1996 that 
36.8 million Americans (approximately 15%) have Internet access in some form. Most universities now provide 
student access to the Internet. Still, having course materials exclusively on the Internet could cause problems for 
students without convenient access. 

The lack of universal Internet access raises questions about student attitudes. Do students have a favorable attitude 
toward Internet access to course materials? Is there a difference in the acceptance rate between graduate and 
undergraduate students? Do students with convenient Internet access differ in their acceptance from students who 
must use university resources? 

This research provides some insights into the student acceptance of course materials when they are available 
primarily on the Internet. It examines characteristics of acceptance rates between undergraduate and graduate 
students, between students with home and/or business Internet access and students who must rely upon university 
resources, and the overall students' acceptance of a "paperless" course. 
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UTILIZATION OF TECHNOLOGY IN EDUCATION 

McClintock [ 5] describes a computer based education system as, 
"having all intellectual contents and pedagogical resources available to all students agd teachers at all 
times, and those materials will be much more extensive and complex than they currently are. Together 
these two changes will shatter the implementation constraints of the print-based system. As these 
constraints disappear, the span of pedagogical possibility will change. What people will be able to learn, 
what they will need to learn, and how they learn will shift significantly." 

What McClintock is suggesting is that availability of resources will have a significant positive effect on the learning 
process. Availability of resources when and where students they want them will enhance learning. He states, 

"Three concepts will be key in the discussion: asynchronous space and time, responsive environments, 
and virtual reconstruction. By asynchronous space and time, we mean the ability of people to 
communicate easily with each other. By responsive environment, we mean the ability to endow spaces 
and periods with an electronic responsiveness to the particular people in them. By virtual reconstruction, 
we mean the ability to use interactive multimedia components to redesign and reconfigure the human 
experience of existing physical spaces without having to make physical, structural changes in buildings." 

The Internet has the capability to transform the pedagogical experience. It has the ability to alter asynchronous 
space through quick and easy worldwide communications. It provides a responsive environment. Information can 
be retrieved from anywhere in a matter of seconds or minutes. It is literally a virtual reconstruction of the library 
concept because it provides access to information traditionally housed in libraries from the convenience of a 
computer. There is no doubt that the Internet can, as McClintock suggests, "change the way schools work." 

Means [ 4] focused research on the context of learning while utilizing technology rather than on specific models of 
delivery. He examined how the technology, when combined with other aspects of classroom teaching, enhanced the 
learning process. The research showed positive relationships between the use of a combination of teaching media 
and student achievement. Another important factor was the degree to which students, when utilizing structured 
activities that utilize technology, were able to undertake responsibilities for their own learning. The use of 
technology enhanced the student learning process. 

Berge's [ 1] research supports these findings. He states, "In essence, learning involves two types of interaction: 
interaction with content and interpersonal interaction (i.e., interaction with other people). Both are critical in many 

. types of learning." Berge suggests that different interactions enhance the student learning process. Having 
computer-based access to course materials is one way to improve learning. Berge further states that the 
interpersonal interaction isn't necessarily "face to face." The professor-student interaction can be independent of 

. time and place. When the interaction is not personal, professors should be aware of the nature of the materials that 
the students access. The higher the content density, the more responsibility the student assumes for self-motivation 
and self-pacing. High-density content may be better delivered via a web site, which may be referenced repeatedly at 
the students' convenience. This suggests that students will find complex course material easier to access and 
understand. The ability to revisit the web site further facilitates student learning because the material is never "lost." 
Any misplaced materials can be easily reproduced, providing a high level of convenience for students. 

Research into how students utilize technology to enhance the learning process suggests that the use of an Internet 
homepage as a source of course information will yield positive results. This study examines the results of the 
utilization of an Internet homepage as the primary source of course information. Both graduate 'and undergraduate 
students are included in the research. 

THE RESEARCH HYPOTHESES 

If McClinfock, Berge, and Means research are correct, then students should positively embrace the new 
communications paradigm. The responses should be positive with respect to utilizing the Internet homepage as the 
primary source of course information. Students should exhibit high levels of satisfaction. 

Hl: Students will be satisfied with the Internet Homepage as the primary source of course information. 
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Since undergraduate and graduate courses are conducted in a similar manner with respect to material dissemination, 
there should be no difference in the levels of satisfaction expressed by the graduate students when compared to the 
undergraduate students. 

H2: Graduate and Undergraduate students will exhibit similar levels of satisfaction with the Internet 
Homepage as the primary source of course information. 

Since access to the Internet is required in order to retrieve the course information, those students who do not have 
home and/or business access must utilize the College of Business computer laboratories, located in the College of 
Business building. The laboratories at the University of South Alabama are open every day for a total of about 90 
hours per week. Students must come to the laboratories when open to access the Internet. Because of this 
"inconvenience" as compared to home/business access, students who have to use the laboratories will not be as 
satisfied as students with home/business access. 

H3: Students with home/business Internet access will have higher levels of satisfaction with the Internet as 
the primary source of course information. 

THE INTERNET HOMEPAGE 

The Internet homepage used is the author's academic homepage. The page is designed to provide student access to 
general information, such as office number and office hours, as well as information about courses being taught each 
academic quarter. Each course being taught has an entry in the list of options. Each course entry has three types of 
information: course syllabus, quarter assignments and information to supplement the course texts, and sample 
examinations. The homepage is updated each quarter for courses being taught that quarter, as well as the 
assignments, supplemental material, and-sample exams for that quarter. Any changes, additions, or deletions during 
the quarter were announced during class and the students are encouraged to retrieve the updated materials. The 
author's homepage address is: http://bms.usouthal.edu/wbeatty/index.htm 

DATA COLLECTION 

The University of South Alabama College of Business conducts faculty evaluations each quarter, usually one or two 
weeks before the end of each quarter. In addition to the evaluation forms provided by the College of Business, the 
author distributed a questionnaire designed to ascertain the opinions of the students regarding the use of the Internet 
homepage as the primary source of course information. The questionnaire is provided in the appendix. 

The questionnaire focuses upon three categories of information: course syllabus, sample examinations and solutions, 
and supplemental course materials. Students were asked to rate their levels of satisfaction with the availability of 
these course materials on the Internet homepage as compared to the more traditional paper handouts. Students were 
also asked about their sources of Internet access. The questionnaires were di_stributed at the same time as the 
College of Business questionnaires, but they were collected separately by the author and stored for compilation at 
the end of the quarter. The questionnaire about the Internet did not attempt to measure student satisfaction with the 
course, its topical contents, or the professor. 

The questionnaire has been administered for the past five quarters (Fall, 1996, Winter, Spring, Summer, Fall, 1997) 
to both undergraduate and graduate -classes. There were a total of seven graduate courses and three undergraduate 
courses. Participation was voluntary, and the responses were anonymous. A total of 205 usaqle questionnaires 
were returned, ·156 from the graduate classes and 49 from the undergraduate classes. · 

RESEARCH RESULTS 

The results of the student questionnaires are illustrated in t.\1e series of Chi-Square contingency tables developed 
using Microsoft Excel. Each table addresses one research hypothesis. The spreadsheet is_ available from the author. 

The first contingency table examines the overall levels of satisfaction with the Internet homepage as the primary 
source of course information. · 
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Very 
Dissatisfied 

21 

Table 1 
Overall Satisfaction with Internet Homepage 

as Primary Source of Course Information 

Dissatisfied 
33 

Equal 
12 

Satisfied 
89 

Very 
Satisfied 

50 

If we assume that the students' satisfaction levels are uniformly distributed, we would expect a total of 41 
observations in each category (205/5). The calculated Chi-square value for the distribution of satisfaction levels in 

. the table above is 90.0. The probability of this value, assuming a uniform satisfaction distribution, is 1.3 lE-18. 
Therefore we can conclude that the observe~ satisfaction levels are not uniformly distributed. Examination of the 
satisfaction levels indicates that 67.8% of the students are either "Satisfied" or "Very Satisfied," while only 26.3% 
were either "Dissatisfied" or "Very Dissatisfied." These percentages indicate that students are satisfied with the 
Internet homepage as the primary source for course materials. The first research Hypothesis is supported. 

The second contingency table examines the levels of satisfaction by course classification. Undergraduate and 
graduate students' satisfaction levels are compared. 

Undergraduate 
Graduate 

Table 2 
Levels of Satisfaction by Course Classification 

Very 
Dissatisfied 

7 
14 

Dissatisfied 
9 

24 

Equal 
5 
7 

Satisfied 
21 
68 

Very 
Satisfied 

7 
43 

If we assume that the course classification has no effect on the levels of satisfaction between the undergraduate and 
graduate students, we would expect the percentage of the observations for each level of satisfaction to be relatively 
equal. The calculated Chi-square value for the contingency table is 6.01, and the probability is .198. We can 
conclude that there i,s no difference in levels of satisfaction between the undergraduate and graduate students. Both 
groups of students are equally satisfied. The second research hypothesis is supported. 

The third cont_ingency table examines the levels of satisfaction by the source of Internet access. A majority of the 
students (76.6%) have Internet access either at home or at their place of business. Students without home/business 
access must utilize the .computer laboratories located in the College of Business. 

Home/Business 
College Laboratory 

Table 3 
Levels of Satisfaction by Source of Access 

Very 
· Dissatisfied 

9 
6 

Dissatisfied 
5 

12 

Equal 
3 
8 

Satisfied 
77 
11 

Very 
Satisfied 

44 
5 

We would expect that students without home and/or business Internet access to express higher percentages of 
· dissatisfaction than students with home and/or business Internet access. The calculated Chi-square value for this 

contingency table is 49.04. The probability of this value, assuming no difference in satisfaction percentages, is 
5.71E-10. The observed satisfaction levels are not uniformly distributed. Examination of the satisf~ction levels 
indicates that 38.1 % of the students without home/business access were either very satisfied or satisfied. However, 
87. 7% of the students with home/business access were either satisfied or very satisfied. We can see from the 
percentage differences that the students with home/business access were significantly more satisfied than students 
without home/business access. 
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CONCLUSIONS 

Students responded favorably to the Internet as the primary source of course materials. Almost 68% of the students 
responded as being either satisfied or very satisfied with the source of the materials. This high satisfaction level 
indicates that students welcome the accessibility and convenience of the Internet and will continue to utilize it in the 
future. 

The uniform levels of satisfaction between undergraduate and graduate students indicate that the use of the Internet 
is appropriate for both levels of courses. The Internet homepage is appropriate as a primary source of information 
for all levels of courses. Both undergraduate and graduate students will find the Internet homepage a useful and 
satisfactory source of information. 

The research indicates a significant relationship between student satisfaction and ease of access. This is to be 
expected since students without home and/or business access must make a specific effort to go to a computer 
laboratory in order to retrieve the information. While it is an unfortunate fact of life that all students cannot afford 
home/business access, Internet access is becoming less expensive and more widely available. Current trends 
suggest that future university students will have more and easier Internet access, indicating that while the Internet is 
not now universally accepted, it will become more so in the future. Research results indicate that an Internet 
homepage as a communications tool is definitely going to be an effective tool in the future. 

RECOMMENDATIONS 

This research indicates that the use of an Internet homepage as a primary source of course information is viable. 
Students accept the source with a high level of satisfaction. This acceptance suggests that professors, particularly 
those who have office computers with Internet access, begin to utilize the Internet as a source of course information. 
The availability of the materials and the technological interaction can enhance the student's learning experience and 
increase his or her satisfaction with courses through convenient access to information. 

Two personal recommendations are offered. First, start slowly. Make your homepage relatively simple and easy to 
maintain. It is amazing how quickly they become complex and voluminous. Student demands for more and more 
information tend to drive the content. The homepage can become unmanageable in a short time. Second, in an 
effort to provide convenient access to all students, try to schedule some class time in a computer laboratory. This 
provides easy access for students without home/business access and probably increases the satisfaction levels. 

One final recommendation is in order. Anyone considering the development and use of a homepage should read 
Blake Ives'[3] "The Internet, the Web, and the Academic: How Some Move and Why Some Do Not," which can be 
found at http://www.cox.smu.edu/mis/talks/ecis96.html. Dr. Ives succinctly explains the responsibilities of 
homepage developers who use them as a source of information. The efforts to keep them current can and does 
become significant. While the Internet homepage is an excellent communications tool, it is also a lot of work and a 
significant responsibility. Don't think that you can simply place information on the homepage at the beginning of 
each quarter and forget it. They are truly living entities that require constant attention. 
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APPENDIX 
, Questionnaire used to ascertain student attitudes toward use of the Internet as a primary source of course 
information. 

Please circle your responses 

Course __________ _ 

1. How satisfied are you with having the course syllabus, supplemental information, and example examinations 
available on the Internet homepage as opposed to traditional printed handouts? ( circle one) 

Very Dissatisfied Dissatisfied Neutral Satisfied Very Satisfied 

2. Your prima~y source oflntemet access is through: (circle one) 

Home Access Business Access College of Business Computer Classrooms 
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ANIMATED SIMULATION OF A DYNAMIC JOB SHOP SCHEDULER 

ABSTRACT 

Wade H. Shaw and Y. Eric Li 
College of Engineering 

Florida Institute of Technology 
Melbourne, Florida 32901 

In this paper we demonstrate the construction of an animated simulation model to render the dynamic behavior of a 
job shop using state dependent scheduling heuristics. Workstations are allowed to bi;eak down and a preventative 
maintenance program is included. We animate three levels of detail in the job shop: the high level flow of jobs in a 
IO work center shop, the job prioritization and flow within a single workstation, and a detailed look at the 
performance of the scheduling algorithms. We indicate in real-time the time in system and lateness for the shop, and 
the individual workstation WIP and maintenance status. We have found that complex scheduling heuristics that are 
dependent on the state of the entire job shop are best understood when the algorithms are rendered to illuminate the 
behavior of the rule and it's effect on the job. We introduce a new heuristic that only relies on the anticipated state 
of the workstations. 

INTRODUCTION 

Animations and visualizations of complex systems provide considerable insights that are not available in traditional 
statistical summaries. In this paper we discuss how we used animation to understand the complex behavior of a job 
shop where jobs are routed through a network of work centers [7,8]. This problem has been studied.extensively in 
the literature and many heuristics have been proposed. We consider the class of heuristics that make use of 
knowledge of the state of the job shop in addition to information about the job. For example, we have presented 
elsewhere [4] the results of research that investigated the use of downstream queue delay and congestion 
information in prioritizing a queue of jobs at an arbitrary work center. 

The purpose of this paper is to share our experience and results of applying visual interactive simulation to the job 
shop scheduling problem. Specifically, we show· three levels of animation that begin with the high-level shop floor 
vantage point. In this visualization, we render the flow of jobs through the shop and the various state variables of 
interest as well as the summary measures of shop performance such as time in the system (TIS). The second level 
animation concerns the activity of an individual workstation as jobs are prioritized and sorted in the queue to yield a 
candidate job for processing. The machine breakdown and maintenance cycles are animated and summary measures 
of workstation performance are depicted. In the lowest level animation, the mathematical algorithm is rendered to 
visualize the operations taking place as complex events in the job shop impact the scheduling heuristic. Each level 
of animation is useful as we verify and validate our model. 

A Modeling Perspective 

A fundamental observation concerning visualization of simulation models is that animation is a natural extension of 
the event-oriented structure of simulation code. Figure I depicts our modeling perspective where a problem domain 
of interest provides some kind of requirements for model building. Typically, a problem is a .departure from 
expectation or it is our desire to understand some feature of interest. The first step is typically to develop a process 
model to organize the input variables, the output variables, and the environmental variables. This engineering model 
is focused on our perception of cause and effect and may be quite complex and contain many factors. We might 
think of this model as a structural model where the constraints and requirements are made clear. Usually, the 
process model is then recast -in mathematical terms for manipulation. This may be structural equations, 
relationships, graphics, or statistical models. In cases where simulation is used, the mathematics does not lead to 
convenient solution so the process model and its mathematical form are converted to event space where samples of 
the process are used to estimate features of the problem. Simulation models are frequently described as discrete 
event models, continuous models or network models. In any case, the basic idea is to develop an experimental 

269 



model that can be manipulated to extract samples of behavior. The event .space model produces organized data sets 
of events relative to elapsed time. This event space can then be mapped to actions which are rendered in an action 
space to allow visualization of motion, flow, state change or computation. Action space can include use of colors, 
indicators, icons, text, or motion to render the events that are transpiring in the event-oriented simulation. We 
believe that the action space is directly comparable to the process model that led to the sim4b1tion. The action space 
can be used to reconnect the process engineering model to the problem domain. We show later in this paper how 
we used the action space to render the dynamic behavior of a job shop to extend our understanding of the underlying 
physics of the process and the mathematics involved in prioritizing the queues. 

rocess Model (Engineering) 

State Space Model (Math) 

Event Space Model (Simulation) 

Action Space Model (Visualization) 

Figure 1. A Modeling Perspective 

The Job Shop Scheduling Problem 

Figure 2 shows a generic job shop as a flow of jobs through a network of workstations. The job shop scheduling 
problem has been researched for many years and has generally been focused on scheduling heuristics that depend on 

• features of the individual jobs [1 ,2,3,5,7,8]. For example, shortest processing time, SPT, is known to perform well 
in terms of minimizing flow time and only makes use of the estimated workstation time to process jobs in its queue. 
We have been studying a relatively new approach to scheduling that makes use of informatiQn regarding the state of 
the shop . . For example, we might look downstream from the queue under consideration and ask how much expected 
delay remains for eachjob in the queue. This would require us to know the routing of each job and estimate the 
current backlog at each .downstream workstation. Many possible heuristics could be proposed that would make use 
of state variable knowledge. 

► Jobs 
► Products 

Figure 2. The Job Shop Problem 
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The Role of Dynamic Scheduling Rules 

We refer to heuristics that use state knowledge as "dynamic scheduling" because changes in job shop state can 
change the priority of a job while it waits its tum in a queue. A simulation model is a convenient method to test 
these dynamic schedules since the state of the shop is maintained as part of the event structure and the state can 
readily be determined. Basically, at each completion of a job at a work center, the simulation must compute all 
relevant state calculations for each job in its queue and select a job with the highest priority. Then, as other 
workstations do the same, and as the shop state changes, each job is re-sequenced according to the state of the shop 
when it is available for processing. This leads to complex and intricate prioritization schemes which have behaviors 
that are not intuitive. 

The Role of Simulation 

The simulation tool that we chose was Visual SLAM [6]. This language is mature and widely used in a large variety 
of problem domains. The recent release of the AweSim toolset [6] includes animation tools for standard PCs and we 
were able to build network models of a 10 workstation job shop with stochastic routing. We provided for 
workstation breakdown and preventative maintenance in order to build a realistic model and to include the periodic 
outage of a work center into the animation .. 

METHOD 

Simulation basically provides a sample of jobs that are introduced into the job shop. Each work center is simulated 
independently and the various routines that perform the state variable mathematics are shared by the 10 work 
centers. Jobs flow through the shop based on a random routing sequence and each work center schedules its actions 
based upon a specified heuristic. Our model allows us to set the heuristic with variable within the model and we 

· include several popular heuristics in our library. We show the results of our experimental procedures and results in 
[4]. The event space simulation is used to produce animations that are both rendered during model execution and 
saved for post-processing animation. Key events are used in the simulation to initiate motion of jobs and to update 
statistical tables. We animate probability density functions for features such as time in system and we display real 
time plots of maintenance cycles and job lateness. 

Levels of Animation 

We found that a single visualization of the job shop was not realistic -- too many things are happening in the model 
to attempt simultaneous display. So, we elected to render three independent animations of distinctly different 
elements of the job shop. 

In Figure 3 we show the high level animation of the job shop. Jobs are icons that flow through a receiving and 
distribution area to one of 10 workstations. Workstations receive and queue jobs, are interrupted by preventative 
maintenance crews, and break down. The status of the workstation is shown be a colored indicator. The density 
function for flow time and a plot of job lateness is shown in graphics on the bottom of the screen. During animation 
the job icons move between workstations, WIP builds and recedes, the workstations break down and are repaired, 
and the summary statistical plots are updated. Our goal with this animation is to allow the action space to be played 
on a CAD drawing of an actual floor plan. Once the workstation locations are determined and the flow paths are 
established, the job shop can easily be configured for an arbitrary floor plan. 
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Lateness TIS (PDF) 

Figure 3. Shop Level Animation 

In Figure· 4 we show the animation of a single workstation. Jobs flow into a holding area where they are routed 
through a "scheduler" to select the highest priority job. Remaining jobs flow back into the holding area and are 
joined by jobs arriving to the workstation. The workstation status is shown be the color of the workstation. The 
preventative maintenance crew periodically arrives to service the workstation and a gremlin appears to denote 
machine failure based on a MTBF. Plots of TIS, maintenance cycles, queue length and the PDF for TIS are also 
shown. It is important to note that in the simulation no job motion or flow is occurring with~n the workstation .. We 
introduce job flow in this animation in order to depict the activity that is happening in the workstation. 

Simulation or a 
Dyamically Scheduled 
Work Center 

Workstation 
Queue 

Schedule Jobs 

Maintenance 
Crew 

20 L·7 ···-- I ! 
l .- . .i 

-i . . ~;· · .. ~l:"\. 

0 0 
Job-Time p M. and B.D . V.S. 

Process Time 
Jobs in the 
Wainting Queue 

Figure 4. Workstation Level Animation 
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In Figure 5 we show a rendering of the job prioritization process. This animation depicts the sorting process where 
the scheduling algorithm sequences jobs in a workstation queue. We use the analogy of a race where each job's 
priority is established by the order that it crosses the finish line in an imaginary race with other eligible jobs. This 
analogy conveniently displays the effect of the scheduling heuristic and the interaction among the jobs becomes 
apparent as each race completes and the state of the job shop influences the next "winner". During the race new jobs 
may arrive and become participants in the next race. Clearly, this activity does not really happen in a job shop. We 
found that the intricate nature of mathematical algorithms did not easily yield to visualization and that analogies like 
the race course supplied a structural model that could be rendered. 

0 

26.897 
Heuristic 1. FIFO-G 4. AAWINQ 7. SPT-G 
Applied 2. SPT-L 5. MST 8. FIFO-L 

\!l~iftif.i,1ldOO;ilM'.iifi 3. EDD 6. PMBD 

Figure 5. Sequencing Algorithm Animation 

RESULTS 

Model Verification and Validation 

The use of visualization definitely improved our ability to verify the simulation model. We uncovered modeling 
errors that were simple logic mistakes in our code. We were able to modify code segments and quickly understand 
the impact of our changes. Model validation improved by viewing the high level flow of jobs through the job shop 
to ensure the face validity of the model. It is noteworthy that the animations and visualizations improved and · 
matured much like our overall model. The animations shown here are the finalized versions that correspond to our 
completed research effort. Our early animations were simpler and often used only to visualiz~ a specific aspect of 
our model. · 

New Insights 

An unexpected and highly useful result of our visualization efforts was the "discovery" of a proposed scheduling 
heuristic that was uncovered by observing the animations. ·since we allow workstations to break down and also be 
subject to preventive maintenance, we observed that a possible scheduling rule might be to look downstream to 
determine the predicted time to fail of workstations in a job's path. The state knowledge was a combination of 
reliability modeling and maintaining failure data as part of the job shop state. This insight led to a heuristic that 
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perfonned quite well and we refer to it as the PMBD (Preventive Maintenance - Break Down) rule. We found that 
scheduling could be performed quite well using only workstation information. This is a significant contribution 
since the availability of workstation reliability and maintenance data is typically available and relatively easy to 
store. The conventional approach of relying on due dates, processing time or slack requires estimates for each job in 
the shop at each workstation. The PMBD rule performed quite well and in mid-range loading,-0f the shop could not 
be statistically distinguished from SPT. Another desirable property of PMBD is its ability to maintain flow even 
when a set of workstations is broken down. The heuristic effectively routes jobs around bottlenecks that exist or are 
anticipated due to proximity to a predicted failure time. 

Improved Communication 

The complexity of scheduling in a job shop has been documented many times and our experience was no exception. 
Our visualizations did allow us to describe our work to people not familiar with the literature so that the general 
nature of the problem was clear to them. The performance comparison of the heuristics was much easier to grasp 
when an animation of the job shop was presented along with statistical summaries. 

CONCLUSION 

In this paper we have shown the results of efforts to use interactive visual simulation technology to render the 
complex dynamics of a job shop scheduling process. Animation was used to depict three distinct levels of the job 
shop scheduling problem ranging from the shop floor level, to the individual workstation, and then to the actual 
scheduling algorithms used to prioritize jobs in the queue. We found that animated models improved our ability to 
verify and validate the simulation model and also aided our understanding of the processes at work in the scheduling 
problem. Visualization of the job shop actually suggested improved heuristics that resulted in very good 
perfonnance compared to traditional scheduling approaches. The visualization of mathematical algorithms proved 
challenging but by using analogies, we were able to view the dynamics of complex algorithms. We believe that the 
animation of algorithms is a worthwhile discipline to pursue and this opens up an interesting area of simulation 
modeling. In summary, we were pleased with the capabilities of PC-based animation and the benefits of the 
technology far outweighed the cost and effort. 
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A RISK PRIORITY SCHEME BASED ON IMPACT ON PROJECT COST AND SCHEDCJLES 

ABSTRACT 

Muzaffar A. Shaikh, Ph.D. 
Florida Institute of Technology 

Melbourne, FL 32901 

This paper presents a method to prioritize risks that impact project costs and schedules. Establishment of 
risk priorities should be a necessary first step of the risk mitigation process. Without a quantitative priority 
scheme, risk management analysts may end up mitigating risks that are not important relative to other risks, 
which if not mitigated in time, may have a significantly worse impact on project cost and schedule. 

Besides rank-ordering risks, the method discussed in this paper also computes the incremental impact of 
each risk in terms of dollar amount and delay (in months) on project cost and schedule respectively. These 
incremental impacts can, in turn, be used to determine the overall expected cost and schedule. 

Finally, the method also discusses a risk-positioning ch~ which plots cost weight versus schedule weight 
for each risk, thus depicting each risk's position with respect to others in terms of their importance. 

1.0 INTRODUCTION 

Often, ad hoc methods are employed in establishing priorities that determine the mitigation order- of project 
risks. This causes emphasis on less imponant risks from the stand point of their impact on project cost and 
schedule, thus leaving less ( or none at all) time and risk budget to concentrate on other major risks which 
have significantly adverse effect on project cost and schedule. 

The method proposed in this paper uses a rather simplistic but practical concept in establishing the risk 
priority order. Also, using numeric estimates instead of purely qualitative data minimizes subjectivity. The 
EXCEL-based method can be used to determine risk rankings based on cost scores, schedule scores, and/or 
combined cost and schedule scores. If risk rankings are consistent across all three criteria, it suggests a 
strong priority order in which risks need to be mitigated. If the rank order is inconsistent for certain risks, it 
suggests further study of these risks before deciding on mitigation scheme. Finally, if the management 
decides on one specific criterion, say cos~ then rank ordering under Cost can be used. 

In a practical sense, occurrence probabilities and/or cost and schedule ratings may change from time to time 
during the life of a project. The proposed method facilitates determination of the impact of these changes 
on risk rankings. Also, sensitivity analysis can be performed by trying out different combinations of input 
parameters before the actual mitigation process. 

2.0 RISK PRIORITIZATION METHOD 

Figure 1 shows the .risk prioritization process, which essentially consists of a set of sequential steps. The 
method used in the process first calculates cost and schedule weights for each risk and then uses these 
weights to compute overall weights for each risk. These weights become the basis to rank-order risks. 
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Let: n = Number of risks associated with the project 
Ri = Risk i. i = l.2 .... . n 
pi = Probability of occurrence of Risk i, i= 1,2, . .. , n 
Ci = Consequence or impact of Risk i on cost i using a predefined scale, 

· i = 1,2 .. . . , n 
Si = Consequence or impact of Risk ion schedule i using a predefined scale, 

i = 1.2 .... , n 
CSi = Combined probability and cost rating score, i = 1,2 •... , n . 
SSi = Combined probability and cost rating score, i = 1,2, ... , n 
CWi = Cost weighting factor.corresponding to Risk, i, i = 1,2, . .. , n 
SWi = Schedule weighting factor corresponding to Risk i, i = 1,2, . . . , n 
Wi = Overall weighting factor corresponding to Risk i, i = 1,2, . .. , n 
Wfraci = Fraction of the overall weight contributed by Risk i (assuming impact of risk not 
included in original estimates of cost and schedule) 
Cfraci = Fraction of the cost weight contributed by Risk i (assuming 50% risk in the original cost 
estimate) 
Sfraci = Fraction of the schedule weight contributed by Risk i (assuming 50% risk in the original 
schedule estimate) · 
Cost Iner (i) = Increase in the original cost estimate resulting from Risk i (in millions and 
assuming impact of risks not included in the original estimate). 
Delay (i) = Delay in the original schedule estimate resulting from Risk i (in months and 
assuming impact of risks not included in the original estimate). 

Step l : Identify risks that impact project cost, schedule, and technical outcome. The project team must 
take extra precaution in defining risks so as to avoid costly corrections in later steps. 

Step 2: Defin~ a suitable scale for cost and schedule consequences of each risk. For example, Ci and Si 
scales can be defined as varying from I to 5, where I means· Least impact (i.e., a risk with a rating of I will 
cost the least or will delay the project the least) and 5 means Most impact (i.e., a risk with a rating of 5 will 
cost the most or will delay the project the most). 

Step 3: Collect input data for each risk. 

I . Assign probability of occurrence (pi) to each risk using a suitable method. 

2. Assign a-suitable cost rating (Ci) to each risk on a scale of I to 5 as defined earlier. 

3. Assign a suitable schedule rating (Si) to each risk on a scale of l to 5 as defined earlier 

Risk 

RI 
R2 

Rn 

pi 

pl 
p2 

pn 

Ci 

Cl 
C2 

Cn 

Si 

Sl 
S2 

Sn 

Step 4 : Calculate cost and schedule scores by multiplying pi by Ci and pi by Si. 

CSi = pi * Ci. i = 1,2, . .. , n 
SSi = pi * SL i = 1,2, .... n 

Step 5: Calculate cost and schedule weights (CWi and SWi) for each risk. 
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CWi = CSi I I:CSi, i = 1,2, ... , n 
SWi = SSi I ISSi, i = 1,2, ... , n 

Step 6: Calculate the overall weighting factor for each risk 

Wi = CWi * SWi, i = 1,2, ... , n 

Step 7: Rank order risks in the ascending Wi sequence. 

Step 8: Calculate Cost Iner and Delay resulting from each risk. 

Cost Iner (i) = (Prj Cst/No Risks)* CWi 
Delay (i) = (Prj Dur/No Risks)* SWi 

Step 9: Create the following plots: 

CWiVSSWi 
Wi Vs Risk i 
CWi Vs Risk i 
SWi Vs Risk i 

3.0 AN ILLUSTRATIVE EXAM:PLE 

Five risks have been identified in Proj"ect XYZ for which the project team estimated a cost of$ I 05 millions. 
The project duration is estimated at 27 months. Both the cost and schedule estimates do not reflect impact 
of risks. Table I below shows the data associated with each risk and calculations, pi. Ci, and Si , which 
represents input for each risk are used to calculate cost and schedule scores and weights. Wi represents the 
overall weight based on both the cost and schedule scores. Assuming that the original cost and schedule 
estimates of $105M and 27 months, respectively, do not include impact of risks, overall cost and schedule 
increments due to risks can be estimated. Overall cost increment and schedule delay resulting from all risks 
are estimated as follows: Overall Cost Increment = The original cost estimate/Number of risks = 105 / 5 = 
S2IM. 

Overall Schedule Delay= The original schedule estimate/ Number of risks= 27 / 5 = 5.4 Mo's. Overall 
cost increment and schedule delay are distributed among risks based on their corresponding scores. The 
Table 1, column Cost Iner contains cost increment for each 

Table 1 - Risk Priority Weights 

Risk pi a Si CSi SSi ONi SM Wi 'MrcC Orac Sfrac C.ost Ira Delay 
(Mllions) (MJ) 

R1 0.20 4.60 4.3) 0.92 0.86 0.27 0.27 0.073 0.32 1.34 1.37 3.55 0.90 
R2 0.23 3.00 3.20 0.69 0.74 0.20 0.23 0.047 0.21 1.00 1.17 2.67 0.77 
R3 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.00 0.00 0.00 0.00 0.00 
R4 0.25 2.50 5.00 0.63 1.25 0.18 0.40 0.072 0.32 0.91 1.99 2.41 1.31 
"R5 0.30 4.00 1.00 1.20 0.30 0.35 0.10 0.033 0.15 1.75 0.48 4.64 . 0.31 

Total 3.44 3.15 1.00 1.00 0.226 1.00 5.00 5.00 13.27 3.29 

Prj Cst Prj Cu NJ Rsks 
105 27 5 
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Figure 2 - Plots of Risk Priority Weights 
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Risk depending upon its CSi (cost score). Column Delay contains schedule delay for each risk depending 
upon ·its SSi (schedule score) . 

.3.1 Risk Priority Plots 

Figure 2 shows four risk priority plots that graphically demonstrate risk rank ordering. 

Cost Weight Versus Schedule Weight: Cost weight is plotted against the schedule weight for each risk in 
figure 2a: This chart is helpful in classifying risks into priority groups. Risks closer to the origin have less 
impact on the cost and schedule combine~ than those farther from it R5 and R2 are closer to the origin 
than Rl, R4, and :Ip. Wi values of 0.013 and 0.018 for R5 and R2 support this graphical observation. R5 
and R2 fall into low-risk category. R3 has the highest impact on the cost and schedule combined as 
supported by it Wi of 0.143. This means that R3 classifies into the highest-risk category with no other risk 
near it. R3 needs to be given the highest priority in terms of mitigation. Finally, Rl and R4 classify into the 
medium-risk categ9ry and they need to be addressed after R5. Drawing an envelope around all risks, 
Efficient Frontier R5-R2-R4 results for less impacting risks. 

Overall Weight By Risk: Wi is plotted against risk in figure 2b. This chart shows overall ranking of each 
risk. Smaller Wi values mean smaller impact on the cost and schedule. R5 has the smallest overall weight 
and R3 has the largest value. RI , R2, and R4 lie between R3 and R5 and closer to RS, thus suggesting that 
R3 is all by itself in a stand alone category and needs immediate attention for mitigation. 

Cost Weight By Risk: · CWi is ploned against risk in figure 2c. This chart shows ranking of each risk based 
only on the cost weight. Once again. R3 turns out to be the risk with the largest impact on the cost. Also. 
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R5 needs more attention that RI, R2, and R3 if cost alone is needs to be reduced. R4 requires the least 
attention. 

Schedule Weight By Risk: SWi is plotted against risk in figure 2d. This chart shows ranking based only on 
the schedule weight. R3, once more, turns out to be the risk with the largest impact on the schedule. R4 
needs the next level of attention with R5 requiring the least amount. 

In addition to determining which risks are most influential on the project cost and schedule, the risk analyst 
can also use_ the Risk Priority Spreadsheet and charts together in answering ·what if questions or 
performing parametric analysis. They can also be updated with recent information as risks are mitigated or 
they no longer influence project cost and/or schedule. 

Table 2 and figure 3 below illustrate what happens to the weights and priorities when input data are changed 
on RI and R4. Occurrence probabilities on both risks are increased and both the cost and schedule ratings 
on R4 are increased to determine what impact. if any, these changes will have on prioritization. Wi column 
in the table indicates that R4 has now become the most influential risk and, therefore, it needs to be paid the 

. highest attention. Priorities also have changed on other risks. 

Table 2 - Risk Priority Weights 

·--·· 

Risk pi Ci Si CSi SSi CWi SWi Wi Wfrac Cfrac _Sfrac Cost Iner . Delay .... ---··· . . -

R1 0.35_ -~-60 __ ~:~Q_ !-~) ___ 1._SJ 0.2Q __ 0.21 0.043 
·R2 ___ q_.?~ _ 3.QQ ___ $_._?.9~9'.6-~~-9.-?f o_.99- _ 0.10 . o.oos 
R3 0.~. -~_._90 5.00 ?~_QQ: ?:.9Q _0.2? __ 0.28 0.0?1 
R4 0.50 5.00 5.00 ' 2.50 ' 2.50 0.31 0.36 . 0.111 

••• ••• •• --- - • - - • • •• M• •••·•--•-- -•• • •••• --- •-.. • •·•• -••• - - • 

RS 0.30 __ 4.00 1.00 : 1.20 _0.30 __ 0'. 15 __ 0.04._ 0.006 . 
Total . ~-~-99]_9~ 1 :00 1.00 0.240 

0.18 
0.04 
0.30 
0.46 
0.03 
1.00 

(Millio~) (l\i1o) 
1.01 1.07 4.23 1.15 
0.43 0.52 1.81 0.56 
1.25 1.42 5.25 1.53 
1.56 . 1.78 6.56 1.92 
0.75 0.21 3. 15 0.23 
5.00 5.00 21.00 5.40 
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4.0 CONCLUSION 

l . Risks can be prioritized for mitigation using on a method based on their probabilities of occurrence, 
cost. and schedule ratings. · 
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2. The method can be used perform parametric analysis by changing the input parameters. This analysis 
can be useful to the risk analyst in determining which risks for example are more or less sensitive to 
c~anges in parameters. 

3. A method has been developed to calculate the cost increment and schedule delay estimates due to each 
risk. These values can be used in the recalculation [1] of overall project cost and schedule. 
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ABSTRACT 

With modem control theories and simulation, a fixed-parameter generalized predictive control model has been 
introduced to solve a real industrial problem. 

BACKGROUND 

Examples that show the application of modern control theories to industrial boilers_ are too numerous to mention 
individually. Not long after Astrom put forth the Self-Tuning Control Algorithm, some scholars had applied it to 
ship boiler control. Yet, reports about the application of modem control theory to fluided-bed boiler control are 
seldom heard. The Boiley Control Company of the United States has done certain research work into the automatic 
control in fluided-bed boiler, but they are confined to theoretical analysis and experimental stages only. Fluided
bed boiler is a new type of boiler developed in the 1980s. It adopts the pattern offluided-bed combustion and its 
prominent merit is that it can combust inferior fuels that cannot be combusted by any other combustion patterns. 
Inferior coal is commonly produced in the South, so fluided-bed boilers are widely used there. However, the 
technique of controlling the combustion process is somewhat backward. It is due to the large capacity of fluided
bed boiler and the violent combustion process. And because of the use of inferior coal and its frequent change in 
quality, the boiler becomes unstable, thus, increases the instability of mathematics matrix during the process of 
fluided-bed boiler combustion. The changes in structure and parameter are the specific phenomenon of this 
instability. The change of time-delay causes worse consequence to the control system than any other changes 
caused by the change of parameter and the conventional control system can do nothing about it. Therefore, it is 
necessary to seek for a type of controlling method other than the conventional control system. 

Recent years, some-new algorithm provide devices to solve the above problems and people have begun to apply 
those new algorithm in fluided-bed boiler control and many scholars have already made special efforts to bring it 
into actual use. Concerning time-delay, Smith Algorithm (1989) is among the earlier ones which have proved to be 
very effective in overcoming time-delay. But if the parameter of Smith Predictor and its actual target, especially the 
amount of time-delay, are imbalanced, it will cause the whole system to be unstable. This point has been explained, 
in detail, in many works and documents. This algorithm has since been developed greatly, for instance, some 
algorithm, like Adaptive Control Smith Algorithm, need changes in structure so their structure becomes more 
complicated than any others. The purpose is to keep Smith Control System working properly even after time-delay 
has been changed. In general, Smith Algorithm can be either too simple in structure and inferior in robustness or 
complex in structure and less reliable. Many scholars have made special efforts in designing and calibrating the 
parameter of the control system in order to improve its robustness under the premise of not changing the original 
structure of Smith Algorithm. Self-Tuning Control, which has been developed since 1980s, is a new algorithm. It 
is based on identification and works through computers, so it is different from traditional ones. It provides a crucial 
opportunity to end the age of "black Box." Different algorithm is in accordance with different object. In order to 
overcome the uncertainty and change of time-delay. The Predictive Control is a newly suggested algorithm. It is 
different from either traditional PID or Self-Tuning Control. There are several kinds of Predictive Control which 
are all proved to be very effective in overcoming time delay. Internal Model Control (IMC) is a prediction based 
upon target parameter model; Dynamic Matrix Control (DMC) is a prediction based on unit step; Model Algorithm 
Control (MAC) is a prediction based on unit-impulse response. The essence of these predictions is to adopt 
corresponding measures to achieve the ideal value in output through making prediction of output in certain time or 
a period of time. 
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Generalized Predictive Control (GPC) is a combination of Self-Tuning Control and the above predictive controls. It 
is a unique algorithm which has been proved very effective both theoretically and practically. But the object we are 
going to take in this article is very special and it has great difficulty in parameter identification, so we can only use 
the Generalized Predictive Control based on fixed parameter. Another algorithm to overcome time-delay is called 
Intelligent Algorithm, such as Wait-and-See Algorithm, Multi-Model Algorithm, etc. Then, how to deal with 
multi-variable system is a very important aspect in theories and practice of control. During the past years, various 
kinds of theories and methods have come into being as the result of the development. Among them, Network 
Uncoupling is the most direct and valuable method. But its obvious weak points are the complicated structure 
caused by too many variations and the less adaptability to different occasions. When the object parameter changes, 
the uncoupling network, which is based on fonner parameter design, cannot make.adaptation to this change. 
Therefore, when the structure starts to change, the uncoupling network is declared a failure. With regard to the 
multi-variable system of time-delay, one should, at first, uncouple then apply the method of how to overcome time
delay mentioned above. Obviously, it seems to be too troublesome and the former shortcomings will still remain_ 
there. Multi-variable Self-Tuning Control is a combination of network uncoupling and time-delay overcoming. An 
earlier algorithm demands that the object should have the same amount of time-delay, but it was ve1y rare in actual 
use. Later, a new algorithm permits the differences in the amount of time-delay. Their common disadvantages are: 
too many parameters need to be identified, too much time needed in operation. The latter one is even worse than 
the former one. In practical use, there exists many difficulties. Internal Model Control (IMC), which is mentioned 
above, can also be applied in multi-variable system. Based on V-Standardized design, IMC combines uncoupling 
network and overcoming time-delay together. And since no identification is ·needed, the time of operation has been 
shortened and, what's more, some merits as the fine robustness of mono-variable system will remain there and it is 
simple in both principle and structure. Thus, it has been taken seriously by many scholars both domestically and 
abroad. 

What is the best algorithm to deal with such an object as fluided-bed boiler concerning its large time-delay, huge 
capacity, and frequent changes? That algorithm mentioned above have both advantages and disadvantages and they 
are suitable to various situations. In order to choose an appropriate algorithm to the fluided-bed boiler, we have 
utilized different simulation techniques. Concerning the feature of fluided-bed boiler, we chose GPC. Because of 
the difficulty of identification during the combustion process, this article chooses to apply fixed-parameter GPC, 
that is, without identification, and directly rely on the process of step response only. We can'still achieve accurate 
control result and fine robustness as long as we select the predictive range and controlling range properly. In this 
way, the time of operational steps can be shortened and some possible disorders which might be caused by wrong 
identification can be avoided. Therefore, it can make sure that the combustion system of fluided-bed boiler will 

· have high combustion efficiency and great stability. What this article has done will surely be proved valuable 
theoretically and practically in the future. 

A GENERALALIZED PREDICTIVE CONTROL MODEL 

British scholar Clarke and some other scholars put forth the idea of Generalized Predictive Control (GPC) during 
1984"." 1987 and this has evoked repercussions in the world of control. And it has made great progress in practical 
application too. GPC C3:l1 be applied to deal with the non-least phase system, unstable open loop system, unknown 
and changeable time-delay system. The basic idea of GPC has appeared in earlier Predictive Control Algorithm 
such as MAC and DMC. The following characteristics pinpoint the relationship between GPC and other algorithm: 

• GPC assumes the CARIMA model, not CARMA model. 
• GPC applies extended prediction and its predictive cycle is longer than the time of time-delay or at least 

equal to the system gradient. 
• The step-to-step solution to Diaphontine equation. 
• The amount of control weighting. 
• The selection of the range of control. 

The essential idea of GPC was originated from MAC and DMC. Both of these two algorithms depend on their 
objects' non-parameter dynamic model, with the fonner one on unit-impulse response while the latter one on unit 
step response. Dynamic matrix is formed by dynamic responses and it adopts high-speed computing arithmetic to 
predict future output and to decide the amount of control according to the predictive value. In certain 
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circumstances, these two algorithms can be useless. First, with an unstable open loop system, it is not available 
because there is no possibility to get impulse and step response, let alone to form a dynamic matrix. Then, under 
the circumstance of having time-delay, the dynamic matrix is a rare matrix, so it cannot be used directly (unless it 
has been handled). GPC has inherited the basic idea of MAC and DMC and it has also creatively recommended 
Self-Tuning Control and it adopts rolling optimization functional target. Even when the structure and parameter of 
the object are not known and changeable, it is still possible to get an inferior optimization solution. The application 
of CARIMA model eliminates system's static error. The whole system is extremely stable and good in robustness. 

Just as it is mentioned above, in order to understand GPC correctly, one need to understand MAC, DMC, and Self
Tuning Control Algorithm thoroughly and adequately in advance. we shall not explain those contents in detail 
because of the limitation of the length of our paper. 

Normally, we would like to consider the following model: 

A(f1)Y(t) = B(q-1)U(t-l) + X(t) (1) 

Here, A(q-1) = 1 + a1 q-1 + ... + Dna q-na 
B(f1) = bo + b1 q-1 + ... + b,,b q-nb 

Y(t) -the signal of output 
U (t) - the signal of input 

Since the interference is not fixed, we actually take two interferences into consideration..:-Stochastic Step and 
Br9wnian Movement-the proper model should be: 

(2) 

Here, ..:1 = 1 -q-1, thus it gives the model of CARIMA (Controlled Auto-Regressive Integrated Moving Average): 

To simplify it, C(q-1
) = 1, then the model is: 

A(q-1)Y(t) = B(q-1)U(t-l) + ~t)/..:1 (3) 

In order to getj-step prediction ofy (t + j), we should at first consider Diophantine equation: 

Hence, we get a j-step prediction at the time oft moment: 

Y(t+j I tJ = Gi..:1 U(t-y-1) + y Y(t) _,, (5) 
. Gi= Gio + Gi1q + Gi-i<J + ... + Gi,,q 

Gi is the unit-step response of its object. In order to get the solution of Gi, we have to get the solutions of £.i and Fj, 
thus, we must solve Diophantine equationjust like equation (4). 

To evaluate control law, first, define a consulting locus and hope that the output could approach to the given value 
according to the given consulting locus. Suppose the consulting locus (normally a gradient) is: 

W(t) = Y(t) 
W(t+J) = aW(t+j-1) + (l-a)W0 1 ~a~ 1 

Wo is the given value and GPC ~ deal with occasions when W0 changes. 
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Consider the objective function as: 

· J = Et~
1

(y(t + J}-w(t +J)] \ ~A.U)[~(t + J-1}]'} ·· (6) 

N1 - the least predictive range 
N2 - the greatest predictive range 
.J.O) - control power coefficient 

Normally, the greatest predictive range N2 is greater than the gradient and time-delay k of the system. With regard 
to Ni, when there is no time-delay, let us take equation (3) as an example, suppose N1= l; ifwe can define time
delay k accurately and without any change, N1 should be k; ifwe cannot define k value, we should get a valu~ 
smaller than k; if there is great change in k - value, we should get a safer one. Let N 1 = 1. 

In our objective function, it is hard to handle with certain future control amount. If we apply a new quantity f (t + j) 
as a part ofy (t + j) to form the known variable at t-moment, then f (t + j) should be: 

f(t+ 1) = [G1(q·1) - q1J Li U(t) + F JY(t) 
f(t+2) = q[G2(q·1;-q·1q21 - q2J Li U(t}+ Fi)'(t) 

Thus, y (t + j) can be expressed in terms of vector: 

The entire vector are N x 1 matrix. 

Y=GU+f (7) 

'f = [y(t+ 1, y(t+2), .. . , y(t+N)]T 
U= [Liu(t), Liu(t+l), Liu(t+N-l)JT 
f= U(t+l),f(t+2), ... , f(t+N)f 

Just as it is mentioned in the previous pages, Glf1
} is its object step response. So"it surely~ gij = gj, j = 0, 1, ... , 

<i 

Thus, it forms a triangle G - matrix: 

go 

gi go 

gN-1 gN-2 go 

This matrix is almost in accordance with the dynamic matrix in DMC. If 1 < k, gj = 0, G's precedent k = 0. 
Then, G - matrix cannot be used directly in DMC. But in GPC, even if G's precedent k = 0, we still can get a 
stable solution by using this algorithm. This is the very uniqueness of GPC. 

Define vector: 
w = [w(t+l), w(t+2), ... , w(t+N)f 

The expected value of the objective function: 

J1 = E {J(l, NJ) 

Let J 1 be the least one, we can obtain the present control quantity: 
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u(t) = u(t - 1) + gr(w - /) (8) 

Among them, gr represents the first line of (GTG + ur1GT, thus, the control law has overcome the system's 

static error. 

So far, we-have never mentioned the range of control or suppose the range ofcontrol is in accordance with the 
range of prediction. But the reality is that it takes time to solve G's inverse in N x N matrix. When the parameter is 
fixed, we only need to calculate G once. But when it is a Self-Tuning Control, we have to calculate every sampling 
period, thus, it brings about some practical difficulties. On the other hand, we often feel certain that we can make 
the output value approach to the expected value within the limited sampling period. It is clear that this "limited 
sampling period" is smaller than N. After we have passed the "limited sampling period," we can suppose the 
control effect is zero. Thus, we get: 

LJu{t+j-1} = 0, j > N" (9) 

Nu represents the range of prediction, then the G - matrix can be turned into: 

go 

gi go 

_G1= 
go 

gn-1 gn - .2 gn - na, 

Then, 
r -1 T 

ii = (G; G; + Al) G; (w - /) (JOJ 

In this way, we get what we want - the control law. 

A FIXED PARAMETER GPC 

Brief Introduction to the System 
It is often the most persuasive to look at the application of an algorithm practically. Every good algorithm, 
including GPC, should endure an ordeal. If we want to apply GPC to fluided-bed boiler control, we must solve the 
problems in system identification first. Is it possible to identify an object as fluided-bed boiler? The other signals 
attached to every signal (disturbance signal and correlation signal) are all non-zero average signals. For example, 
the exit steam pressure signal Pm consists of two parts: steam pressure signal produced under the boiler 
temperature and non-zero average signal produced as the result of the change of.steam flow. It is obviously 
impossible to try to get the system parameter by the way of identifying Pm. Although it is likely possible to identify 
it through wave filtering, it is too complicated to be taken into consideration in this article. After we have made a 
studious study, we believe that it is appropriate to apply the fixed-parameter GPC to fluided-bed boiler combustion 
system control. The so-called fixed-parameter GPC refers to the GPC Algorithm, in which the mathematical model 
parameter can substitute the former parameter which could only be obtained through parameter identification. The 
reason is that the mathematical model of fluided-bed boiler combustion system is over-complicated. If we adopt 
identification, we cannot achieve a correct parameter but make the system operate awkwardly instead. After the 
Self-Tuning Control GPC is changed into fixed-parameter GPC, GPC Algorithm possibly may lose some good 
features but it will be very beneficial to keep the fluided-bed boiler operating safely and steadily. 

Apart from the difficulties in identification, another problem of fluided-bed boiler is that it is hard to deal with the 
multi-variable structure in it. ~ere are many ways to solve the correlation problems in multi-variable system. We 
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can either adopt uncoupling network to eliminate the correlation between systems or adopt the concept of "even 
control" in controlling project. If we separately adopt a feedback control system to each of the two correlated 
systems and let the two systems be situated in "poor control" when we are calibrating parameter, we can weaken, 
even remove, the correlation between systems. In the structure of the conventional conu-ol system of fluided-bed 
boiler,' it is basically the case that feedback control system controls every parameter separately. Although it is_ 
proved hard to use practically, it reflects the essential tendency of the feedback design. Then, is it available for 
GPC to control fluided-bed boiler instead of the traditional PID? No matter what kind of algorithm we may adopt, 
the fluided-bed boiler combustion system may accord with the demands of an ordinary fluided-bed boiler control. 
For example, to make sure gas/coal ration, and to keep boiler temperature at certain range and certain fluided-bed 
height, etc. It is the same case when GPC Algorithm is applied to fluided-bed "boiler. 

The Result of Simulation 
The feed-forward compensation to steam flow is in accordance with the conventional system. After defining the 
parameter of simulation and talcing the example of the tunnel from coal-feeding M to boiler temperature T, ·the 
mathematical model is: 

GMI' = 2.33 e -90s 

240s+l 

Let sampling period Ts = 10 seconds, the distribution will be: 

Y r(t) - e-Ts124o Y r(t-1) = 2.33/240u(t-9) 

· Obviously, its predictive range N2 > 9, controlling range will not be greater than 3. But what is the exact number? 
We Ccµlllot define it until the time of adjustment. Besides, other parameters which are needed to be defined include 
power coefficient and the consulting locus coefficient. GPC2 will not change the time-delay period and its object 
first-gradient feature of the whole auxiliary loop system. For this reason, we can use GMT(s) as a substitute for the 
feature of the whole auxiliary loop system. The only difference is the diversity in parameters and this difference is 
the very thing to examine the robustness of GPC. The advantage of this method is the simplification of the 
problems. Then, the main object is the product of GMT(s) and GTP(s): e·1909/40s(50s+l). After all the object 
mathematical models are distributed, we can go on with simulation. Because all_the signals obtained are increment, 
the equilibrium point is zero. The given value of steam pressure is in step variation, AP= 1 ma, the steam flow D is 
in step variation when t = 33 minutes, AD=lma. Experiment of coal-feeding interference. When t = 33 minutes, 
coal feeding M is in step variation, Am= 0.2. 

CONCLUSION 

1. The system is able to make a good response to changes in given value and it can overcome the interference to the 
steam pressure produced by steam flow. 

2 .. The change of parameters (not including time-delay) has little effect on the system. Only when the change of 
parameters is greater than 40%, the system will experience a small fluctuation. So it is adaptable to the change of 
parameters. 

3. If time-delay has a greater influence on the system, especially when time-0elay is increased, the response of the 
system becomes worse and worse. However, when time-delay is reduced, the function ·ofthe system becomes better. 
The principle of GPC can well interpret this phenomenon. With the predictive range, the less time-delay is, the 
more steps will be needed in the future prediction, thus, the better controlling effect it will have. On the contrary, 
the more time-delay is, the closer it will approach to predicµve range, the fewer steps will be needed in the future 
prediction, thus, the worse controlling effect it will cause. Therefore, when in practical operation, if time permits, 
we should increase the predictive range as larger as possible. In this way, when time-delay is increased, the system 
will still have a good controlling quality: 

Note: References upon request. 
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The purpose of the project was to improve issue tracking and measure the effectiveness of an Automated 

Issue Tracking System (AITS) in a small software company. This tracking and oversight is a C~ Level 2 key 

process area. The tracking system is a database-oriented system that is low cost and is accessible through a local 

area network or the Internet. The 1st 3 weeks following project implementation were compared with the 4th-6th 

weeks. It was hypothesized that over time, closed issue density, latency, organizational effectiveness, and 

employee perceptions of issue tracking would improve. 

Results showed that the AITS is capable of monitoring the frequency, type, and issue density of posting, 

opening, and closed issues. Employees perceived the AITS to be beneficial. Two hypotheses were supported: ( 1) 

there would be a greater percent of closed issues (closed issue density) during the second half of the project than 

· the first half; and, (2) there would be significantly fewer days between posting and opening issues during the 

second half of the project compared to the first half (Issue Aging: Latency). Two hypotheses were not supported: 

there would be significantly.fewer days between opening and closing issues during the second half of the project 

compared to the first half (Organizational Effectiveness); and (2) there would be significantly fewer days between 

posting and closing issues during the second half of the project compared to the first (Total Issue Aging). 

Analysis, interpretations, and conclusions for this project are presented. 
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INTRODUCTION 
The growth of the software development industry is in its infancy stage. Paralleling its growth is the need to 
implement software engineering practices that promote company viability. Although many companies have 
capable scientists to tackle challenging software development projects, there are "big· ticket problems that plague 
today~s software development projects" (Whitten, 1995, backcover) including: schedule- slipping, over-budgeting, 
and poor quality. Solutions can be found in the Capability Maturity Model (CMM), developed by the Software 
Engineering Institute (SEI) of Carnegie Mellon University. CMM is a "framework that describes the key elements 
of an effective software process" (http://ricis.cl.uh.edu/process _ maturity/CMM/TR25/tr25 _ o2.html, 7 / 16/97, 
10:55pm). While C:MM focuses on software processes throughout the organization, solutions for individual 
engineers are found in use of the Personal Software Process (PSP). "CMM and PSP are thus mutually supportive, 
with CMM addressing management practices and PSP defining a disciplined way for engineers to do their work" 
(Ferguson, Humphrey, et al, 1997, p. 24). The software development industry is in its infancy stage, and the CMM 
provides an "evolutionary improvement path" that fosters transformation from an "ad hoc, immature process to a 
mature, disciplined process" (http://ricis.cl.uh.edu/process_maturity/CMM/TR25/tr25 _ o2.html, 7 / 16/97, 10_:55pm). 

Historically, software development organizations devoted little attention to management, which resulted in a 
· domino effect. Lack of control of software cost and scheduling estimates led to damage to "developers credibility" 
which in turn, led to "short cuts that can degrade product quality". The result was customer dissatisfaction (General 
Electric Company, Corporate Information Systems, 1986, p. 1-1). Excuses for project failure were reported to be due to 
three classes of problems: inadequate planning; cursory or non-existent review (including no follow-up of review 
suggestions); and, lack of well-structured method-or an ill-defined or non-existent design approach (General Electric 
Company, Corporate Information Systems, 1986, p. 11-4). There is a need to implement software engineering methodology . 

. Some elements of the CMM are assessment, process management, quality improvement, and an organizational 
improvement roadmap. "The objectives of software process management are to produce products according to 
plans while simultaneously improving the organization's capability to produce better products" (Humphrey, 1990, 
p. 3). The CMM identifies 5 levels of process maturity of a software organization (initial, repeatable, defined, 
managed, and optimizing). A software organization focuses KP As at each level. To meet standards of respective 
levels, the focus is on project management (level 2), engineering processes (level 3), product and process quality 
(level 4), and continuous quality improvement (level 5). Each focus is characterized by KPAs to develop or 
improve. Fo·r example, level 2 (repeatable), focuses on project management. KPAs to develop at this level include: 
software project planning, software project tracking, software subcontract management, software quality assurance, 
software configuration management, and requirements management. Level 5 ( optimizing) focuses on continuous 
quality improvement. Level 5 KP As include defect prevention, technology innovation, and process change 
management. Attaining higher levels is cumulative--KP As are maintained or continuously improved as an 
organization moves up the maturity model. As levels are increased, the expected result is improved productivity 
and quality and a corresponding decrease in risk and waste (CMU, 1994, VI-i). Level 2 (repeatable) indicates the 
company is stable (statistical control) when repeating certain activities. There is predictability of schedules, costs, 
and commitments (Humphrey, 1990). For commitments, the job is defined and planned. 

An activity_ in implementing Project Tracking and Oversight (a Level 2 KP A) involves tracking software issues and 
"taking corrective action as necessary" (CMM Correspondence Group, 1996, http://www.sei.cmu.edu/technology/ 
cmm/draft-a/a23pt.html, p. 4). In a series of case studies, where CMM-based software process improvement was 
introduced, benefits as well as lessons learned were presented in a technical report by the SEI (Herbsleb, Carleton, . 
Rozum, Siegel, and Zubrow, 1994). Some lessons learned included: recognizing process improvement is a long
term effort; the commitment of management is crucial, and software process improvement requires a cultural 
change ·necessitating transmission throughout the organization. Benefits identified were: improved productivity, 
reductions in costs, gains in quality, and fewer crises (Herbsleb, et al., 1994). 

Background to the Problem 
While working in the spring of 1997, software processes were reviewed. The company develops database 
application software and had approximately 20 employees. The company had an ill-defined and informal software 
development process. The primary problems observed were: . uncontrolled changes, version control, constantly 
changing requirements, poor issue tracking, and a general lack of software measurement processes. · An example of 
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a problem manifested in these areas was Poor Issue Tracking and Informal Milestones: Several issues were not 
documented such as requests for new functionality. Several issues that were documented, were not being closed. 
Project planning was informal~ with few milestones identified. Discussions of issue tracking problems resulted in 
development of a paper and pencil issue tracking fonn. Using this system, issues were posted from June 10, 1997 
through July 14, 1997. Posted issues were tracked through September 6, 1997 for analysis. There was a total of 
259 issues posted. Of these, 119 forms (45.9%) were completed accurately including: issue type, post date, 
opening date, and closing date of the issue. Of the 119 correctly documented, the average number of days from 
posting to opening (latency) was 1.2016 days. The average number of days from opening to closing was 1.4369 
days (organizational effectiveness). The total aging of issues was 2.6386 days. Further review of data showed the 
majority of issues to be "change request" orders. Although any type of issue could be reported, only 7 (5.8%) were 
other than change requests. Issues such as interface problems, data base problems, and reporting problems were 
not documented. Of the 140 issues incorrectly documented, several did not track dates opened and closed. Other 
issues were not resolved. In some instances, it was not possible to tell if the issue was inappropriately tracked, or 
not resolved. While it was recognized that the introduction of software processes is more popular and certainly 
more necessary in larger companies, based on observations it appeared initiation of CM1-1 Level 2 key process 
areas (KPAs) might enhance the company's functioning. 

Statement of the Prob_lem 
The purpose of this project was to improve issue tracking and measure the effectiveness of an Automated Issue 
Tracking System (AITS) in a small software company. Specifically, a variety of issues, and identification of issue 
latency (time between posting and opening), issue density (the percent of posted, opened, closed issues to total 
issues), total issue aging (time between posting and closing), organizational effectiveness (time between opening 
and closing), and benefits will be documented. This should strengthen the elements of Project Tracking and 
Oversight which is a Level 2 KP A of the CM1-1. 

METHODS AND IMPLEMENTATION 
Requirements of the A/TS (Automated Issue Tracking System) 
This small company needed a new and effective process for handling software issues and a tool was designed to 
track issues. The ideal tracking system for this company should not cost a lot of money. It should ·not require any 
extra expensive software. It should also be accessible through the Internet. The tracking system should be 
accessed through a local area network such as Novell or Microsoft Network in case the Internet is not available. A 
relational database should also be utilized on the server to store the issues. The tracking system also must provide 
the capability to provide data for the measurements to monitor its effectiveness. The tracking systems was 
developed to fit the needs of the organization. Design elements allowed the user to generate reports or query 
results selected by: open issues, closed issues, date range, issue aging, issue categories, and issues of specific 
projects. It was anticipated that with increased familiarity with AITS, there would be a variety of issues 
documented, issues would resolve faster, and employees would find the AITS of benefit. The measurements would 
be beneficial for assessing the Key Process Area of Project Tracking and Oversight. Organizational Effectiveness 
and Latency are quantifiable measures for the KP A. A survey measured employee attitudes and knowledge about 
issue tracking pre implementation and 6 weeks post implementation. 

Setting and Sample 
The setting was in a southern.Florida software company, with 20 employees. Only 6 participated in the project, 
because they were working on the same software product (included programmers, data base developers, and 
testers). Excluded were: secretarial staff. This was a non-probability convenience sample. 

Design 
A problem-solving design was used to improve issue tracking by development and proper use of an AITS tool. 
Outcomes are indicator reports of posted, opened and closed issues monitored weekly, tri-weekly, and 
cumulatively. Other outcomes are issue density, issue aging, including latency, organizational effectiveness, and 
total issue aging, and employee perceptions. Procedural plans included: finalizing requirements of the AITS by 
August 29, 1997, design the Issue Tracking System by September 10, 1997, and Monitor Issue Tracking System 
September 12-Oct. 24, 1997. To monitor the effectiveness over time, weekly and cumulative tracking of posted, 
open, and closed issues were logged and reported. The first three weeks of AITS use was compared to the second 
three weeks of use. In addition, employee perceptions of issue tracking pre and post AITS were compared. 
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RESULTS 
Issue Tracking and Employee Perceptions 
The AITS provided reports of the weekly and cumulative number of issues, density of issues, and aging of issues 
tracked over time (See Table 1). The Number oflssues posted each week ranged from 6 (week 3) to 33 (week 5). 
The number of issues opened each week ranged from 2 (week 2) to 48 (week 5). The number of issues closed each 
week ranged from O (week 3) to 38 (week 5). Week 2 had the lowest number of issue activities (11) and week 5 
had the greatest number of issue activities (115). Issue Density is defined as the percent of posted, opened, and 
closed issues to the total. There was a decline in posted issues density from week l (75%) to week 6 (24%). In 
week 1, the percent of posted issues to total was 75%, not surprising considering initial use of the system. Open 
issue density formed a curvilinear relationship, peaking at week 3 (60%). Clo~ed issue density generally increased, 
except for week 3. By week 6, closed issue density was 49%. Issue Aging: Latency (Average time from Posting to 
Opening Issues), averaged 5.67 days (range 14.46 days to a low of .38 days). It generally decreas~d over time. 
Organizational Effectiveness {Average days from Opening to Closing Issues), averaged 2.92 days. It dramatically 
decreased after the first week (7.13 days) and generally leveled off to a range of 1.75 to 3.60 days. Total Issue · 
Aging (Average time from Posting to Closing Issues) averaged 8.59 days. It dramatically decreased after week 1 
_(21.59 days), increased in week 3 (17.27 days), then continued to decrease to 2.13 days in week 6 . 

Table 1 
Descriptive Data: Number oflssues, Issues Density, and Issue Agin~ 

Weekl Week2 Week3 Week4 Week5 Week6 
NUMBER OF ISSUES 

# Posted Weeklv 24 7 6 14 33 16 
# Opened Weekly 5 2 9 18 48 18 
# Closed Weekly 3 2 0 7 38 33 

Total Weekly 32 11 15 39 119 67 

# Posted Cumulative 24 31 37 51 84 100 
# Opened Cumulative 5 7 16 34 82 100 
# Closed Cumulative 3 5 5 12 50 83 

Total Cumulative 32 43 58 97 216 283 

ISSUE DENSITY 
% Posted Weekly: (Posted/fotal Ratio} 75% 64% 40% 36% 28% 24% 
% Open Weeklv: (Ooen/fotal Ratio) 16% 18% 60% 46% 40% 27% 
% Closed Weelcly: (Closed/fotal Ratio) 9% 18% 0% 18% 32% 49% 
Total Weekly ( = 100%} 

% Posted Cumulative: (Posted/fotal Ratio) 75% 72% 64% 53% 39% 35% 
% Open Cumulative: (Open/Total Ratio) 16% 16% 27% 35¾ 38% 35% 
% Closed Cumulative: (Closed/fotal Ratio) 9% 12% 9% 12% 23% 30% 
Total Cumulative(= 100%) 

ISSUE AGING 
Latency (5.67) 14.46 7.14 13.67 2.21 1.55 .38 
Avera~e Time From Posting to ()pen 
Ori:;anizational Effectiveness (2.92) 7.13 2.00 3.60 3.50 1.16 1.75 
Average Time from Open to Closed 
Total Issue A2!ni: {8.59) 21.59 9.14 17.27 5.71 2.71 2.13 
Average Time from Posting to Closed 
(Cumulative Days) 

AITS' users :responded to a Likert Scale survey, pre and post AITS. Prior to AITS, there were 6 who completed the 
survey and 6 weeks post AITS there were 5. Six weeks after introduction of AITS, respondents agreed 
documentating issues and ideas improved; issues took less time to resolve; some improvement occurred in quick 
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awareness of issues; and, more issues were resolved than opened. Eighty percent strongly agreed/agreed that AITS 
was easy to use and most employees were served and I 00% agreed/strongly agreed AITS improved company 
effectiveness. On the survey, there were no major issues listed that were not documented, compared to 7 pre-AITS. 
Comments by users showed benefits of AITS to be: "Easy to search for issues, made aware of issue status, gets rid 
ofa lot of paper (3)". Problems encountered using AITS: "Responsibility for opening posted issues, not initially 
assumed by anyone and a need exists to delegate this responsibility; occasional network problems halted AITS". A 
user recommended to "have some kind of an alert system when a new issue is assigned''. 

Hypotheses Testing 
Hypothesis}. (Closed Issue Density) There will be a significantly greater percent of closed issues (greater 
closed issue density) during the second half of the project (2nd 3-weeks) compared to the first half of the project 
(t'' 3-weeks). There were 37 issues posted during the 1st three weeks and only 5 (13_.5 %) were closed, during that 
period. For the 2nd three weeks there were 63 issues posted, and 59 (93.7%) closed during the 2nd three weeks. 
The Chi-Squared Test of Differences comparing the number and percent of closed issue density resulted in 
x2=64.96, (p<.0005), supporting Hypothesis #1. 

Hypothesis 2. (Issue Aging: Latency). There will be significantly fewer days between posting and opening issues 
during the second half of the project (2nd 3-weeks) compared to the first half of the project (t'1 3-weeks). There 
was a total of I 00 issues posted during the 6 week study period, 3 7 during the I st 3 weeks, and 63 during the 2nd 

three weeks. During the 1st three weeks, there were 16 (43.2%) posted issues that were opened, averaging 5.81 
days from posting to opening an issue. During the 2nd three weeks, there were 63 (100%) posted issues that were 
opened, averaging 1.40 days from posting to opening. Results of an independent t test to examine differences 
between the I st three weeks and the 2nd three weeks in days between posting and opening issues, supported 
Hypothesis #2 (t=5.87, p-<.0000). For the 37 issues posted during the 1st three weeks, the average time to open 
issues through the 6-week project, averaged 12.95 days. This was considerably higher than the 1.40 days to open 
issues that were posted during the 2nd three weeks of the project. 

· Hypothesis 3. assue Aging: Organizational Effectiveness). There will be significantly fewer days between 
opening and closing issues during the second half of the project (2nd 3-weeks) compared to the first half of the 
project (t'' 3-weeks). During the 1st three weeks, there were only 5 (13.5%) open issues that were closed, 
averaging 1.40 days from opening to closing an issue. During the 2nd three weeks, there were 59 (93.7%) open 
issues that were closed, averaging 1.76 days. (These were issues posted during the 2nd three weeks). Results of an 
independent t test to examine differences, between the 1st three weeks and the 2nd three weeks in days between 
opening and closing issues showed there was no significant difference (t=-.295, p=ns) and hypothesis #3 was not 
supported. Other findings show only 7 (18.9%) of the 37 issues posted during the 1st three weeks were closed, by 
the end of six weeks. For these 7 issues, the average length of time from opening (which could have been any time 
during the 6 week period), was 7.43 days. This was considerably more than the I. 76 days that is took issues posted 
during the 2nd three week period to change from open to close. During the 2nd 3 weeks, there were 76 issues 
opened and closed (this included 17 issues that were posted during the l st 3 weeks and 59 issues posted during the 
2nd three weeks). These averaged 2.50 days to change from open to close .. This increase is attributed to delay in 
opening and closing issue posted during the l ' t three weeks. 

Hypothesis 4. (Iota/ Issue Aging). There will be significantly fewer days between posting and closing issues 
during the second half of the project (2nd 3-weeks) compared to the first half of the project (t'1 3-weeks). During 
the 1

st 
three weeks, there were only 5 (13.5%) posted issues that were opened, and subsequently closed, averaging 

2.20 days froni posting to closing. During the 2nd three weeks, there were 59 (93.7%) posted issues that were 
opened and subsequently closed, averaging 3.15 days from posting to closing. Results of an independent t test to 
examine differences, between the 1st three weeks and the 2nd three weeks in days between posting and closing 
issues show there was no significant difference (t=-.66, p=ns), and hypothesis #4 was not supported. Other 
findings show there was a total of 24 (64.9%) issues posted during l't three weeks that were closed at the end of the 
project (anytime during the 6 weeks). For these 24, it took 19.42 days from posting to closing, considerably more 
than the 3.15 days to post and close the 59 issues ·(93.7%), during the 2nd three weeks. Of the 100 issues posted 
during the project, there were 83 (83%) closed. For these 83, it took 8.59 days from posting to closing. 
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ANALYSES, INTERPRETATIONS, RECOMMENDATIONS, AND CONCLUSIONS 
The aim of this project was to address the problem of poor issue tracking, inappropriately tracked, or unresolved 
issues in a small software development company. The plan was to introduce elements of the Capability Mature 
Model (CMM) by development of the AITS (Automated Issue Tracking System). While it was recognized that the 
introduction of software processes is more popular _and certainly more necessary in large( companies, based on 
observations it appeared initiation of CMM Level 2 key process areas (KPAs) might enhance the company's 
functioning. Prior to project design and implementation, baseline information to describe the scope of the problem 
was identified and included identifying issues posted (using paper forms), and monitoring closing of issues posted. 
Implementation of the project design began with a Pre-AITS Employee Survey, followed by orientation to the AITS 
and initiation of use of AITS. Monitoring of issue tracking occurred for 6 weeks. Employees were asked to use the 
AITS, although there were no stated consequences for not using it. There were some issues placed on paper, if 
they did not have access to the AITS (such as working at home or away). These issues were later posted by others 
in the office, the originator of the issue upon return, or this author. Early on, one problem was the assignment on 
who was to open issues. If an issue was one that related to an employee's development area, that employee was · 
asked to open the issue. This produced an early problem in which there was lack of employee initiative in opening 
issues. At the end of week 2, this was discussed with the owner/manager, and it was decided that she would assign 
the issues. It is noted that in week 3, 9 issues were opened, compared with 2 issues during week 2. Because there 
were increases in issues opening during week 3, from weeks 4-6, there are increases in closing issues. 

Employees had access to viewing all the issues and status at any given time, but were not aware of when the project 
was ending, nor that comparisons between the I st 3 weeks and the 2nd 3 weeks would be made. The 
owner/manager did know that this project would occur for 6 weeks, but was asked not to tell employees. Also, she 
did not know that comparisons would occur. By design, the AITS was implemented in a "natural work setting". 
There was no control group, thus the design lacked control of ex1raneous variables. · 

The AITS has the capability to monitor posted, opened, and closed issues, issue density, issue aging, as well as the 
types.of issues. Compared with baseline data obtained from June 10, 1997 through July 14, 1997 (prior to AITS 
implementation), of 259 issues posted on paper and pencil forms, only 119 (45.9%) were accurately documented 
and capable of being tracked. For example, dates were missing to track and it was unknown if issues were closed. 
Using AITS, ·an issues were accurately documented, which included issue type, and posting, opening, and closing 
dates. During the baseline period, only 7 (5.8%) of the issues were other than "change req~ests". However, after 
implementation of AITS 22 (22%) were other than "change requests" (technical support issues, questions, defects, 
requests for help with developmental problems, etc). Thus the AITS provided a system to post, open, and close a 
variety of issue~ The number of known issues not documented decreased during the 6 weeks project period, from 
L 15 immediately preceding AITS to O at the end of 6 weeks (reported on the Survey). Another improvement was 
the ability to tract issue types·. Each issue was defined by type, which associated an issue to an area of development 
(Btrieve conversion, client maintenance, DB maintenance, financial accounting, ledgers, matter maintenance, 
reporting technical support, trust, and other). Other categories could be added by users. 

More interesting was the finding that baseline information tracked during the June 10, 1997 through June 14, 1997 
showed 140 issues either not correctly documented, not tracked for opening and closing, or not resolved. Thus, 
even though immediately prior to AITS implementation, an average of 1.15 issues were identified as known, but 
not documented, there may have been many more. At the conclusion of the project, all known issues were reported 
to be posted. These findings were supported by employees, where they reported that AITS improved 
documentation of issues and ideas, time decreased to resolve issues, and more issues were resolved than open. 

During the 2nd three weeks of the project, there was an increase in the number of issues posted, opened, and closed, 
compared with the 1st 3 weeks. This may be explained by the "Learning Curve Model", which indicates that "time 
is needed to adapt to something new" (Weinberg, 1997, p. 1). A "response to change takes place along a 
characteristic curve", from early learning (which is slow), rapid learning, to mastery (a leveling off), (p. 13). 
There was no urgency to implement change by use AITS, no external motivation, or push by management. Rather, 
AITS was introduced and they were encouraged to use it, in a non-threatening, non-mandatory manner. No 
specific performance objectives or outcomes were required of the employees. There·are strengths and weaknesses 
to this approach.. While learning can be adaptive, a lack of direction may have affected its use. Involvement of the 
manager in assigning issues posted, improved the number of issues opened and closed during the 2nd 3 weeks. 
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Hypotheses J and 2 were supported by the project and 3 and 4 were not supported. Closed issue density (percent 
of closed issues to the total number of issues) decreased over time, following implementation of AITS (Supported 
Hypothesis l). Latency (days between posting and opening issues) decreased over time, following implementation 
of AITS (Supported Hypothesis 2). An Automated Issue Tracking System improved the Latency of issues. 
Organizational effectiveness (days between opening and closing issues) did not improve, over time, by using AITS 
(Did Not Support Hypothesis 3). An explanation for this finding is that there were fewer issues opened and closed 
during the l't 3 weeks. Although it took less time from opening to closing issues duririg the 1st 3 weeks (1.40 days) 
compared with the 2nd 3 three weeks (1.76 days), only 5 (13.5%) of the issues were opened and closed compared 
with 59 (93.7%) during the 2nd 3 three weeks of the project. This measure of organizational effectiveness did not 
include the aging of the currently opened issues. When a manager makes this analysis, consideration should be 
extended to include the percent of issues opened and closed (issue density) during the comparative periods. Total 
Issue Aging (days between posting and closing issues) did not improve over time, by using AITS (Did Not Support 
Hypothesis 4). Although it took less time from posting to closing during the 1st 3 weeks (2.20 days) compared with · 
the 2nd 3 three weeks (3.15 days), Qn!y 5 (13.5%) of the issues posted, were closed during the l't 3 weeks compared 
with the 2nd three weeks of 59 (93.7%). This measure of organizational effectiveness did not include the aging of 
the currently posted and opened issues. When a manager makes this analysis, consideration should be extended to 
include the percent of issues posted, opened, and closed (issue density) during the comparative periods. Other 
findings showed, forall issues posted during the 1st 3 weeks, it took 19.42 days to close 24 (64.9%) for the 6 week 
period. Compared with 3.15 days from posting to closing for 59 (93.7%) of the issues during the 2nd 3 weeks, issue 
aging did improve over time. While baseline data for total issue aging was only 2.63 days prior to implementation, 
only 45.9% of baseline issues were appropriately documented, tracked, and included in the analysis. Thus, for 
issues that were documented, issue aging was less prior to AITS; but, not all issues were documented and tracked. 

The project setting was in southern Florida. The organization has moderately good technical resources, poor 
software development processes, moderately low salaries, an informal atmosphere, and a relaxed, management 
style. However, it was observed to be frenzied nearing the deadlines for projects. The manner in which change 

. management was introduced in this project also affects applying results to other settings. Because of the threats of 
effect of history, sensitization, the influence of change management, and reactivity, caution in generalizing results 
to other settings needs to be taken. However, a major strength to external validity, and application to other settings 
is that the setting was not artificial. Because of these characteristics, findings at best, can only be extended to a 
similar software company with similar organizational characteristics. In conclusion, AITS benefited the company. 
It was an appropriate change for the company and shows that implementation of C:MM Level 2 key process areas 
(KPAs) can enhance the company's functioning. It fit a company need, its purpose was acceptable to employees, 
and it did not duplicate existing efforts. The project objectives were achieved and several projected outcomes were 
produced. A major influencing factor when generalizing results to another setting or to other employees, is a 
change management model needs to be incorporated into planning. 
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ABSTRACT 
Suboptimization is the most pervasive and persistent challenge faced by modern organizations today. Still stifled by 
hierarchical silos, organizations inadvertently but systematically reward suboptimal behavior, i.e., one department or 
division maximizes its own goals at the expense of another unit(s) and the organization as a whole. Suboptimization has 
major detrimental effects on both qu~lity and the bottom-line. 

The purpose of this paper is to examine this phenomenon by clearly defining it, identifying its causes and effects, and 
proposing solutions. The role of communication and cooperation, leadership and sound management principles; · · 
financial and reward systems, and organizational structure and culture are discussed. An important conclusion drawn 

· from these discussions is that changing only one dimension of the organization (such as adding cross-functional teams) is 
insufficient to optimize the organization. Changes in culture and behavior must be preceded by comprehensive changes 
in the entire organizational system. 

INTRODUCTION 

The industrial revolution in the U.S. gave birth to the large bureaucratic hierarchical organization and specific job 
. functions. Grounded in Taylor's scientific management, these mechanistic entities were unrivaled in their ability to 

efficiently supply large quantities of goods for a demanding consumer. However, when the Japanese began producing 
.higher quality goods in the l 970's, American consumers turned quickly to the east. Japanese companies that were 
loosely coupled as organic matrix organizations were successful in shifting the American public's attention from 
quantity alone to quantity plus quality. The optimized Japanese company integrated its development, production, and 
distribution units to effectively reduce cycle times, continuously improve quality and meet high customer demands for 
output. Japanese long-term thinking had finally paid off and allowed them to make quality, rather than short-term 
profits, their• competitive edge. 

Unlike the collectivistic Japanese, independent-thinking Americans have since struggled to understand and implement 
quality-focused concepts such as empowerment and cross-functional teamwork. In traditional organizations, many 
managers and supervisors are still rewarded for maintaining vertical control rather than empowering others. They are 
lauded for bottom-line results rather than understanding and improving processes through quality methods. Moreover, 
the hierarchical organizational structure creates boundaries between units that systematically deter communication and 
cooperation necessary to optimize the organization. 

UNDERSTANDING SUBOPTIMIZATION 

Except in the hard and natural sciences, very little can be found in the literature that directly identifies suboptimization as 
an organizational phenomena. Simply put, suboptimization occurs when one unit maximizes its own goals at the 
expense of another unit(s) and the organization as a whole (Giocondi, 1997). Suboptimization is the direct result of 
insufficient and ineffective communication and cooperation among units. Leadership's failure to provide purpose and · 
vision and to apply sound management principles further diminishes cooperation and communication. Hierarchical 
bureaucracy, traditional financial and accounting systems, and entrenched cultures all contribu~e to this pervasive and 
persistent problem. 

Suboptimization is based on systems theory which recognizes that the whole is greater than the sum of its parts 
(Bertalanffy, 1968 in Kreps, 1990). However, if each part of a system performs optimally, in its own terms, the system 
as a whole may not perform optimally. -Take, for example, an ecological system. "If the system (e.g., the wolf pack) 
would be a simple sum or "aggregate" of its parts, then the outcome for the system as a whole (total prey killed) would 
be a sum of the outcomes for the parts (prey killed by each wolf separately), but that is clearly not the case when there is 
interaction (and in particular cooperation) between the parts. Indeed, a pack of wolves together can kill animals (e.g., a 
moose or deer), that are too big to be killed by any wolf in separation" (Heylighen, 1994 ). Therefore, the sum of 

294 



resources that can be gained depends on the interaction effect among the wolves. If the wolves do not cooperate as a 
pack~ they will fail to capture the larger animal which is a benefit to them individually and as a group. 

The same principle is true when applying systems theory to organizations (Senge, 1990). A system is defined as "a set 
of functions or activities within.an organization that work together for the aim of the organization" (Evans & Lindsay, 
I 996, p. 62). The degree of cooperative interaction among functions, activities, and organizational members determines 
the sum and quality of the materials or products produced (the outcome). For example, a fast food restaurant includes a 
variety of functions such as people taking orders/cashiers and subsystems including food preparation, drive-through, 
purchasing, and training (Evans & Lindsay, 1996). These subsystems, when working together, optimize the 
organization's ability to provide a quality product in a timely manner that pleases the customer. 

Communication and Cooperation 

Facilitating cooperation in a system is communication. In fact, so important is effective communication that Weick 
(1979) equates communicating with organizing, treating them as synonymous terms. Every synergistic system requires 
the ability to cooperatively select important information from the environment, to process that information, and from it 
create rules that help the system adapt to the environment. Within the system are positive and negative feedback loops 
that allow effective processing of information among the various parts of the system to create useful rules. All of this 
activity combined, allows the system to produce a whole that is greater than the sum of its parts. 

For example, simultaneous engineering has been an attempt to optimize development and manufacturing subsystems. 
Engineering and production communicate cooperatively to reduce cycle time and increase quality. In a classic example 
of suboptimization, however, engineering maximizes its goals at the expense of production by designing components 
that production finds difficult to manufacture. Thus, manufacturing costs rise, production schedules are not met, quality 
is diminished, the customer is dissatisfied, but engineering is rewarded for meeting its goals. However, when 
engineering and production integrate their activities (when engineering sees production as an internal customer), they 
cooperatively select information from external environment (e.g., customer, suppliers, regulatory agencies), process the 
information, and jointly create rules (processes, policies, procedures, etc.) that optimize the organization as a whole. 

Weick (1979) also sees communicating as a multi-level activity, i.e., organizations communicate at individual, team, 
department, division, organizational and extra-organizational levels. In effect, when management has not planned, 
rewarded, and facilita_ted communication at all levels and relevant information is withheld, uncertainty increases. 
According to Weick, the amount of communication consequently increases. For example, if manufacturing has not 
received information from production engineering on a tooling changeover, production will be compelled to increase its 
communication effort to reduce uncertainty. Unfortunately, in the absence of relevant information and resources, 
production staff are left to speculate among themselves about the actual facts of the changeover. Often they draw 
inaccurate conclusions causing them to engage in behaviors that do not support organizational goals. 

Leadership and Integrated Management Principles 

According to Deming (in Walton, 1986), management has a large degree of control over the system and is, therefore, 
responsible for managing interactions (rather than functions) to optimize the organization. In short, management's role 
is to organize cross-functiona:lly, thereby creating synergy within the system (in Walton, 1986). As we have already 
established, this organizing is accomplished through the intentional planning and facilitating of communication. When 
change (now a constant) occurs or needs to occur in systems, leadership is responsible for ensuring that all 
organizational members and units at all levels have relevant information. This information allows members to 
successfully engage in activities consistent with the organization's purpose, vision, values, and strategies. Without clear 
communication of these (regardless of any change that is occurring), organizational members and units will flounder in 
uncertainty. Unless management deliberately increases certainty through communication of purpose and impending 
change, members and units will respond with a flurry of misguided and wasted interaction among themselves. Further, 
managers who with hold information as a power-base are perceived as lacking integrity. In other words, to optimize the 
organization requires the creation of an open communication climate in which relevant information flourishes, thus 
reducing fear associated with uncertainty. 

Simply managing independent su~systems of the organization will suboptimize parts of the organization and the 
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organization as a whole. If management rewards the purchasing department for the lowest bid, the departments that 
receive inferior materials are suboptimized (Deming, 1986). More importantly, the organization is suboptimized 
because internal failures (e.g., scrap and rework) and external failures (e.g., warranty, customer complaints) can 
substantially increase the cost of quality and may result in lost business. Therefore, systematic policy and reward 
systems controlled by management can be a primary cause of suboptimization depending upon the kind of behaviors 
these systems reinforce. Management gets what it rewards. If suboptimal behavior is present and systematic, then 
management is responsible for determining and changing that which is rewarding the behavior. 

Up to this point, it has been argued that the ability to integrate functions is a major role of leadership in optimizing the 
organization, which is to say that management must demonstrate integrity. Integrity has two important meanings for the 
purpose of this discussion. First, integrity is "the quality or state of being complete, wholeness, entireness~ unbroken 
state" (Webster, 1976). This definition is consistent with the responsibility for creating a system that is whole rather 
than broken info its various divisions. As someone once said, "They don't call them divisions for nothing." Divisions 
divide the whole in such a way as to cause suboptimization. 

· Also consistent with this definition is the need for management to integrate fundamental management concepts for 
quality-focused companies. According to Gino Giocondi, former Vice President of Quality at Chrysler Corporation, _ 
seven principles integrate all the fundamental concepts of modem quality management into a unified whole. These 
principles include inspired visionary leadership, customer focus, continuous improvement, empowerment, management
by-fact, and organization-wide involvement. These principles are interdependent and collectively form a neural network 
to guide management and organizational behavior (Giocondi, 1997). 

Two major problems often occur with this aspect of integrity. First, executives react to new management fads and fail to 
· realize that these "new" ideas are no more than a variation on one of the seven principles. For example, Giocondi 

observed that CEOs often receive an enthusiastic report from a vice president who reads a recent book.on a "new" 
·concept (such as reengineering) for optimizing quality and profits. The CEO reads the book and makes it required 
reading for all his reports who, in tum, do the same. Suddenly, by implication (and often inadvertently) a message is 
sent down the entire organization that this "new" idea has become this year' s direction for the company, leaving 
employees confused about the last management initiative which was never implemented. The leader commits 
organizational "heresy" by assuming that a part, such as "kaizen" (continuous improvement) or "reengineering," is the 
whole. At best, these important ideas are truth out of balance. Further, weak leaders react. · Strong leaders respond to 
circumstances calmly by wisely integrating all the principles in appropriate proportions. Good leaders understand the 
neces~ity of managing an interaction effect among these sound management principles without reacting to the latest 
management fad relayed to them by a subordinate, customer, or consultant (Bennis in Loeb, 1994). 

A second definition of integrity has to do with the ethical dimension of leadership. Integrity is "the quality or state of 
being of soW1d moral principle; uprightness, honesty and sincerity'' (Webster, 1976). Kouzes and Posner ( 1990) foW1d 
that mid-level managers rated honesty as the most important leadership trait which they looked for in executives. An 
incongruency between leaders• words and behavior create uncertainty and distrust. With regard to suboptimization, this 
can create a horizontal problem if leaders are dishonest or intentionally withhold information from .peer leaders in other 
divisions. -

Organizations must systematically reward integrity and integrated behavior. Many managers are still compelled to 
control subordinates even when doing so is suboptimal, i.e., they are rewarded for maximizing the department's goals . 
rather than organizational goals achieved through cross-functional teamwork. For example, Marshall and Stohl (1993) 
found that middle managers were reluctant to release their subordinates to work on cross-functional teams that took 
employees away from the department. Further, executives are also a part of the systems they lead. Boards that panic 
when quarterly profits are askew have caused more than one CEO to back-off quality initiatives which they so 
enthusiastically initiated literally leading organizations back into suboptimal conditions. 

Financial and Accounting Systems 

This quarterly-based financial system is perhaps one of the most powerful suboptimal forces in the traditional 
organization. For the most part, this structural, systematic albatross has not changed in even the most progressive of 
American organizations. Recognizing that economics is a primary driver of behavior in any system, financially-driven 
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systems work against other efforts to integrate and optimize the organization. For example, the quarterly budget broken 
into its traditional cost categories of salaries and benefits forces the manager to make short-tenn decisions that typically 
involve layoffs as a first rather than last resort. The manager who is hired to "clean house" later regrets his/her decision 
when business turns around and finds no workers available. To compensate, assembly line speed is increased, working 
hours are longer, and quality is subordinated to quantity. Marketing and sales promote innovation and make promises 
for delivery beyond manufacturing's ability to comply, all in the mad rush to meet quarterly short falls. The result is that 
units of the organization (marketing and sales) maximize their own goals at the expense of other units (manufacturing 
and distribution) in an endless cycle of suboptimization. In such a system, CEOs and board members are as short-lived 
as they are short-sighted. 

To worsen the situation, traditional cost accounting systems are designed to support the quarterly system by recording 
and perpetuating short-term financial results for stock holders. In the 1950s, "faulty accounting systems did little 
damage because competition was not intense" but global competition has forced companies to reconsider (Lawler, 
1992, p.78). These accounting systems typically measure costs such as labor, fringes, supplies, and fixed costs. This 
type of system directs managers' attention toward large cost items without considering the expense of processes 
involved. Once again, managers may try to cut labor costs without first determining where in the process that rework 
and scrap are occurring or they may increase production rates without consideration for quality (Pare, 1993). 

By contrast, organizations that focus on a wide array of stakeholders (rather than stock holders) and which employ 
activity-based costing (ABC) can diminish the effects of these traditional suboptimal systems. Stakeholders can have 
broader and longer-term interests in the company's welfare. ABC is an accountng system designed to examine the costs 
of horizontal processes to determine where the actual cost of quality lies. Typical costs include processing sales orders, 
sourcing parts, expediting supplier orders and internal processing, and so on. When functional and cross-functional 
processes are costed, they can be improved so that suboptimization is reduced. Systems work cooperatively to reduce 
waste in the system and the organization begins moving toward an optimizing interaction effect (Pare, 1993). 

Organizational Structure 

Hrebniak (1978) observed that, with an emphasis on vertical communication, tall organizations may be best suited for 
tasks which involve a minimal degree of complexity and only simple coordination. Take the complexity of companies 
today multiplied times the even more complicated economic, social, and political environments in which they function, 
and we can hardly conclude that a vertical structure is a suitable model for optimization. With many organizations still 
founded on Taylor's-mechanistic model and Weber's bureaucracy, it is a small wonder that these entities are 
horizontally-challenged. 

Vertically-organized companies tend to promote downward communication and limit upward, horizontal and especially 
diagonal communication. While politically correct, following the chain of command diminishes the amount, speed, and 
accuracy of communication. In fact, Jablin (1979) found that employees in tall organizations consistently distorted 
upward communication in an attempt to please the boss and avoid negative repercussions. More and more, the ability to 
remain competitive is dependent on these multi-directional communication characteristics. Quality in a fast-paced global 
market is now defined, not only in tenns of zero-defects, but as a function of speed. Consequently, even the smallest of 
market-driven companies identify inexpensive internet resources for their employees to stay abreast of accurate, timely 
information about demographic shifts and developing world-wide markets. The information must be quickly processed 
within the system and a decision made. Getting innovative products to market that are delivered quickly has become the 
hallmark of information-age quality. This breathless pace requires that organizational structure be intentionally designed 
for agility anq mass customization (Pine, 1993). 

Responsive companies are structured around work processes that flow horizontally through an extended organization 
that includes both the supplier and customer. Customer feedback is relayed to suppliers, reprocessed within the 
organization, and is returned to the customer as an improved product. Networks inside the organization allow 
infonnation to flow in multi.pie directions quickly as needed, often through cross-functional teams. Teams are lead by 
trained individuals who have no formal authority over other team members. In short, these organic matrix organizations 
are intentionally designed to improve communication and cooperation systematically, thus reducing suboptimization. 
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Organizational Cu/Jure 

"Organizations are cultures" (Littlejohn, 1989, p. 246). Culture is "shared meaning, shared understanding, and shared 
sense making" that distinguish one organization from another and that guide the interpretatio~, of events and behavior of 
individuals and units (Morgan, 1986, p. 128). Organizational cultures begin with the manner in which and purpose for 
which the organizations were founded. Values, beliefs, myths and rituals help individuals and units interpret information 
and behavior so that they know how to respond in a variety of situations. Large cultures such as General Motors and 
Ford have found it difficult to change from authoritarianism to empowerment simply because the value of a top-down 
approach dominated the early culture. 

Cultures.are helpful because they can give meaning and purpose to work in the company and facilitate communication. 
Normally, organization-wide culture helps to bridge cross-functional commwiication and reduce suboptimization. Much 
like the collectivistic culture of the Japanese helped them adapt readily to Deming's approach to team work, 
organizations may find their cultures prepare them for equally significant change (Walton, 1986). On the other hand, · 
when change is necessary, certain aspects of culture may stand in the way, thus suboptimizing the organization. For 
example, cultural differences between engineering and administration may become breeding grounds for functional 
(read: suboptimal) behaviors. 

Changing culture is difficult and must be preceded by changes in organizational structure and reward systems. These 
modifications change behaviors which, over time, change the shared values and beliefs of organizational members. 
Once again, middle managers must be trained in cross-functional team methods and financially rewarded for cooperating 
with superordinate goals of the company to release employees for service on cross-
functional teams. To change the culture requires having to change multiple variables within the organization. 

SUMMARY 

Suboptimization continues to plague even the most progressive of organizations. In spite of the fact that many 
organizations are developing cross-functional platform teams, problems will continue to plague companies whose 
reward systems, policies, and financial systems discourage cooperation and communication. Further, if boards 
continually reward CEOs for quarterly performance and if CEOs reward executives for only the performance of their 
divisions, ·.then even heroic efforts at integrating the company through cross-functional teams· at lower levels will fail. In 
a similar way, vertically-structured short-term financial and accounting systems are often working against these same 
teams who are attempting to integrate the organization. 

While understanding that culture is important, what is needed is a systems approach to designing and redesigning 
organizations (Senge, l 990~ Hammer & Champy, 1993). Companies need systems training and education at the highest 
levels including board members, CEOs and executives. Organizational structures and subsystems need to reflect and 
reward the horizontal nature of processes that flow from the supplier to the customer through the extended enterprise. 
Leaders must demonstrate the ability to integrate functions, processes, and quality management concepts with out 
reacting to the latest management fad they heard (Bennis in Loeb, 1994). There must be incentives for them to stay for 
the long-haul. Boards need to involve stakeholders rather than only stockholders to bring the quarterly system into check 
and balance. 

It should be noted that while suboptimization can be reduced, it can not be eliminated for two reasons. First,·the 
improvement of systems is a continuous process and there is no such thing as "arriving" at perfection. Perfection is a 
direction,that good leaders move their companies toward as they interact with the social, political, and economic 
environment Second, all systems tend toward disorder. This inherent entropy applies, not only to physical systems, but 
to social systems as well (Kreps, 1990). Continually at work in the system is hwnan nature. Even with the best of 
integratedtbehavioral reward systems, human beings will react, at times, in irrational, selfish, or self-destructive ways. 
Further, other reward systems, outside the work place may be factors in hwnan behavior at work. 

Finally, changes in structure must precede any serious attempt at behavioral and cultural change. This makes 
organizational design and redesign an important role of leadership. Leaders must design organizational structures that 
support the mission, vision, values, and strategies of the corporation. 
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Total Quality Management (TQM) has emerged as a potent competitive weapon in increasing productivity and 
improving quality in many manufacturing firms. Following the path of corporate America, many American 
universities have started implementing TQM as well. This paper discusses the challenges of implementing TQM 
in higher education. It also addresses the essential elements for the introduction of TQM in higher education. 

INTRODUCTION 
Lately, many universities have been taking their first steps toward employing TQM techniques in their operations, 
as well as in the academic side of business. Bailey and Bennett (1) cite that the challenge to implement quality is 
not from international competition but from the domestic competition for qualified graduates. 

Universities are very complex organizations. A typical campus encompasses a bookstore, dining hall (restaurant), 
dorm (hotel), public safety (police force), plant operations (maintenance and construction company), athletics club, 
entertainment center, and health center (clinic). All of which supposedly support and complement a collection of 
fiercely competitive (internally) academic departments that deliver the institution's core product. · Each segment 
shares attitudes and technologies common to its industry, albeit tempered by its association with the others and 
with the traditions and expectations of academe. Hubbard (4) states that any attempt to slavishly apply Deming's, 
Crosby's, Juran's, or any other guru's model to every segment of an educational institution is probably doomed from 
the outset. Nonetheless, the system in all of its diverse dimensions - from the registration of students to the 
presentation .of ideas - can be managed in ways that maximize quality outcomes. Furthermore, while there are 
identifiable differences between manufacturing a product, teaching a course, and delivering a service, many of the 
principles and techniques used in managing manufacturing quality can be applied to managing educational quality. 

CHALLENGES TO TQM IMPLEMENTATION IN UNIVERSITIES 
Adopting the philosophy of TQM and its tools in universities could revolutionize how higher education is delivered 
and managed. Unfortunately, Turner (8) has found that most college faculty members perceive TQM as an alien 
business philosophy, especially when terms such as "customers," "suppliers" and "processes" are used. Because of 
that, it is obvious that the road to TQM implementation in universities is difficult with traditional obstacles and 
many challenges. In reviewing the existing literature, universities implementing TQM are facing four main 
challenges. First is the faculty's resistance to change and the traditional university system. Second is how quality 
is. defined. -Third is the question of who the customer is. And last is understanding work processes. 

Resistance To Change 
Universities are very well structured systems that are built around professors, who value their academic freedom 
and are protected with tenure. Universities are also "traditional," encourage specializations, foster 
"compartmentalization," and do not subscribe to "competition." 

Definitely some faculty will play a major role in resisting change and TQM. Some will resist it because they 
believe it is a fad. Others perceive TQM as a threat to "academia" because it brings many business terms and 
concepts such as customers; processes, suppliers, accountability, efficiency, cost reduction, quality, etc. Some 
faculty may not trust TQM because, in their opinion, there is nothing "total," faculty exemplify "quality" and you 
cannot "manage" academia. 
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Faculty usually do great "describing" - course outlines, scheduling, what courses students should take to graduate, 
the qualifications of faculty to be hired, and so on. They spend much less time, however, analyzing the way they 
work, teach, advise, admit or register students, or attempt to become better at-what they do in a systematic and 
continuous manner. Faculty are not bashful about recommending changes; that is for everyone else but 
themselves. Traditional university structures are designed to withstand change, not precipitate change. It is very 
difficult to institute change in a university where little perceived need for change exists. In many ways, 
universities have institutionalized the old maxim, "If it ain't broke, don't fix it," while at the core of never-ending 
improvement is another, equally venerable maxim, "Standing still is moving backward." 

What is Quality? 
Seymour (6) cites that there is prevailing "quality" paradigm on campus - "Quality is ours to define and manage 
even ifwe are not quite certain what it's all about." Therefore, many of the issues .relating to quality are processed . 
within the boundaries of this paradigm; one that provides comfort and stability to professors, administrators, and 
staff in the course of their daily decisions. 

Traditionally, universities tend to define "quality" in their own technical term: the number of Ph.Os on the faculty; 
number of faculty publications published in refereed journals or presentations; the size of library holdings; size of 
the endowment; amount secured in grants; or gaining and maintaining accreditation from appropriate accreditation 
agencies. According to Seymour [ 6] these are the nuts and bolts of higher education, but it has become evident 
that employees and students, the primary customers of universities, need and want more than library books and an 
impressive set of faculty degrees enumerated at the end of the college catalog. Furthermore, many of the overseers 
and castanets of universities, such as federal agencies, parents, employers, and state citizens are increasingly 
raising their concerns regarding the quality of higher education. In addition, with the continuously increasing cost 
of-higher education, more universities are being asked to define and measure their quality in a more meaningful 
term to their stakeholders. 

Who Is The Customer? 
Any TQM implementation begins with identifying customers, assessing their needs and requirements, and 
focusing the organization's efforts to meet or exceed them. Identifying customers in universities is a major 
challenge. Universities often work with many constituencies, including students, parents who pay tuition bills, 
employees, government agencies, surrounding communities, and state citizens. Fram and Camp [4] recommend 
that each university must determine, based on its own circumstances, how many of these constituencies are part of 
its customer base. 

Many TQM in universities model treat students as the main customers. This idea is probably the most 
controversial for educators according to Turner [8]. This idea implies a shift in power. Customer focus means that 
a customer's needs should be met, and success is determined by how well those needs are met. Therefore, 
instructors should measure success by how well students are learning and how worthwhile the students find their 
class experiences. In addition, instructors should become more open to student feedback since it is the most 
important feedback they can receive regarding quality. Sirvanci [7] suggests that students as customers can play 
four different roles within educational institutions. In the first role, students are the product-in-process. They are 
the raw material when admitted to the school and the finished product following graduation. In the second role, 
students are the internal customer for many campus facilities, such as food services, dormitories, and bookstores 
for example. In the third role, students are the laborers of the learning process. Students are not just passive 
recipients of education; they are actively involved in the learning process. Lastly, students are internal customers 
for the delivery of course material. To improve this component of classroom teaching, the best feedback comes 
from the students taking the class. In this case, student evaluations and satisfaction are appropriate measures of 
performance. 

Understanding Work Processes 
Though many agree with the value of managing.by facts by using Statistical Process Control (SPC) tools to assist 
in managing processes, as well as measuring and controlling quality improvement efforts in higher education, 
there still are few examples of the actual utilization of these tools. Universities are complex organizations with 
many processes. Examples of su,ch processes are: student admission and registration, payroll, grade processes, 
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faculty recruiting, purchasing, and faculty retention, promotion, and tenure. When processes are not fully 
understood, unexpected effects begin to produce undesirable results, such as confusion, waste, high cost, and poor 
custom~r service. Reasons behind not devoting efforts to understanding work processes in universities are: 
unfamiliarity with TQM, limited involvement of top administrators in daily operations, heavy focus on increased 
enrollment, and no long range planning. 

In addition, the practice of managing by facts does not exist in many educational institutions. This is caused in 
large part by the belief of the administrative staff and managers that they could cope with any workload and solve 
any problem by using their expertise and experience alone. this is what might be called righteous arrogance or 
having a "This is how we've always done it" mind set! Universities should accept the concept of managing by 
facts. Decisions need to be made based on data. Problem solving, identifying improvement opportunities in 
processes, eliminating waste and defects from processes and services, finding the root causes of problems, and 
discovering what it takes to satisfy customers all requires data. 

ESSENTIAL ELEMENTS FOR THE INTRODUCTION OF TQM IMPLEMENTATION 
IN HIGHER EDUCATION 
TQM implementation in universities is still in its infancy. But in spite of its youth, there have been reports of 
numerous universities that have opted to join the "quality management" revolution, which swept the manufacturing 
sector of the economy. These universities have dared to rock the boat and challenge the traditional way of 
managing a university by taking a more risky path encompassing TQM. However, TQM implementation in 
academic institutions is not just a few teams busy working on quality improvement projects, but it is a fundamental 
change in management. · It requires many changes in the organization and its business strategy and management 
culture. Changes range from dealing with students· and suppliers, to professors' involvement, to ~dministrators, 

· and employees' responsibilities in managing processes as well as collecting and analyzing data. Hence, many 
elements have to converge smoothly in lock step for TQM implementation to be successful. These elements are 
listed below. Keep in mind that the order and importance of these elements may vary from one academic 
institution to another. 

Leadership With Vision 
Leadership with vision is the most important factor for the long-term success of every TQM process. Leadership 
roles of the president, board of trustees, vice- presidents, deans, and department chairs are essential in launching 
and supporting TQM in any university. Their responsibility starts with being a role model for TQM behavior and 
includes directing the organization through a quality vision statement, putting quality at the top of every 

· management agenda, and deploying quality goals throughout the organization. They should lead and empower 
people to implement TQM, and manage processes that will evaluate and recognize TQM progress. 

A Competent Quality Leader and Council 
Selecting a competent quality leadet to lead TQM efforts is vital to the success of TQM in any university. This 

· leader will be responsible for planning scheduling and even conducting training and would be a quality resource 
available for everyone in the university. He/she will help empower faculty and staff in the diagnostic and 
implementation phase ofTQM, and may even have to "coac~" senior management and facilitators. The quality 
leader needs extensive training in quality concepts and tools as well as a solid experience of operations in the 
organization. 

Led by the quality leader, the quality council should include faculty, staff, and administrative representatives. The 
quality council makes all decisions regarding the planning, directing, and supporting of TQM. It is also 
responsible for reviewing and rewarding quality teams, and it is the formal structure for quality leadership in the 
organization. 

Faculty Involvement 
Not all faculty automatically buy into the TQM process. Some perceive it as just another management fad. Still, 
faculty should be integrated into the TQM process as early as possible. They can participate in the quality council, 
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TQM training, quality improvement teams, and could even play a key role as team leaders and facilitators. If their 
role and involvement are well defined early on and in operational tenns, many of them will emerge as true 
believers and leaders of TQM. · 

Develop a Clear Quality Vision and Strategy 
Developing a clear quality vision and strategy that maximizes involvement, support, and ownership by top 
management, faculty, and employees is essential to TQM success. Top management, the quality council, and the 
quality leader should study and evaluate available quality systems such as the philosophies of Deming, Juran, 
Crosby, Ishikawa, TQM, TQC, etc. Then, they should develop a clear strategy which can fit the organization's 
culture, people, and needs, and can be accomplished by its leaders and staff. 

Customer Focus 
Being "customer focused" is one of the main fundamental beliefs that drives the organizations which are most 
successful with TQM. This includes identifying both internal and external customers and meeting and exceeding 
their expectations. However, since the customer-supplier relationships in universities are relatively complex, many 
universities started focusing their attention on the ultimate customer: the student. Although many students are not 
qualified to judge the technical quality of education, listening to their concerns and their needs may provide great 
insight on how to improve the quality of education in a university. Since, traditionally, most processes are 
designated for the convenience of the faculty in universities, focusing on the customers, by identify them and 
listening to them, could uncover many of the problems in these processes and ultimately improve them. Focus on 
customers should include establishing a process to understand and measure expectations as well as setting up a 
mechanism to effectively respond to customer needs. Students' suggestions and concerns could help universities to 
improve admission, registration, and advising procedures, and in general, improve the quality of education offered 
to students. 

. Timely and Adequate Training and Awareness for Everyone 
Deming always stated that 85% of quality problems are under the control of management. Therefore, timely and 
adequate training for top and middle management is vital to TQM success. This training should be planned and 
led by the quality council and the quality leader. First, emphasis should be on basic awareness of the quality 
principles and how to manage with TQM. Then, training should be directed toward the quality improvement 
process, along with the introduction of basic team building, problem solving and SPC tools. After their training, 
top managers should play an important part in the middle management and staff training and awareness sessions. 

Once top management training is complete, top management and the quality council become responsible for 
educating and spreading quality awareness to all other levels of the university. Quality training is an important 
vehicle that empowers. employees to apply TQM in their daily work. Training should be developed with 
curriculum balanced between analytical and behavioral skills. Trainees should be given the opportunity to interact 
with one another and to apply new concepts and skills as they learn them. More specialized training should be for 
immediate use of as close to use as possible. Communication should be extended to everyone in the organization 
and meetings should be held. Discussion should be encouraged so everyone will know why TQM is being adopted 
and the effect it will have on everyone as well as on the organization's future. 

Defme, Analyze and Improve Processes 
The manage~ent of processes is a key element of establishing the process of continuous improvement in 
universities. That includes defining and analyzing processes through conducting interviews and reviewing 
existing documents and procedures. The result is a documentation of the organization's processes showing all 
activity involved, products or services generated, information processed, people, supplies, equipment, and 
technologies used to perfoqn such processes. Flowcharts could be used as tools to describe visually some of the 
processes. Process improvement teams consisting of faculty, staff, and employees can play a great role in defining, 
analyzing and documenting such processes. Then, they should identify quality measurements and indicators what 
will be required to assess any improvement in these processes. Through data collection and statistical analysis 
using SPC, improving processes can be accomplished. This TQM improvement system that manages and 
improves processes will be able to improve many functions such as admissions, advising, registration, food 
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services, and plant operations in a university. Through participating in process improvement teams, everyone in 
the university will feel empowered to constantly improve services, processes, and procedures. 

Integration of Management Systems 
For TQM to be a way of doing business, it has to be integrated into the mainstream management systems. This 
includes management systems such as strategic planning, budgeting, information systems, performance evaluation, 
retention, promotion and tenure, and the organfaational infrastructure. 

Involving Local Business and Major Corporations 
Local businesses and major corporations which are interested in TQM can provide support and help that will 
facilitate the implementation of TQM in universities. They can provide grants, technical support, training, and the 
sharing of TQM experiences with universities. Local businesses and corporations can be instrumental in the 
success of TQM implementation in universities. 

CONCLUSIONS 
By its very nature, TQM is a never ending cycle of improvement. The quest for TQM by academic institutions-has 
been and continues to be a complex process. However, many universities have made significant efforts toward 
TQM implementation and all projections show a good future for TQM in universities. For successful 
implementation, a quality vision and strategy has to be led and supported by top management, and a wide program 
of communication, education and training must be followed by the use of SPC principles in managing processes. 
The total involvement and commitment of everyone concerned with quality and efficiency of service are essential 
for TQM to be a reality. 
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ABSTRACT 

We discuss health incident, disease, and vaccination rates from a statistical 
process control (SPC) perspective as recent examples to understand and improve 
military readiness and peacetime health system performance. 

INTRODUCTION 

Importance of SPC in Health Care 

Central to the use ·of statistical process control (SPC) in healthcare is the recognition of the 
existence of processes of all data and outcomes being generated by these processes and of the value in 
examining the performance of critical processes longitudinally over time. Statistical quality control 
(SQC) and related methods help a decision-maker or analyst make fact-based decisions based on 
statistically valid interpretations of process data rather than, for example, on anecdote and intuition. 
The implications of · a lack of statistical control in healthcare processes, moreover, can be quite 
profound, especially in clinical situations for which unnatural variation directly indicates the lack of 
consistent and predictable processes which reliably perform the same procedures in the same manner. 
Technically,. in fact, from an SPC perspective the lack of a state of statistical control indicates that a 
single ·consistent process does not exist. From both the patient's and the provider's viewpoint, 
evidence of inconsistent ·healthcare therefore is a significant concern. 

Use of SPC and continuous quality improvement (CQI) methods therefore now are being strongly 
endorsed and in some cases required by various national or regulatory bodies, including the Center for 
Disease Control, the Joint Commission for Healthcare Accreditation, HCFA, NCQA, and others. 
Meanwhile the exponential growth in computer use and data storage provides ample access to 
necessary data and an excellent opportunity to apply SQC/CQI methods, to an extent which in fact 
often does not exist in other industries where these. methods are successfully used nonetheless. In 
fact, in many cases more than enough data tend to be collected systematically but then not exploited 
to their greatest potential for understanding, monitoring, and improving process performance. 
Further information on statistical quality control methods, their role in healthcare, and various 
examples can be found in sev~ral of the references [1-4]. 
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Importance of SPC to U.S. Air Force Health Systems -

As the largest provider of healthcare services in the United States, the U.S . military clearly stands to 
benefit ' from improved and more consistent operations, health services delivery, and clinical care. 
Additional and real concerns include ensuring military readiness, providing the best possible disease 
protection to all service men and women·, and optimal peacetime care. For example, recent 
problems when needing to deploy troops to some theater or duty have been the occurrence of 
incomplete vaccinations, missing items on physical or in medical record, or otherwise deficient or 

· incomplete records. In such situations, a commander can make one of two choices, either to delay 
personnel deployment until the proper vaccinations have been given ·and sufficient resistance has 
been built up (potentially an unrealistic delay) or in more urgent scenarios to be forced to deploy 
personnel without sufficient protection against disease or other health threats indigenous to that 
particular' theater or geographic region, thereby placing them at increased risk. 

The U.S. Air Force Surgeon General's Office therefore recently has been exploring how SPC can be 
used to help study, control, and possibly reduce the rate of such problems so that USAF personnel are 
in a better state of readiness should deployment be necessary. In particular, application of statistical 
control charts to several representative data sets has revealed that significant potential exists to 
identify problematic situations, temporal changes in patterns and rates over time, and differences 
between processes ( e.g., facilities, locations, types of omissions; et cetera). A few examples are 
discussed below which illustrate only a few of many potential fuses along these lines. Recent efforts 

. to implement an SPC-.based information tool using the internet and world wide web to monitor the 
rates of health incidents, disease occurrence, and adverse events at USAF bases around the world is 
discussed in a companion paper [5]. 
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SO:MEEXAMPLES 

Health Incident Rates by Location 

Several beneficial uses of SPC to-date include applications to vaccination rates, health incidents and 
injuries, adverse events , emergency room visits, ambulance usage and air evacuations, incomplete 
medical records, deficient or unavailable medical records rates, and others. As one example, Figure I 
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illustrates control charts for the rate of medical procedures at two different bases. As can be seen, a 
statistically significant increase is clearly evident by the upward trend and points above the upper 
control limit in the first case, whereas the incident rate in the second case has decreased and, 
although initially out-of-control, now appears to have stabilized. In both cases, after identifying 
these events via the use of control charts, epidemiologic or other investigations now should be 
conducted to determine what has caused one rate to increase and move out-of-control and the other 
to decrease and achieve a state of statistical control. 
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Vaccination Rates 

With respect to the concern over proper inoculation protection and military readiness, Figure 2 
illustrates two control charts for the fraction of personnel who may be deployed or whose cases 
otherwise are reviewed each week but who are found to not have the proper vaccinations for 
menigocol and for yellow fever, respectively. Note that the rate of yellow fever vaccinations, when 
considered as a process over time, appears to have been fairly stable and consistent until recent weeks 
for which the fraction exhibits an upward trend to the point where one given week exceeds the upper 
control limit. Again, from an SPC perspective the identification of such unnatural variation should 
be followed by an effort to determine what happened differently that particular week (i.e., what the 
"root causes" are). The rate of missing menigocol vaccinations, moreover, exhibits even less stable 
behavior, with several points above the upper control limit and other possible within-limit rule 
violations. 

Disease Incidents 

In a similar application, the fraction of personnel medical records found to have any of several 
possible types of deficiencies were examined from an SPC perspective. As two examples, Figure 3 
illustrates two control charts of the weekly fractio.n of all examined medical records examined each 
week which were found to be deficient at two different military bases. Note that these figures reveal 
two completely different process behaviors, with the first base exhibiting a fairly good state of 
statistical control but the second base exhibiting a pronounced increase and lack of any sort of regular 
process. Although dissettling, this discovery also represents a good opportunity to understand why 
these two bases perform · differently · and to transfer any insight from one to the other. 
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·Some\.v:hat similarly, Figure 4 compares the rate of two different medical diagnosis categories (:t-4.DC's) 
of similar types of ICD-9 codes. As can be seen, the rate of MDC 16 health incidents ("Symptoms & 
Signs of Ill-Defined Conditions") per thousand active duty personnel appears to have exhibited only 
natural variation over this time period, with no indications of any significantly different events, 
increase, or decreases. Conversely, the rate of MDC 8 health incidents ("Diseases of the Respiratory 
System") per thousand active duty personnel clearly increased about two thirds of the way through 
the time period examined and displayed here, with the control chart indicating· two different 
processes. Again, this increase ideally would be detected as quickly as possible and an invention then 
made to discover and address any root causes. 
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Emergency Services Utilization 

As a final example, Figure 5 compares control charts of the number of emergency room visits for 
two different bases, with the first case exhibiting a fairly stable process over time with just a few 
special cause events which might be inve_stigated. The behavior exhibited iri the second control 
chart, however, is somewhat different, here with an early decrease in the ER visit rate followed by an 
apparently. stable rate afterwards up until the next to last week. Note that this value is almost twice 
the distance above the center line as is the upper control limit (i.e., at approximately six standard 
deviations above th_e norm) and represents a classic example of an out-of-control point which should 
be detected as soon as possible and then immediately scrutinized and addresses as appropriate. 
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FUTURE DIRECTIONS AND RESEARCH ISSUES 
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With "proof-of-concept" of the appl ication of SPC to USAF medical data demonstrated and interest 
sufficiently raised, we currently are exploring several future directions from here. These include 
more widespread and systematic use of SPC, design and implementation of a web-based information 
system to enable the availability of process information at any given installation, and the need to 
address several research issues which arise in this environment. Some these issues meriting 
examination . include: 

• The effects of independence assumptions, w ith negligible auto and cross correlation 
structure; 

Identification of the optimal control chart design, including subgroup size., sampling 
frequency, and to some extent the limit width (a frequently misunderstood topic); 

Investigation of the performance of charts when using various sets or subsets of 
supplementary within-limit rules for detecting out-of-control phenomena; 

Possible use of more powerful types of control charts for detecting smaller anomalies in 
the data faster (i.e., with higher probability), including EWMA, Cusum, Q, g, and other 
methods; 

Alternate possible approaches to low frequency events in order to increase the probability 
of earliest possible d~!ection; 
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Improved methods for various types of non-standard probability distributions which tend 
to arise in certain healthcare scenarios; and 

• , Certain types of multivariate, correlated, non-homogenous, and mixed distributions which 
widely exist when aggregating data _in many of the cases here. 

For example, the appropriate control charts are not the same when dealing with high-level data that 
are aggregated across several dissimilar sub-levels (e.g., facilities). As an example, if vaccination or 
other rates for individual facilities are aggregated into overall · rates per region, then the appropriate 
charts for the higher level metric are no longer the same as previously. In such cases, the correct 
limits usually are tighter than those based on the usual charts, which tends to cause true out-of
control signals to be missed, whereas if the standard charts appear out-of-control then the correct 
charts would definitely be out-of-control. A related concern regarding aggregated data is that if one 
only examines higher level metrics, then either the entire process may look out-of-control when -

. only one or some of the contributing processes (e.g., facilities, departments, or disease types) 
actually is not stable, or the entire process can appear in-control when in fact some of the sub
processes actually are out-of-control, resulting in missed improvement opportunities. These and _ 
several related research issues are discussed in greater detail elsewhere [7,8]. 
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Abstract 

In statistical process control analysis (SPC) the use of three-sigma limits has been the standard practice for more 
than 30 years. However, as we increasingly rely on automated data collection methods, which collect vital sign data 
at rapid rates, the continued acceptance and use of three sigma limits as appropriate for biological data must be 
examined. 

Clinical vital sign data may be collected as fast as heartbeat to heartbeat. This rate of data collection, appears to 
increase the number of chance caused outliers when three sigma control limits are used. This study investigates the 
accuracy of this impression and then identifies ways to eliminate or reduce the high probability of chance outliers. 

Three methods available to reduce the number of chance caused outliers per subgroup are: (a) to require that vital 
sign data use a run of points beyond the three sigma limits before alarms are sounded or limits are recalculated, (b) 
increase the number of observations in each subgroup to reduce the risk of outliers, or (c) to increase the range to 
include the use of four, five, or six sigma limits . 

. This paper examines the selection of an outlier rule (2, 3, 4, .-.. sigma limits) as a function of data 
generatinwsampling rates. The conclusion is that in environments where data are collected at a rapid rate, type I 
errors may be reduced by increasing subgroup size or by using six-sigma control limits. 

Introduction 

In statistical process control (SPC), control limits are set to determine when a change in a process has occurred. 
Comparisons between base period subgroups (the subgroups used to calculate the control limits) and sample 
subgroup averages and standard deviations indicate if a subgroup has the same or different mean and distribution as 
the base period subgroup. Control limits (sigma limits) are set to balance type I and type II errors. A type I error 
results when the user assumes a change when no actual change occurred. A type II error results when the user 
assumes no change and a change has occurred. 

Initial attempts to use automated computer data collection and statistical process control (SPC) for clinical data 
analysis indicated that the SPC tended to show many chance outliers (false alarms). Experience has shown that if 
there is an excessive number of false alarms, then caregivers may ignore the alarms. Medical experts suggested that 
biological data are somehow different and outliers should be expected. At first the researchers accepted the notion 
that biological data are different; but over time we began to ask following questions: 

How are biological data different? 
Why are the biological data sets different? 
In what ways do these differences effect the analyses? 
Are the differences due to causes other than the source of the data? 

Before computer data collection methods were developed, SPC control charts were produced after vital sign data 
were collected by nurses each hour. No problems were apparent with using three sigma limits or the theory of run 
rules listed in Table 1 to indicate a change in the patient's vital signs. However, when vital sign data were collected 
using computer monitoring, the number of outliers increased. · 
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Table 1 Run rules 
1 subgroup beyond 3 sigma 
2 of 3 subgroups beyond two sigma 
4 of 5 subgroups beyond one sigma 
8 subgroups in a row on one side of the average 

The researchers examined the use of the theory of runs for a SPC grand mean control chart (similar to the EWMA 
chart) for automated collected data and found that when a subgroup indicated a change in process, the next subgroup 
was likely to be beyond the three sigma control limits. Due to high autocorrelation in the data, when one rule 
indicated a change in the process, subsequent subgroups also supported application of succeeding rules. Therefore, 
autocorrelation nullified the need fo_r the theory ofruns(l). This finding provided justification to concentrate on a 
single out of limits rule. The biological data indicated the presence of a number of by chance alone (self-correcting) 
outliers, but fewer outliers were recognized than when we utilized the theory of runs. Slowly we realized that the 
key difference was not the "biological" data, but the data collection rate. · 

Timing of data collection 

The researchers, industrial experience was similarly limited to collecting a subgroup of data once a day or once per 
hour. For these data sets, the three-sigma rule and the theory of run rules were adequate. Therefore, the researchers 
were not prompted to search for other rules. 

Clinical data display and collection rates for heartbeats vary from once per heartbeat, to once per second, to once 
_ every two seconds, to once every five seconds, and so on. Using the industrial standards of practice (for newborns 

with hear rates up to 200 beats per minute or more) of sampling subgroup sizes of n = 5 and three (3) sigma limits, 
_ one can expect one outlier by chance alone every 10 minutes or approximately 6 per hour. An unacceptably high 
rate. Figure 1 illustrates these results with a simple mathematical equation. 

Figure 1 Expected Outliers as Control Limits Widen (subgroup size n=5) 

Heartbeats: 200 
Subgroup size: 5 

Sigma Normal One Two per Per per 8 hr per 24 

Limits tail Tails minute Hour Shift hour period· 

3.00 0.9987 0.0013 0.0027 0.1080 6.4798 51.8387 155.5162 

4.00 1.0000 0.0000 0.0001 0.0025 0.1521 1.2167 -3.6502 · 
5.00 1.0000 0.0000 0.0000 0.0000 0.0014 0.0110 0.0331 
6.00 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 

Possible Solutions 

The number of outliers may be eliminated or reduced with one or more changes: (a) skip data between subgroups; 
(b) increase the subgroup size; (c) use a series of subgroups beyond three sigma rather than one subgroup; or (d) use 
4, 5, or 6 sigma limits rather than 3 sigma limits. 

The physicians consulted during the study objected to skipping data observations. Realiz~g that computerized data 
collection provided the opportunity to make decisions on more than one human recorded data point per ½ hour, 
physicians believed that it would be bad practice not to use all available information. This reaction persisted despite 
the fact that clinical monitors record data at varying rates; some clinical monitors send data at each heartbeat, while 
others send data every second, every two seconds, every five seconds, and slower (2). 

When the data generation rates vary, it is common to change the subgroup size. A subgroup size of one is 
sometimes selected when the data generation rates are slow, such as once a day or once an hour. We have used 
subgroup sizes of n=20 for newborn babies using monitors with high data generation rates; however, some 
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caregivers have reacted negatively to high subgroup sizes fearing they would loose detailed information. Figure 2 
illustrates the spreadsheet calculations for a subgroup size of n=20. Using a subgroup size of n=5 and 3 sigma limits 
the number of expected outliers per hour is 6.5 while using subgroup size of 20 and three sigma limits the number of 
expected outliers per hour is 1.6. 

Figure 2 Expected Outliers as Control Limits Widen (n=20) 

Heartbeats: 
Subgroup size: 

Sigma Normal One Two 

Limits tail tails 

3.00 0.9987 0.0013 0.0027 

4.00 LOOOO 0.0000 0.0001 
5.00 1.0000 0.0000 0.0000 
6.00 -1.0000 0.0000 0.0000 

per 

200 
20 

minute 

0.0270 

0.0006 
0.0000 
0.0000 

per 

Hour 

1.6200 

0.0380 
0.0003 
0.0000 

Per8 hr 

Shi(t 

per24 

hour 
period 

12.9597 38.8791 

0.3042 0.9126 
0.0028 0.0083 
0.0000 0.0000 

Like all processes, biomedical processes (patient vital signs) may have small shifts and large shifts or jumps. A 
small-sustained shift can be identified from data of subgroups with results beyond the three-sigma limits. Our 
hypothesis is that using a single point beyond six-sigma limits rather than a run beyond three-sigma limits will more 
correctly identify a large substantial change. Analytical and simulation analysis indicates that when 6-sigma is used 
rather than 3-sigma there is a 100 percent reduction of outliers that occur by chance alone. 

To compare 6-sigma to 3-sigma decision making using real observations, a data set was selected which was 
collected in June 1997 for early term newborns that had minimal respiratory problems. The criterion for comparing 
3-sigma limits with 6-sigma limits was the number of automatic resets generated by the software for oxygen 
saturation and heart rates. Subgroups of 20 observations were compared. The oxygen saturation reset rule required a 
run of 10 subgroups in a row beyond the control limits or if the value of oxygen saturation was over 92 percent then 
25 subgroups in a row beyond the control limit were required. The heart-rate reset rule required a run of 10 
subgroups in a row beyond the control limits. 

Data were charted using both 3-sigma and 6-sigma limits, to compare the number of resets. Each statistical process 
control chart represented approximately 35 minutes of observations. Figure 3 illustrates an oxygen saturation and 
heart rates screen by showing one screen using 3-sigma limits. Similarly, Figure 4 illustrates the screens for 6-sigma 
limits. 

Fi limits 

awz• z:aPFt _. ~ m 
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Figure 5 summarizes the screen by screen analysis of all the original data files collected at Brighman and Women's 
Hospital (Harvard Medical School) in the NICU for short-term patients during the summer 1997. The chart shows 
the percentages of changes in oxygen saturation when 3 sigma and 6 sigma limits are compared. Comparisons of 
the data screens found that on 68 percent of the screens no differences were found between 3-sigma and 6-sigma 
limits. In 19 percent of the observations, only one significant difference was found. Two differences were found in 
only three percent of the observations and on one screen, the 6-sigma limit reset one more time than the 3-sigma 
limit (a negative change). In eight percent of the observations, the timing of the changes differed. 

Figure 5 

Oxygen saturation 3 vs 6 sigma 
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Figure 6 shows th~ number of heart rate resets based on comparisons of the 3 and 6-sigma limits. Three-sigma limits 
resulted in more resets than 6-sigma limits in almost½ of the comparisons. In 32 percent of the screens, 3-sigma 
limits resulted in one more change. than 6-sigma limits. In 11 percent, two more changes were found, and in 5 
percent, three changes more than 6-sigma. Timing changes were found in 24 percent of the screens, and no change 
was found in 27 percent. The larger number of resets using 3-sigma limits suggests that so,me of these resets were 
due to chance and were eliminated by using 6-sigma limits. In addition, we know that oxygen saturation is a more 
stable process than heart rate and reacts to a different set of causal factors. 
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Conclusions 

Figure 6 

Heart rate 3 versus 6 sigma 
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From this study, we have learned that when oxygen saturation is monitored there is almost no difference between 
using 3 or 6-sigma control limits. The researchers have experience using 3-sigma limits for both stable newborns 
and critical newborns. The analysis of stable newborn's oxygen saturation indicating a 2 percent difference between 
3-s~gma and 6-sigma limits does not justify a change. 

The researchers know that heart rate behavior is often self-correcting, that is, the heart rate changes for a short 
period of time and then returns to its prior level. This analysis of stable newborns' heart rates indicates a 30 percent . 

· difference between 3-sigma and 6-sigma limits does justify an additional study to examine the effect of changing 
control limits on a more unstable set of patients to identify the most appropriate control limit. 
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NEXT GENERATION SEARCH ENGINE: ECOSEARGINE A CASE STUDY 

Abstract 
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Currently, the Internet encompasses millions of · hosts and terra
bytes of public accessible information. However, the Internet 
infer.nation system does not provide its own feature for information 
searching. There are many search engines that can help the user to 
loca t e t:-1.e i:iformation on the Internet. However, these kind of search 
e:;.gines encou::-:e= ei t:her the network or server bottleneck, because of 
the inefficient architectures, and the large amount of information that 
has to be retrieved. Moreover, the current search engine can not provide 
the most uodated and accurate information to the users. 

Ecos~argine is a search engine system for locating economic 
infor.:\at:ion on the Internet. Ecoseargine is built by using Harvest . It 
is a distributed architecture that supports object searching on the 
Im:e=:iet. 

The architecture of Ecoseargine consists of four parts: Gatherer, 
Broker, Object. Cache, and Replication Manager. The Gatherer collects 
infor:nat:ion on the Internet, and extracts them to create the objects. 
The Broker provides a database, formed by objects · collec~ed ·f=o:n 
Gathere=s and an interface for users to query. 

This paper is focusing on the proposeals of next genear-:ion serach 
engi:ie. We give some suggestions about further extensions. We also 
propose the use of independent gathering and indexing techniques to 
provi.ce- the abilities of seaching the ne•liest and most accurate 

· infor;nation from the Internet with efficient sys.tern performance for the 
search engine. We propose to provid the· featu=e of information refining 
on the new search engine to help the user to select what they want from 
hundreds or thousands of the searching results. And we recommend that 
each Internet server should provide a resident program in charge of 
sending updated information to some registered search engines. 

· Our proposals will help the next generation of search engines to 
provide more accurate, updated information to the users. And the search 
engine wili' be more easy to use. 

Search Engine 

Currently, the Internet encompasses millions of hosts and terra
bytes of public accessible information . While the Internet is 
exponentially expanding and Internet publishing has become easy and 
popular , making effective use of this publicly accessible information 
a~d finding the useful information on the Internet becomes more and more 
difficult . More over, while the number of users and the volume of the 
information being retrieved are increasing, ·· current information systems 
experience serious server and network bottlenecks when users attempt to 
locate some information on the Internet. This reduces quality of service 
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and performance. At some of the most popular search engine sites, the 
overload of server and network may cause Internet "dead" or "crash.• 
·obviously, improving network and server performance for searching 
purpose is imperative. 

A web search engine is an interactive tool that enables users . to 
locat°e information available ·on the Internet through the World Wide Web. 
Each search engine · provides its own database, interface, and some 
special features. Most web search engines use_ automated tools and 
programs, robots, to gather resources. Search engines provide "fill-out• 
forms and other interfaces so that the users can type in a query, submit 
the request, and retrieve a list of resources that match the search 
criteria. The hypertext environment makes it possible to offer a link 
directly from the list of result to the resources th~elves. 

Ecoseargine System 

Ecoseargine System is an Internet project funded by the Business 
College of the University of Southern Mississippi. Ecoseargine is an 
efficient .search engine for searching for economical information on the 
Internet through the World Wide Web · (www). This system is built by using 
Harvest. It is a distributed architecture that supports object (file, 
package, etc.) searching on the Internet. 

The architecture Ecoseargine used consists of four parts, as seen 
i~ Figure 4: Gatherer, Broker, Object Cache, and . Replication Manager. 
The Gatherer collects and summarizes information at the provider site 
(it also can work from · server site as a robot), and creates objec~ 
summaries, which are called Swnmary Object Interchange For:nat { SOIF) 
objects. The Broker provides a database, farmed by objects collected 
f=om Gatherers and/or other Brokers. This maintains a loose consistency 
between the Broker databases and the files found on the provider sites. 
T~e users sea=ch for certain objects through a query interface . from the 
:roker's database of object summaries. The Replication Manager maintains 
seve::-al identical copies of a Broker to dec:-ease network and server 
load. The Objec~ Cache maintains local copies of popular objects to 
i:nprove access perfor:nance and decrease the network load. 

As indexing the information on the Internet becomes inc:-easing 
popular, there are two types of problems arising: data collection 
i~efficiencies a~d duplication of i:nplementation effort. 

Most robots of the search engines do not gather infor:nation by 
coordinating wi~n each other. In contrast, Ecoseargine uses the 
Gatherers, which focus on coordination and optimizing the information 
gathering process. 

The biggest inefficiency in current search engines comes from 
collecting indexing infor:nation from the Internet. For example, to build 
an index of HTML documents, each document must be retrieved from a 
server and scanned for hypertext links. This causes a great deal of 
loading, because each object retrieval requires creating a TCP 
connection, forking a .UNIX process, changing directories several levels 
deep, transmitting the .object, and terminating the connection. An index 
of FTP . file names can be built more efficiently using recursive 
directory listing operations, but this still requires an expensive file 
syste.~ traversal. · 

The Gatherer dramatically reduces these inefficiencies by using a 
Provider site resident software. This software scans the objects 
periodically and · maintains a cache . of indexing information, so . that 
separate traversals are not required for each request. More importantly, 
it allows a Provider's indexing information to be retrieved in a single 
stream, rather than requiring separate requests for each object. The 
combination of traversal caching and response streaming can save server 
load significantly~ 

317 



The information the robot gathers is raw data. To transfer this 
kind of data through the Internet, it increases the network traffic 
load. The Gatherer uses four techniques to reduce network traffic 

, substantially. First, it uses the Essence System to extract content 
summaries before passing the data to a remote Broker .~--Essence uses type
specific procedures to extract the most relevant parts of documents as 
content summaries. For example, Essence extracts author and title 
information from LaTex documents and extracts routine names from 
executable files. Therefore, while Web robots might retrieve a set of 
HTML documents and extract anchors and UR.Ls from Provider site, Essence 
extracts content summaries at the Provider site, significantly reducing 
the amount of data to be transmitted. 

Second, the Gatherer transmits indexing data in compressed format. 
Third, · the Gatherer supports incremental updates by allowing Brokers to 
request only summaries that have been changed since a specific tim~. For 
access methods that do not support time stamps, the Gatherer extracts 
and compares cryptographic checksums of each object to determine if the 
object has changed since the last time the Gatherer generated a summary 
for it. Finally, the Gatherer maintains a cache of recently retrieved 
objects to reduce the load of starting the system backup after a system 
crash. 

Future Extension 

Group Gatheri~g and Indexing 
One direction of furtur extension is to support a. · variety of 

additional index types and index mechanisms. Additional types include a 
widely replicated, global index of rare words. Like the HSR, t~e rare 
word index will point to Brokers that contain related summarx objects. 
~.nether type of index is the ''join'' index of individual site indexes. 
This may be a virtual index that redistributes queries to other sites. 
Gathering the frequently updating information 

At this time, there is no search engine that can collect ·instant 
news that changes very frequently. Because this kind ·of infor:nation is 
always changing minute by minute and their changing period is shorter 
than the Gatherer or Index~ng period, it is every hard for one Gatherer 
and -Index to obtain the c~rrent information. We suggest using separate 
Gatherers and Indexes with their own databases and index lists to deal 
with this kind of information. These Gatherers and Indexes work much 
more f _requently for some specific sites like economic news ar:d stock 
marketing news. 

We suggest indicating those frequently updated sites in the 
Gatherer's configuration file by frequent= <seconds>; as -flowing format: 
<LeafNodes> 

http://WWw.stat-usa.gov/whatsnew.html frequent=B64000 

Note that only the leafnodes can have the frequent parameter, 
because if the rootnodes have the frequent parameter, it will gather the · 
information enumerately from the links; it will be very time consuming. 
The <seconds> indicate how frequently it will be gathered in seconds. In 
above example, frequent=B64000 means that this site will be gathered by 
each 10 days, while . other sites will be gathered by the regular 
frequency, for instance 30 days. If a site is included· by both 
enumerating a rootnode and a leafnode, the leafnode will have the higher 
priority, which means although rootnodes cannot have a frequent 
parameter, . if the leafnodes have a frequent parameter, the site will be 
retrieved at the intervals of this frequent parameter. 

For those provider sites with a resident Gatherer program on them, 
the first time the server starts the Gatherer, it will send the frequent 
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message to them. The Gatherer program on the provider site will send 
back a respond message to confirm receiving the message from the server, 
record this frequent parameter, retrieve the site, and send the 
compressed information to the _server at the intervals of the parameter. 
In the above example, if there is a resident Gatherer program on the 
http://WM,t1.stat-usa.gov/whatsnew.html,- · after the resident gatherer 
receives the information sent by the server·, it will record the frequent 
interval ( 10_ days) in a file. The resident gatherer will revieve the 
site_ of http://www.stat-usa._gov/whatsnew.html in each of 10 days, and 
after each time it retrieves information from the site and compresses 
it, the resident gatherer will send the compressed information to the 
server site. 

G:uherer Database 

Refined ResultS 

Refine Query 

Broker Interface 

Figure 1: Group Gathering & Indexing 
The Server Site will maintain two lists for the Gatherer, shown as 

Figure 1. One is a regular-list for those sites without the frequent 
parameter, one is a frequent-list for those with the frequent parameter. 
These two list can be generated from the Gatherer's Configuration File. 
by reducing those sites which send the respond message back to the 
server. These two lists are used for the sites which have no resident 
gatherer programs 9n them. 

For the provider site without resident gatherer program on it, if 
this site is on the regular-list, then this site will be retrieved at 
the regular frequency by the gatherer on the server. If this site is on 
the frequent-list, then this site will be retrieved at the specified 
frequency which is indicated by the frequent parameter. 

The information The information gathered or received by server 
will be stored into two databases. One is for regularly gathered, the 
other is for frequently gathered. Corresponding to these two databases, 
the Brokers will maintain two indexing lists for index query. The two 
indexing lists will be generated by the regular period and a frequent 
period. The frequent period can be the minimum of all the frequent 
parameters. Usually it will be greater than 5 minutes, because if it is 
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too small, it will cause the system inef~iciency. The testing results 
indicate that to index 50 MB information on the system requires less 
than 1.5 minutes. The information that has to be frequently indexed is 
only less than 1%. So to index the frequent-list only needs 0.9 seconds 
CPU time. At worst case, the system has O. 9 second~, to reindex the 
information per 5 minutes, that means system has to spend 0.3% CPU time 
on reindexing on server site, · that is tolerable. 

If the number of the sites which ask for frequently gathered is 
very large and their frequent parameter is so different that if we just 
divide the Gatherer databases and Index lists into two groups, it will 
still be inefficient, we suggest to divide them into several groups by 
the different frequent parameter level. For example, we can group the 
information from sites which are gathered by the frequent parameters 
less than 5 minutes, ·between 5 minutes to 30 minutes, between 30 minutes 
to 2 hours, between 2 hours to 5 hours, ... into separate groups. Fo~ 
ea~h group, there will be built a Gather database and broker index list 
respectively. Each database and index list will work seperately just as 
we described above in the case of two databases and two index lists. 

In query interface, we can add one optional domain selection of 
whole~index, main-index, frequent-index. If the user selects whole-index 
as domain to search from, the system will search from f=equent-list 
firsc, t~en search from regular-list. The result will be returned in the 
order of that from frequent-list first and followed by that from 
regula=-lisc. If user selects main-index as domain, the system will 
search only from regular-list. The results will be returned only from 
regula=-list. If user selects f=equent-index as domain, the system will 
search a~d return the results only from f=equenc-list. 

3y using t~ese kinds of separate gathering and indexing 
tec~i~..ies, the search engine can have the ability of seaching the 
newest a:7.d most accurate information on the internet with efficient 
syscem per:or:nance. 

Gache=er Residence 
As we k..,ow from above context, the major benefit by .using gatherer 

i~scead of using robots comes from the resident gatherer programs on the 
p;-ovicer sites. The resident program can extract the infor:nation and 
transmic i~ in compressed format from provider site to server site. This 
k:.nd of_ resident gatherer technique can dramatically reduce the server 
load ar.d r.etwork load. 

So, here we suggest that the new- Internet server, such as .HTTP, 
FTP, and Gopher, should provide the feature of the resident gatherer. 
When a se·arch engine tries to gatherer information for this server, 
first it has to register in a search engine list on the provider server. 
Then the provider server will transmit the compressed format extracted 
information to the search engine regularly, according to · the updating 
period of the provider site. 

Information Refining 
Because of the large amount of information on the Internet, earch 

time, when the user queries a simple keyword or a· phase, most search 
engines will return hundreds or thousands of objects as the result. 
However, the user usually . can only take a look at 20 or 30 from the 
results. The problems are that: How can the users determine which 
objects they are most concerned about? How can they select these 20 or 
30 objects from hundreds or thousands of the UR.Ls by hand? 

We propose caching the location of the objects in the gatherer 
database for information refining. If the number of the objects being 
returned is over a certain number, for instance_30, then the system will 
feed back an information refining interface at the top of the first page 
of the r~sults. · · 
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The information refining _interface may list several options to ask 
for some fuzzy information, such as, the author's name of the object 
that you are looking for, the estimated last date or time the object 
being modified, description o -f the objects, what · server is the object on 
(HTTP, FTP, Gopher, or News} , and the other words or phras·e in the 
object. This information may not be completely accurate. 

After the refining information is fed in, the system goes to the 
objects in gatherer's database, which are pointed by the cache. Then 
search again for these refining information by fuzzy match, which allow 
several mismatching. And return the refining results back to the user, 
as shown in Figure 2. 

Frequent updated 
Provider with 
Resident Gatherer 

Broker Index 

I Regul:ir-inde; 

index 

Frequent updated 
Provider without 
Resident Gatherer 

g::ither 

Provider with 
Resident G:itherer 

index 

g::ither 

Provider without 
Resident Gatherer 

Figure 2: Infor:nation Refining 
In t:ie second result interface, the refining resul~s will be 

listed before the other results. · The information refining options will 
be listed on the very top of t:ie interface for information refining 
again. The:::-~ is one mo:::-e option on it, that is to refine f:om total 
results or from last refining results. The cache will also keep t:ie 
location of t:ie objects in t:ie gatherer's database for the last refining 
results. If t:ie user selects the option "from last refining results", 
t:ie system will refine the results from the last time refining results, 
and return the result on the top of the results. If the user selec~s the 
option "'refine from the total results", the .system will ren.ne the 
information from the total objects, which are obtained by the first 
general searching, and discards the the refining results obtained by 
last refining. 

Conclusion 

While syste.~s like Gopher and WWW make it easy _ to publish 
information on the Internet, making effective use of Internet-accessible 
informat1on grows increasingly difficult. Rapid growth in the volume of 
information makes it difficult to locate relevant information. In 
addition, current • systems experience acute sezyer and network 
bottlenecks when many users attempt to access networked information. 

We introduced the Ecoseargine .system as a very efficient search 
engine, which is built by Harvest. Ecoseargine addresses these problems 
through a combination of tooic-soecific content indexing made possible 
by a very efficient distributed i~forrnation gathering architecture; and 
structure-preserving indexes, flexible search engines, . and data 
type-specific manipulation and integration mechanisms. Ecoseargine 
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interoperates with WWW clients and with HTTP, FTP, Gopher, and NetNews 
information resources. 

In this paper, . we give some suggestions about the future 
extensions of the search engine. These future extensions give some 
direction of the further work the researchers can do. 

By using group gathering and indexing techniques, the system can 
index the information which frequently updated, like news. This method 
can support more accurate and updated information query. 

We also recommend to use resident gatherer program on the Internet 
server, such as HTTP, FTP and Gopher to locally gather and transmit 
information from previder site, in stead of using remotely gather from 
server site of search engine. This will dramatically reduce the server 
and network load, enhance the system performance. 

By using information refining method, the users can easily get 
their expectant result from hundreds or thousands of candidates. This 
will provide users a more user-friendly and easy-access system. · 

Our·suggestions will help the next generation of search engines to 
provide more accurate, updated information to the users. And the search 
engine will become more easy to use. 
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Web technologies have started an evolution of network computing. Web browsers play a 
central rule of the game. The functionality provided by Web browsers defines the kind of 
infonnation being transmitted on the network and the level of complexity of the information. 
This paper introduces an object-oriented Web browser implementation that overcomes the 
limitations that current HTML-based Web browsers have, and expand the variety of information 
supported by the Web. 
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HTMLISNOTFOREVERYTHING 

In addition to viewing HTML pages, today's Web browsers are enabled with many coql technologies, 
such as CGI, JavaScript, Java applet, ActiveX, plug-in, etc. The common goal of each is to provide 
more smartness to Web browsers. Web users are often surprised by the new kind of experience these 
technologies bring to them. At the same time, the browsers tend to be bigger · and more complex.· 
Many people have predi~ted that Web browsers are going to replace desktop operating systems. 

Before Web brow~ers can provide as many functionality as operating systems do, they must first free 
themselves from the scope of HTML pages. As its name, Hyper Text Makeup Language, suggests, 
HTML was originally designed for simple text and images layout description. Its content is static and 
lifeless. Although many other technologies, such as CGI, JavaScript, Java applet and ActiveX, 
enriched the way HTML represents infonnation in its layout, these technologies are limited by the 
scope HTML set originally. 

AN OBJECT-ORIENTED APPROACH 

It is possible to represent almost any information in an object-oriented data fonnat. By wrapping 
information into objects that have same interfaces, informat.ion can be transmitted on the network in 
an uniform manner, and unwrapped as needed. The binary fonn of the objects will also protect data 
from being exposed to every user as HThfL does. 

Internet Object Navigator(ION) is designed to be a tool of manipulating such objects in the Web 
space. This paper will describe the operational environment of ION, and introduce the way of 
defining the interfaces of ION object and ION. 

CORBA AS THE FRAMEWORK 

Internet is a heterogeneous environment that connects almost every kind of existing computer. One 
reason HTML is successful is that plain ASCII text files are po~able on almost every machine. Once 
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HTML pages are replaced by binary objects, these objects must also be portable across different 
platform and language space. In other words, a middleware is needed to create a common 
environment for the ION objects. 

Common Object Request Broker Architecture (CORBA) is the best choice for such a middleware at 
this time. As a product of Object Management Group (OMG), CORBA is a software agreement 
initiated and supported by the members of OMG, the world's largest software consortium that 
includes more than 700 companies representing the computer industry [1,2,3]. This research is based 
on the CORBA 2.0 specifications [4]. · 

CORBA is not software. It is a standard. No company can be the sole CORBA provider. Any 
change made to it has to be approved by OMG. The actual CORBA implementation is left to the 
CORBA providers to decide. All the true CORBA implementations should be able to communicate 
with each other. 

CORBA is between the software object components and the details of programming language, 
operating system, and network. We define components as standalone objects that can plug-and-play 
across networks, applications, languages, tools, and operating systems. With the help of CORBA, 
programmers are freed from managing network details of their softwares. 

The compatibility of different networks, platforms, languages, and objects is ensured by interfaces 
defined by a common language defined by OMG--the Interface Definition Language (IDL)[3]. 
Everyone in this distributed CORBA world communicates with one another in IDL. It is the only 
language among the distributed components. The job of CORBA implementation is to manage the 
distributed components whose interfaces are defined by IDL. 

IDL is a purely declarative language that is used to define component boundaries. It can be used to 
define interfaces as simple as a function interface, or as complex as an interface of a distributed 
s-oftware module across a network. 

OMG has also defined Common Object Service Specification (COSS) that provide a set of surviving 
kits for each CORBA object to live safely in a less supervised distributed environment. These 
services incl_ude the Life Cycle Service, the Persistence Service, the Naming Service, the Event 
Service, the Concurrency Control Service, etc. 

, . 
By taking advantage of CORBA, IDL, and COSS services, ION can utilize an existing object-oriented 
distributed framework without reinventing the wheel. As CORBA is more widely accepted by the 
market, ION.has already owned a huge potential market. It could be the most powerful front-end 
tool for CORBA object users. 

A detailed discussion about CORBA is beyond the scope of this paper. The.re are many books 
available today on the topic [I, 2, 3, 4]. 

HOP AS THE PROTOCOL 

Traditional Web technologies use HTTP as their protocol for communication. HTTP is text based. 
Therefore, it limits the variety of information being transmitted between programs that only 
understand HTTP. ION needs a new type of network protocol that is suitable for any information. 
Such a protocol must not only provide an efficient way of transmitting objects on the network. It 
also needs to be accepted widely. 
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Fig-1 Internet Object Navigator Architecture 

The IIOP (Internet Inter-ORB Protocol) is another important standard from OMG. It is the network 
protocol that is designed for the interoperability of the CORBA objects of different ORBs. By 
incorporating IIOP, an ION will not be used just for any particular ORB vendor. Its navigating space 
\;Vill include all the CORBA standard compliant ORBs. 

THE ARCHITECTURE OVERVIEW 

An architecture overview is illustrated in Figure 1. In an ION environment, an ION is the user end 
tool of navigating kinds of objects on the remote servers. These servers can be a CORBA compliant 
application server, a wrapped legacy application server, or even another ION. When access to the 
remote native operating system is necessary, ION can send requests to an Operating System Adaptor 
(OSA) that resides on top of the remote operating system. An OSA acts as a gateway to the 
underlying operating system in a secured and monitored manner. Instead of reinventing all the 
operating system level applications as CORBA objects, an OS can have its services accessible through 
the OSA by remote clients. Both the ION and servers are supported by COSS services 

The requests of an ION are passed to the client side ORB. This ORB decides where to send the 
request and passes the requests to the ORBs on the server side through IIOP. The server side ORBs 
receive the requests and redirect them to the corresponding application servers in its name space. 
Results are passed back in the reverse order to the client's ION. 

ION IDL INTERFACES 

interface IONObject 
{ 

IONName 
IONType 

getName(); 
getType(); 

interface IONimage : IONObject 
{ ' 
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Image Type 
Image 
IONLayout 

getType(); 
getimage(); 
getLayout(); 

Listing I is a sample IDL interface of standard ION object. · The interface supports methods for 
retrieving information about the object. Method getName() returns the name of the object, and 
getType() returns its type. Once ION retrieves an IONObject and gets its IONType, ION can then 
decide what to do with the object. For example, if its type is image, the getlmage() method of the 
object can be called and an image object is returned. By calling method getLayout(), ION c(}n · 
arrange the display layout of the image object on its GUI. Of course, an IONObject may contain a 
set of IONObjects that construct a presentation document or an application software. 

FOUR TYPES OF ION OBJECTS 

ION objects can be divided into four categories. They are application specific data and multimedia 
data, server object references, Web objects, and binary executables. 

Application specific data includes different document management file formats, such as, WordPerfect, 
MSWord, Excel files that can be down loaded by ION and passed to the pre-installed desktop 
applications for viewing and manipulating. Multimedia data is treated in a similar manner, except 
that the data can be directly manipulated by the ION. For instance, an image can be down loaded 
and displayed by ION's own GUI without the help of other applications. This type of data down 
loading and manipulating does require ION to change the state of the data object. The data is. passed 
through in an as-is style. 

Server object references are the CORBA object references of the remote application server objects . 
. By identifying the type of a server object reference, and then invoke methods of the server object, 
remote business logic modules can be controlled and utilized locally by the ION. One practical 
example of this is doing CUP intensive data visualization computing on a remote high end computer 
and interactively view and control the image output on the local desktop computer. With the help of 
COSS Naming service, ION can find the reference of a remote visualization server object by name, 
invoke server object methods with customized parameters, retrieve the image, an·d display the image 
on the local machine. 

Careful readers may have noticed that there is an important software component missing in the above 
example. It is the client logic. How can users know the name of the visualization server? How . 
could the user specify and modify the parameters passed to the server object methods? How could the 
ION know how to display the image? · 

Web objects are objects down loaded to a ION and run in the space of the ION. Their methods are 
n.ot invoked remotely. They are local objects after being down .loaded. Java objects are typical Web 
objects. They are platform independent and can be down loaded as needed. Web objects are smart. 
They have their own logic programmed by their original owner. However, the user of these Web 
objects cannot uncover the implementation detail of them. 

For our previous example, a client ION initially loads an IONObject from somewhere on the 
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network, and this IONObject contains the location of a Web object. Once the ION decided that this 
Web object needs to be run, the object is down loaded and started in the ION's virtual machine. This 
Web object could be a Java GUI application for the visu::.Jization module. It may be the first _time for 
the user to see this GUI. After filling the parameter fields on the GUI fonn and submitting the fonn, 
this Java object finds its server by itself using the COSS services provided by the ION, and calls the 
server methods accordingly. Depending on the type and layout of the returning image object, the 
image can be displayed by the ION, the. Java GUI, or a pre-installed image viewer. 

One major advantage of Web object is its portability and security. The same Web object 
implementation can be down loaded and run on IONs of different platfonns and its functionality is 
limited in the scope of the ION. The local operating system is protected by the boundary of ION 
from any unauthorized access. 

Sometimes, more powerful client applications are desired to fully utilize the functionality of the 
native operating system. Since the portability and security offered by ION Web object virtual 
machine prevents Web objects from doing som~ very specialized work, programs written in native 
code are also SUQported by ION. One of such cases is high-end images orocessing tools that are 
hard~are-dependent uiI~ss the source of-;uch pr~ram-s are t~~ed: 16N s·hould no-t do~load 
them. Starting programs from undependable sources can expose the client computer to extreme 
danger. 

CONCLUSION 

Most of current network activities can be achieved by using different types of ION objects. Some of 
these ION objects are the replacement and improve·ment of the traditional HTML-based Web pages, 
while the others are not possible using the traditional Web technologies. The author will further 
research the design and the implementation o_f the Internet Object Navigator, and define more 
precisely the role of CORBA in this new technology. 
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ABSTRACT 

The last decade has seen significant developments in simulation packages; yet, there still is much room for 
improvement. To explain this growth, one must have a thorough understanding of the simulation modeling process 

(SMP). The main purpose for simulating any system is to imitate its behavior in order to observe its responses under 
various experimental conditions. A simulation model is an abstract representation of a system which can be 

dynamically exercised through the use of a computer. The means for conducting a complete simulation project with 
fµll support is referred to as a simulation modeling environment (SME). We examine the requirements of an 

· integrated SME, the various approaches that have been taken to develop them, and suggest how to get closer to a full 
realization of a SME. 

INTRODUCTION 

The last decade has seen an exponential development of simulation packages; yet, there still is much room for 
improvement. To explain this growth, one must have a thorough understanding of the simulation modeling process 
(SMP). The main purpose for simulating any system is to imitate its behavior in order to observe its responses under 
various experimental conditions (Centeno and Standridge, 1992). Yet, most simulation packages have focused on 
providing support to build the simulation model. According to Basnet et. al. ( 1990), a simulation model is an 
abstract, logical representation of a system which can be dynamically exercised through ·the use of a computer. 
However, building the simulation model is just one of various phases in a simulation study. Among these other 
phases are verifying and validating the model, designing the experiments and analyzing the outputs. The means for 
conducting a complete simulation project with full support is referred to as a simulation modeling environment 
(SME). Different simulation packages have tried to improve the simulation process by adding different kinds of 
support at different stages of the simulation modeling process. Yet, a need still exists for developing a simulation · 
package capable of helping the simulation modeler in all phases of the simulation modelin~ process. 

In this paper, we examine the requirements of an integrated, full support SME, the various approaches that have 
been taken to develop them, and suggest how to get closer to a full realization of a SME. We begin our discussion 
by examining what is meant by a SME and its capabilities; hence, its requirements. Then we review the impact that 
some technologies derived from artificial intelligence (AI) and from databases have had in realizing the full 

1 Partially funded as matching for NASA Grant NAG0l0-0150 
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implementation of a SME that enables the modeling of the various aspects of an enterprise. 

SIMULATION MODELING ENVIRONMENTS 

The simulation modeling process (SMP) has five major phases: 1) problem definition and model abstraction, 2) 
analysis of inputs to the model, 3) model translation, verification, and validation, 4) experimentation, and 5) analysis 
of results and recommendations. Thus, the SMP requires various types of skills, knowledge, and tools as the study 
evolves. Consequently, the modeler should ideally work with a modeling environment that integrates various tools 
to support each phase of the SMP. In designing a SME, one must take into account some of the concepts of 
structured modeling as proposed by Geoffrion (1986, 1987) and discussed by Shannon (1988). A SME should 
possess at least the following characteristics: 

□ A single model representation format, 

□ Independence between model acquisition and model execution, 

D A database of model elements, models, and model's results, 

□ Accessibility, 

D Life cycle orientation, and 

□ ~ser friendly interfaces. 

To instill a structured framework onto a SME, it must be broken down into functional modules. In Centeno (1990), 
we find suggestions of the various modules that a SME should have. By broken the environment in modules, it is 
possible to develop each module independently, while paying attention to connectivity issues. 

Module Module functionality 
.. 

I Problem definition and model abstraction: project documentation, problem 
formulation, and model abstraction. 

2 Use simulation or other technique: Analyze characteristics of the system to study, and 
connect to another environment. 

3 Input data analysis: Prepare data files, and engage in data analysis. 
4 Model definition: Describe new models or new model elements, and modify existing 

definitions of models. 
5 Model verification and validation: semi-automated verification and validation process. 
6 Model translation: Translate a version of the desired conditions of the system under 

study, modify a previously translated model, execute translated model. ·· 
7 Experimentation and analysis of outputs: Design of experiments, experimentation 

with model, assessment of outputs against set objectives. 
8 Database management: define new object to support the SME itself, modify existing 

support_ objects, and deleting existing SM objects. 

Table I: Modules in a SME 

Several simulation packages offer capabilities beyond the model translation phase; however, none of the 
commercially available actually offers full support. The trend for the next generation of simulation software is to 
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achieve accessibility. To achieve such goal, simulation packages, and hence SME, must use databases in one form 
or another. A SME depends heavily on the existence of a filing mechanism. A SME must store information 
regarding its own characteristics, the characteristics of systems, models, and model runs. Both the relational model 
as well as the object oriented model offer great flexibility and robustness to support the SME. 

KNOWLEDGE-BASED SIMULATION ENVIRONMENT 

Knowledge-based simulation modeling environments (KBSME) have become one of the most popular approaches 
for developing SME. These environments use technologies from artificial intelligence (Al) to assist the simulation 
modeler during each of the stages in the simulation process. 

One of the stages of the SMP in which AI is having a profound impact is in model development. According to . 
Rozenblit, Kim and Zeigler (1988), the main advantage ofKBSME is an error reduction in the design process 
achieved by assisting the modeler in selecting and configuring proper model components. Therefore, an accurate 
model may be constructed in a timely manner (Erraguntla, Benjamin and Mayer, 1994). This is achieved by 
querying the modeler about the system characteristics and specifications and having the knowledge-based simulation 
package develop the appropriate model. This approach enhances the simulation modeling process by eliminating 
the need for model abstraction, and then by significantly reducing the need for model validation and verification 
(Centeno and Standridge, 1992). Consequently, AI can have a great impact on the development of models in which 
different points of views are needed for developing a thorough model. For example, in the manufacturing area, the 
complete manufacturing process is not always known by one individual; instead, all the people involved in the 
process are expert in their own specific area. By using AI technology, system descriptions from each domain can be 
captured, stored and used towards the design of a wholistic simulation model of complex systems encompassing 
different subsystems; thus, creating a description-driven approach (Padmanaban, Benjamin and Mayer, 1995). In 
this kind of situation, AI would simplify the model development while also reducing the effort of validating the 
model. 

KBS technology has also been used to radically change the way a simulation model is derived and executed. 
According to Rothenberg (1990), knowledge based simulation should allow the modeler to build, validate, maintain 
and evolve more powerful and realistic simulation models by taking advantage_ of the inferencing and reasoning 
capabilities, search methods and representations developed by the AI community. Consequently, Al should allow 
users to interact with the simulation model in order to obtain a deeper understanding of the system modeled. Under 
this approach, the KBS is not an external add on to a discrete event simulation package, but rather it is the package 
itself. Elements of the traditional discrete event simulation methodology are interwoven with the elements of the 
KBS to the point in which they cannot be separate entities any. longer. In the end, the simulation model takes the 
form of a KBS o_n its own. Along these lines, research has been conducted on applying Al while performing a 
simulation run (Russell, Elmaghraby and Graham, 1992). The main advantage of this incorporation is the reduction 
in simulation length as the model will not run to its completion if any of the parameters specified within the 
knowledge-based environment will yield a result other than the expected one. This feature provides a tremendous 

· advantage for complex systems in which a simulation run might involve a considerably long period of time. In 
addition, this application of AI provides the capability of achieving simulation optimization while the model is being 
executed. Thus, AI can have a great impact not only in the way simulations are conducted but also in the manner 
that simulation analysis results are conducted. Unfortunately, no package exists that is capable of providing 
artificial intelligence assistance in all the simulation stages. 

AI-based approaches can play an essential role in incorporating qualitative factors in the simulation model 
development, some other applications are also being studied. For example, Snyder and Mackulack (1988) have tried 
to demonstrate that the combination of simulation and artificial intelligence can provide an environment with 
quantitative and qualitative decision support. By incorporating a decision node, the simulationist can model non
deterministic decisions in any current discrete event simulation language. This decision node will query the 
simulationist at the relevant simulation process step and the simulation results will vary based on the information 
entered. This feature broadens the simulation spectrum as not only deterministic situations can be modeled by using 
simulation. lf this decision node can provide all the support for non-deterministic situation, most of everyday 
situations can be modeled by using simulation processes. 
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Another stage of the SMP in which Al-based technologies are having a great impact is in interpreting the simulation 
results (Erraguntla, Benjamin and Mayer, 1994) . . By incorporating AI, simulation models can be used for more than 
answering "what if' questions by using some of the AI inferencing and search methods (Rothenberg, 1990). 
Therefore, AI can be used to obtain the source of the simulation results while providing a deeper understanding of 
the situation. This AI application enhances the usability of simulation modeling for complex systems in which the 
impact of different inputs is needed in order to improve the overall system performance. Previously, simulationists 
were reluctant to use simulation when the system was quite complicated and the results obtained did not fully justify 
the time and effort spent in the simulation process (Erraguntla, Benjamin and Mayer, 1994). By using knowledge
based environments for simulation processes, the analysis of simulation outputs becomes limitless as almost every 
system behavior can be analyzed and reasoned. Consequently, the time spent on building the simulation model is 
justified by the system insight provided by the simulation model. 

All these AI features mentioned before should be integrated in a knowledge-based environment; unfortunately, no 
software has been developed for combining all these AI capabilities. Thus, each combination of AI and simulation 
has resulted in the emergence of a different simulation package. One of the reasons for the different combinations is 
the nature of the AI and simulation combination. As Centeno and Standridge (1992) noted, AI and simulation can 
be combined in two distinct ways: either knowledge-based systems are inserted within simulation models or 
simulation models are embedded within knowledge based systems. Furthermore, simulation and artificial 
intelligence might also be kept separated while maintaining a continuous communication among them in order to 
avoid any possible alterations while modifying either the simulation model or the knowledge based system (Russell, 
Elmaghraby and Graham, 1992). The latter combination technique would be beneficial when different packages are 
used and the same artificial intelligence tool can support all of them. The only feature ne.eded from this type of 
artificial intelligence tool would be its compatibility with most of the existing simulation packages. Moreover, 
databases have been proposed as the necessary link for an efficient integration of AI and simulation (Centeno and 
Shannon, 1995). Consequently, databases store all the data derived from the knowledge based syst_ems and presents 
the data jn the appropriate format for the simulation modeling tool. 

OBJECT-ORIENTED SIMULATION ENVIRONMENTS 

Object-oriented simulation environments (OOSE) seek to exploit the traits of object-oriented programming (OOP) 
by looking at a system in terms of the objects it is made up. Object oriented programs "are organized as 
cooperative collections of objects, each of which represents an instance of some class, and whose classes are all 
members of a hierarchy of classes united via inheritance relationships" (Booch, 1994). The way an OOSE views 
the world makes this approach a natural one for simulation modeling. This is particularly true when it comes to 
model construction, model execution, and, in a way, model output analysis; however, the approach is a little bit 
ackward for other stages in the SMP. Consequently, most of the research done using OOP has been focused on 
model construction and model execution. Several object orlented software packages have been developed to 
enhance an essential feature that the simulation modeling community models was craving for: model reusability. 
Reusability . is achieved by either re-using the model itself or by re-using any of its components to form a new model. 
The basic feature of object-oriented software is the ability of organizing and storing all the information related to a 
single object in one place for enabling its reusability. By using objects in the simulation process, a system modeler 
can develop a simulation model based on its components rather than its procedures (Centeno and Standridge; 1992). 
Therefore, object-oriented software has been developed with the aim of producing a rapid prototype of the system 
modeled (Basnet et. al., 1990). Although object-oriented programming tries to solve the problem of model 
reusability, no software has been able to provide full support for re-using all the model components. 

In industries such as communications, logistics and manufacturing, objected-oriented software has tried to enhance 
simulation effectiveness by taking advantage of model reusability and rapid prototyping. According to Jones 
(1995), model developers should have a collection of reusable software components capable of being configured and 
adapted to the model. Another possibility for achieving model reusability is to separate the modeling construction 
for the physical, information and control/decision elements of the system (Pratt et. al., 1991). In this case, the 
interaction of the different elements is needed for the model execution. This approach facilitates model reusability 
by developing different simulation models using the already defined and stored elements. 

Although objected-oriented environments facilitate model reusability, several complications have arisen in the 
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management of objects in commercially available software packages. One of the possible solutions is to manage the 
usage and sharing of objects by using an object database. According to Delcambre and Pollacia (1993), the objects 
needed for the simulation model and the timing for their interaction can be modeled by referring to an existing a 
database. In this kind of application, databases play the role of a partner with the simulation software as it can 
communicate via the operating system (Centeno and Standridge, 1993). This storage provides a more effective 
management of the objects than the library provided in most object-oriented software available. 

CONCLUSIONS 

Although different software packages have tried to provide support for the different simulation environments, no 
package has been capable of achieving full support for conducting a simulation project from beginning to end. 
Thus, simulation packages have tried to improve the simulation process by adding different kinds of support at 
different simulation stages resulting in the development of an enormous number of simulation packages. Therefore, 
a need exists for developing a simulation package capable of helping the simulation modeler in carrying out a 
simulation project with all the necessary support while incorporating all the existing features. Two possibilities for 
accomplishing this goal are available. One possibility entails the development of a simulation package capable of 
providing full support for the different environments. The second possibility requires the development of a 
simulation package capable of communicating with other existing tools in order to provide the necessary support for 
all the different simulation stages. 
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Developing Management Infonnation Systems (MIS) is a very complex process that depends on many factors. This 
paper presents several aspects considering end-users as a significant factor for successful development and 
implementation of MIS. 

INTRODUCTION 

_Management Information Systems are developed to help management in planning, organizing, coordinating and 
controlling resources in their organization. MIS applications have found their place in accounting and finance, 
marketing, operations and production, engineering and research, human resources divisions. 
These systems provide executives with an opportunity to experiment and simulate future states of their environment 
in order to foresee the results of their decisions. They free managers from routine data and pennit them to focus on 
being . creative and innovative. Therefore no one is more concerned with the process of developing MIS, than 
managers themselves . 

. Systems analysts and designers must pay an attention on several issues considering managers and other end-users of 
the infonnation system. The most important is to overcome the user resistance of introducing new technology and 
reorganization of business processes, and to involve managers and other end-users as active participants in planning, 
development and operation of MIS. 

PSYCHOLOGICAL ISSUE 

The introduction of computer-based information system can generate a significant amount of fear and reluctance by 
end-users [2]. There are several reasons for this behavior: fear of change, fear of being replaced by a machine, fear 
of failure, fear of the unknown, psychological habit, loss of control, changes of interpersonal relationships, lack of 
understanding, lack of identification. To solve this problem, MIS developers could apply those several "human
related" strategies [6]. 

1. Get management involved 
Management commitment and support are critical and essential for successful implementation of MIS. There are 
several reasons: their interest and participation initiate personnel at various operating levels to take active role and 
devote necessary time in the developing process; management must approve the expenditures for resources required; 
and helps taking necessary organizational changes and restructuring activities [1]. · 

2. Ascertain that there is a felt need for the system 
The system can not be successful unless the ultimate users and those who must provide data for the system feel the 
need. The users have to be convinced that new system will help them in accomplishing their activities, and the 
management has to be convinced that system will return the investment, improve the efficiency and effectiveness. 
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3. Get user involvement 
The users must actively be involved from the initiation of the system project through its life cycle. They must 
recognize that the successful system development requires time and commitment. They have a major responsibility to 
work with specialists to achieve success. System project team should be formed with systems personnel and user 
members - managers (Fig. 1), directed and coordinated by a project manager [5]. The involvement helps assure that 
the design of MIS satisfies the needs of end-users. 

4. Provide training and education 
Managers and end-users must be educated in the fundamentals of information systems technology and its application 
to business operations and management. Educating all people associated with a new system lets them see that they 
are an important part in the entire process. Manuals and other materials about MIS procedures should be prepared 
and presented on three levels: top management, line management and operator level. 

5. Consider user requirements 
User requirements must be taken into account while implementing MIS in order for system to be compatible with 
user's needs and . organization. Basic user's requirements are: flexibility, simplicity, reliability, economy, accuracy, 
compatibility, security etc. · 

6. Consider user attitudes 
Developers can not ignore user psychological reactions and organizational factors. If the system is well planned and 
designed, system use will result in increased job performance and increased rewards (recognition of users' 
achievements). This will encourage users to increase system use. 

Input from Steering Comitee or Top Management 

Users 

-Users 

-Potential Users 

V 

Project Manager 

-Other Managerial Personel 

Figure I. The Systems Development Team 

7. Establish Effective Communication 

Specialists 

-System Analysts 

-System Designers 

-Programmers 

-Other Specialists 

Communications must be used effectively' to increase motivation and information transfer. This is especially 
important in the processes of issuing directives, reviewing and evaluating the system, making system assignments, 
and training and developing subordinates. Communication network within the organization must be analyzed and 
improved. · · 

335 



8. Keep interface simple 
In order to avoid fear and confusion when using the system, interface must be kept simple and easy to understand. 
Simple interface solutions are also easier to implement and control. 

9. Let management determine information usefulness 
System must provide information which facilitates the managerial decision making process in order to be approved 
by the management. 

USER-MANAGERS APPROACH 

H. Van Steenis [4] defines a user as a client or customer who ultimately must accept or reject the system. The user 
has the vital function of contributing expertise about the future application and the user environment to -the ·project. 
Ideally, this key person has sufficient authority to make major decisions and is an effective communicator in 
explaining how the software will be employed. 
Since the managers are the ultimate users of MIS, they must devote sufficient time and effort in understanding MIS 
general concepts and objectives. They must learn how to manage hardware, software, people, data and information 
resources. Otherwise they will not be able to control the quality of information systems performance. There are 
several levels of management involvement [2]: 

-Top management develops and coordinates long-range · plans including strategic information system 
planning and coordination of development of information systems projects 

-Business unit managers oversee the progress of systems development projects 
-End-user managers participate in development of major systems projects 
-Direct end-user management of information systems in business units and work groups participates in 

prototyping and other systems development activities. 

END-USERS APPROACH 

~ot only managers are the end-users of MIS. There are other employees who also benefit from this system and have 
influence on MIS performance. All of them must be involved through all phases of MIS development. Their 
activities tn this process will further be discussed. 

1. Systems Analysis _ 
This phase is concerned with reviewing the existing system with emphasis on the constraints under which the present · 
system operates. It is also concerned with defining the project and scope of the project to be analyzed. According to 
this, end-users have to provide analyst with complete and accurate picture of the present system. They should review 
pres~nt documentation and provide help in analyzing information requirements. They ·should als.o realize if the 
system analyst understands the existing system well. 

2 . Systems Design 
System design is concerned with specifying a new system that will improve the existing system. End-us.ers are 
responsible for establishing system specifications. They should understand system analyst's job and discuss the 
proposed system: system flow chart, program flow chart, procedures manuals, document design, database design, 
costs, list of organizational changes proposed by system analyst. · 

3. Programming, Testing and Evaluation 
This phase includes conversion of the program flow chart into the desired program language using code-generators 
·and fourth-generation languages, the development of database and evaluating the new system to meet its original 
goals. Users assist in gathering data for testing, review design, attend meetings where system is fully discussed, 
attend necessary training sessions and take part in reviewing whole system. 

336 



4. Implementation 
Implementation is a culmination of the design process. End-users start utilizing the system. This is a phase of 
detecting all ·problems. The responsibility for system effectiveness now rests with the end-users especially the 
managers. 

User-Developed Information Systems 

It must be pointed out that with the appearance of microcomputers, the role of end-users was dramatically changed. 
They are not only consultants in the process of design and development, but active designers too. Working with 
application software packages for office automation, information management and retrieval, decision . support, 
application development, they are now able to create their own models and procedures for specific analyses and 
reports. These user-developed systems fall under the category of decision support systems because they support the 
decisions managers need to make. 
Nevertheless, there are several disadvantages: these systems are usually poorly designed, lack data validation, 
testing, documentation, and controls in their design. The procedures for backup and recovery, data security and 
system maintenance are seldom laid out [3]. Therefore end-users still need assistance of systems analysts or other 
systems specialists to develop effective applications with adequate performance and security controls. 

CONCLUSION 

An effective Management Information System is a product of both IT specialists and end-users. Successful design 
. and development depends on many factors, but it seems that the most crucial factor are people who benefit most 

from this process - managers. Managers at all levels within the organization must be convinced that the new system 
is going to be used and it will help them do a better job. As end-users of MIS, they_ must take active role in all phases 
of MIS development. Satisfaction of their requirements a_nd needs is a guarantee for successful MIS performance and 
usage. 
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ABSTRACT 

Investments in new products and processes are vital for the well-being of the company, for they are means of 
achieving objectives and goals at which the company is aiming. This study presents how to support the 
investment process and it provides an approach for strategy oriented investment justification and evaluation. The 
framework developed is versatile and can be applied to all strategic investments. 

1. INTRODUCTION 

By an investment decision is meant an irreversible commitment of resources in order to achieve uncertain future 
gains. The benefits of investments are not wholly exhausted in the short term and the investment decisions 
always, even though to varying extent, involve a risk. Generally, the investments can be classified e.g. to the 
following three groups: 

L Necessity investments: These investments are different in their nature. However. it is typical that the 
negligence concerning the investments will cause considerable damage. 

2. Investments for productivity improvement: Investments belonging to this class include minor process 
improvements that are made in order to achieve cost-savings or improve productivity. · 

3. Strategic investments: These investments have a significant impact on the company as a whole and on its 
long-term performance. They may be not desirable in the short term and difficult to justify economically. 
However in the long run, the investments are necessary in order to maintain and enhance the company's 
positi~n in the marketplace. Strategic investments are our special concern in this study. 

Investments can be made in the company's tangible assets like plant and equipment or intangible assets like 
know-how, patents, goodwill, brands, information systems~ logistic systems, etc (Kivijarvi - Tuominen, 1991 ). 
Strategic investment decisions may be structured, unstructured, or semistructured (Kivijarvi - Tuominen, 1992) 
and strategic investments can be classified to conventional and intangible investments. The purpose of the 
conventional investments is to maximize a firm's present value. Therefore, the inv~stmen~ alternative giving the 
·greatest net present value is chosen. The justification and validation of the proposed solution is simply based 
upon the time-preference function. It is assumed that all relevant factors can be expressed in terms of money, 
and that the data are available and certain. The solution process follows traditional, well-known investment 
analysis methods. The shortcomings of the conventional justification techniques include insufficient benefit 
analysis, a short-term focus, and misassessment of the appropriate discount rate (Kaplan, 1986). 

Within the intangible investments, as a class of semistructured problems, the potential goal state which the firm aims 
at, is perhaps not best described by the firm's maximal present value, but several other descriptions of the goal state, 
in brief goals, can be used. Levy and Samat (1990), for example, list the following eight potential goals: 
maximization of profit, maximization of sales, survival of the finn, achieving a satisfactory level of profits, 

. achieving a target market share, some minimum level of employee turnover, internal peace, and maximization of 
managerial salaries. In addition to these general goals also strategy or problem oriented, lower level goals may be 
used. Among the goals there may exist hierarchical or other relationships that are determined by personal 
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preferences. Thus, there may be several acceptable solutions to the intangible investment problems, and the 
alternative which is finally chosen, depends even on the personal preferences of the decision maker. 

Within the intangible investments only a part of the whole investment problem can be formally described. There is 
only a limited n~ber of facts available and a significant part of the data is gathered by means of subjective 
evaluations.- Data concerning revenues, costs and other relevant factors may vary substantially across alternatives 
complicating the solution process. For the intangible investments there is no well-defined solution procedure 
available but different methods can be integrated to support the solution process. 

2. A TWO-PHASED DECISION SUPPORT FOR STRATEGIC INVESTMENT PLANNING AND 
MANAGEMENT 

In this chapter we describe a two-phased framework to support strategic investment decisions. The purpose is to 
develop a concrete procedure that can be used to support - not replace - activities within the investment planning 
and management process. In order to illustrate the support process a descriptive case is presented. We propose a 
case where the decision process is divided into two phases: investment planning at divisional level and 
investment management at corporate level. The structure of the proposed two-phased framework for 
supporting investment decisions is described in Figure l. 

Total well-being 

OiYsion M · 

Figure I. The framework for two phased decision support 
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At the lower level,.each decision unit (division, subsidiary, investment center, profit center, etc.) searches, 
designs, and evaluates the investment alternatives and makes the investment propositions to the upper level 
(corporate level) where the propositions (projects) are evaluated and the final choice is made. 

Traditionally, there are two theoretical approaches to choose between investment alternatives: Markowitz's 
p9rtfolio approach and von Neumann and Morgenstern's approach to maximize expected utility. According to 
the pioneering theory developed by Markowitz ( 1959), the indifference curves of aecision makers can be 
distinguished by the mean (expected return) and standard deviation (risk) of the returns on investment 
alternatives. Although the original mean-variance approach concerned only a single investment period it has 
later been extended to cover multiple periods, too. The main difficulty in applying the approach to practice is 
the problem to obtain correlations, variances and other relevant data. It offers, however, a sound basis to 
manage the investment portfolio. 

According to the second approach (von Neumann and Morgenstern, 1947) the final choice between investment 
alternatives is based on the expected utility of investment alternatives. Decisions are not made on the basis of 
monetary units but it is assumed that the economic outcomes of investment alternatives can be transformed. into 
utility units by the decision maker's utility function. The main problem to apply the theory is the difficulty to 
collect data for the deduction of the utility function. The approach based on the maximization of expected 
utility is conceptually relevant also in investment planning. Here in this case, we have combined the principles 
of these two theoretical approaches to choose between investment alternatives. 

3. A REPRESENTATIVE CASE 

The case company is a medium-size metal-industry company. It has four relatively independent divisions 
(subsidiaries) that operate under control of the head division. Production decisions are delegated to the divisions 
but financial decisions are centralized to the corporate level. For details see Keski-Aijo - Kivijarvi- Tuominen 
1996. 

3.1. Investment planni11g at divisional level 

In our case, the management and the representatives from manufacturing and design office get together to set 
manufacturing objectives for the Division. Their background information includes marketing research, 
competitor analysis, information about technological and economic trends in their own field and in economy. 
Due to its relative small size and distinct technical specialization the company had chosen the differentiation 
strategy: This strategy has been made clear and delegated to the directors of the divisions. A large product 
range, tailored, high quality products and acceptable delivery times seem to bring competitive edge. However, 
the price is not allowed to rise too high. Therefore, quality and inventory costs have to be minimized. 
Consequently, varying lot sizes and product mix require considerable flexibility. In spite of the future changes 
the employees' positive attitude towards the company and its management has to be maintained. · 

· In the case company, at the division and corporate level, AHP (Analytic Hierarchy Process) is selected as a 
central DSS tool because it can compare alternatives in regard to both subjective and objective criteria, to assess 
inconsistency of decision makers' judgments, and to give relative preference values for alternatives (Saaty 1995, 
Dyer - Forman, 1992). Expert Choice is a software package utilizing the AHP methodology to facilitate and 
accelerate the analysis. AHP involves decomposing a complex problem into a hierarchy, establishing priorities 
among the elements within each level of the hierarchy and synthesizing the priorities to determine the overall 
priorities of the decision alternatives. The AHP hierarchy is consistent with the phases of decision making 
process. The solution of the problem i.e. the major objective lies at the top of the hierarchy. At the next two 
levels there are criteria and subcriteria. Elements at the lowest level are decision alternatives. In Figure 2, there 
is the AHP evaluation hierarchy of the case. 

Priorities are produced by evaluating each set of the elements in a pairwise fashion with respect to each of the 
elements · in a higher stratum. There is a verbal and corresponding numerical scale in AHP to assess the 
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dominance of each element over the others with respect to each element of the higher level of the hierarchy. 
Finally, the priorities are synthesized to detennine the overall priorities. 

Criteria: 

Profitability 

Alternatives: 

Objective: 

Quality 

Investment 
alternative I 

Figure 2. The AHP-hierarchy of the division 

The best 
manufacturing syste 

Investment 
alternative 4 

As the criteria have been set for the new manufacturing system, a discussion about investment alternatives is 
started. In the group's opinion, waiting and better control systems alone would not bring desired improvement in 
the quality. Investments in new technology seem to be essential. Therefore, a small team consisting of 
representatives both from manufacturing department and design office is formed. Their task is to generate 
investment proposals to fulfill the goals that were set earlier. Finally, following proposals are generated by the 
team: 

Alternative 1: No investment 
Alternative 2: CAD/CAM investment. Old manual and NC machines would be replaced with CNC machines and 

their programming software would be compatible with the existing CAD software. 
Alternative 3: Cellular manufacturing investment. A replacement of old machines like in the previous CAD/CAM 

investment and the functional layout would also be replaced with a GT cellular layout. 
Alternative 4: FMS and cellularisation. A GT cellular manufacturing for product group Band FMS for product 

group A. 

We have used the Expert Choice software in order to evaluate criteria and alternatives and to synthesize the final 
ranking ·of the investment alternatives in respect to the Division (i.e. the best manufacturing system). 

3.2. Investment management at corporate level 

In this c~e we assume that the company has a two-level organization structure and investment proposals 
suggested by different divisions are finally accepted or rejected at the corporate level. At the corporate level it 
is necessary both to evaluate which investment has the greatest expected returns and to assess the risk involved 
in each investment proposal. After this a portfolio matrix where the dimensions are the expected return and 
investment's risk can be produced. The final choice is made, however, by the principle of maximizing the 
expected utility. The utility is called 'total well-being of the company' and its arguments are the expected return 
and risk.In the case company, the expected return is evaluated by the following criteria: profitability, market 
position and its development, staff's know-how, innovations, and consistency with the company's mission. The 
risk is regarded to consist of three components: economic, technological, and implementation risk. Economic 
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risk embodies following factors: legislative changes, inflation-rate changes, competition from other companies, 
and time and resource constraints. Technological risk factors include hardware failure, software failure, lack of 
vendor support, contingency requirements and communication facility failures. Implementation risk consists of 
employee attitudes and skills; personnel education and training; technical support staff learning curve; employee 
,reward system; organizational impact; integrating available data, material and personnel; and customer accep
tance (Berliner & Brimson, 1988). In this case, as the number of projects is as low, as six, the effect of the 
project on the company's well-being and the total risk involved in ear.h investment project are assessed with 
pairwise comparisons (Figure 3.). 

Total well-being 

Risk Expected return 

Economic · Techno- Implemen- Market Consistency 

risk logical tation Profitability position Know-how Innovations 
with the 

risk risk and its company's 
developinen mission 

Project I Project 2 Project 3 Project 4 Project 5 Project 6 

Figure 3. Toe effect of the investment projects on the company's well-being 

When the all projects are analyzed by Expert Choice software the final results are calculated and they can be 
grouped into a portfolio matrix (Figure 4). The position of each alternative in the matrix is determined directly 
by the coefficients of risk and expected return as indicated in Figure 3. In Figure 4, the Pareto solutions are 
marked by square-symbols. 
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Figure 4. The portfolio of investment alternatives and pareto optimality 
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4. CONCLUSIONS 

Even though most companies are driven by a strategy nowadays, this principle is not necessarily applied to the 
investment planning and management. Investment decisions are more generally made in expecting a short-term 
profitability than securing a long-term success of the company. In order to achieve competitive advantage it is 
essential to extend the principles of strategic management to concern the investment planning and management 
too. The framework developed in this study ties the company's strategic plans and the selection of investtnents 
tightly together. . 

This study presents a framework how to support the investment process and it provides an approach for strategy 
oriented investment justification and evaluation. It also ensures that the company identifies more superior 
investment ideas from which to finally select and the selection of the investment is integrated with the 
company's strategic plans. The allocation of resources among projects is based on the company's strategy, 
available resources and the acceptable risk level. Moreover, the consideration of the whole invesnnent portfolio. 
eases the assessment of possible synergistic effects although the framework does not provide any method to 
measure their extent. In addition, this systematic framework makes group decision making possible and 
accelerates the company's learning process, which both enhance the decision making process and have a 
positive effect on the implementation of the project. 

The framework is flexible, versatile and easy to adopt, which are crucial characteristics in order to achieve the 
acceptance of users. It can be adapted to handle different investments in various conditions, but it is best suited 
for the evaluation of strategic, intangible investments in rather small organizations that can be either 
independent companies or business units. 
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Abstract 

Autocorrelation occurs when the value of a measurement is a function of the parameters prior value. 
Clinical data often has high levels of autocorrelation. In order to analyze clinical data one must be able to 
first measure autocorrelation and in some situations reduce it by adjusting data sampling and collection 
schemes. 

The use of nonnal statistical process control (SPC) charts requires low levels of autocorrelation. One 
proposed method of reducing the effective autocorrelation in data is by spreading out data sampling. Our 
hypothesis is that autocorrelation may be reduced by skipping data. It is shown that autocorrelation can be 
reduced in simulated, oxygen saturation, and heart rate data. The paper also looks at the problem of 
measuring autocorrelation. 

Introduction 

Single period serial or autocorrelation is defined as the relationship between a measurement and its prior 
value. The hypothesis of our study was that by controlling the time between observations, the 
autocorrelation in a set of measurements could be reduced. Three types of data were tested: 

1) Normally random generated values 
2) Oxygen saturation data collected in subgroups of 20 from short-tenn newborns 
3) Heart rate data collected in subgroups of 20 from short-term newborns 

The 20 data points in a subgroup structure were used because this was the standard method of collected 
data (rom short-term newborns. Because newborns have high heart rates, relative to adults, the subgroup 
size of 20 was required to control the elapsed time of our control chart on a standard computer screen. The 
data file was collected by a real-time statistical process. control (SPC) program that collected, analyzed, and 
graphed control charts for vital sign data. 

Theory tells us that SPC requires statistically independent data to work without adjustments. The program 
we are using has build in procedures for adjusting control limits as a function of the amount of 
autocorrelation in the data. 11ris paper was the result of our effort to better understand autocorrelation in 
vital sign ~ata and to determine if we should change the autocorrelation adjustment in the software or to 
leave it alone. Figure 1 illustrates a control chart for oxygen saturation data using the Biomedical Medical 

Quality Control program. On the top of the screen is the x process control chart, below that is a sigma 
(standard deviation) process control chart and on the bottom of the figure are charts of two different 
subgroup-to-subgroup m~thods for calculating the autocorrelation used to adjust the control limits. 
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e 1 SPC-BQC chart for short-term newborn o gen saturation -• . . . . 

Examination of the control chart illustrated in Figure 1 shows that there were four resets (the recalculating 
on control limit statistics) during the 32-minute period displayed. A reset is indicated by the background 
color of yellow. In black and white illustration (Figure 1) the darker background represents yellow. The 
sigma (standard deviation) process control chart indicated that the variation started high, dropped, and then 
returned to a high level. Both autocorrelation charts indicate the same result 

The reason we were concerned with calculating methods for autocorrelation was that the program performs 
all calculations and graphing in real-time and there is no standard (accepted) procedure for performing such 
calculations in a real-time environment. Figure 2 illustrates an Excel spreadsheet with the oxygen 
saturation data displayed. The data are rounded to the nearest whole number. Current clinical monitors 
provide whole nwnbers for oxygen saturation and heart rate. The data are recorded in 20 columns as 
illustrated in Figure 2. 

Accurate calculations of autocorrelation require precision nwnbers. The nearer the autocorrelation is to 
one, the more the calculation procedures are limited by the lack of data precision. All our efforts to find 
ways to obtain more precise numbers have met with failure. We must work with what is available. 
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Spreadsheet Correlation Calculations 

Our hypothesis was that we could reduce the effect of autocorrelation by skipping time ( data) between 
observations. To test the hypothesis we decided to measure the correlation betweeq the data in column B 
versus C, then column B versus D, and column B versus U. If autocorrelation were reduced by skipping 
data, the autocorrelation should go down as the number of columns skipped increased. Excel like all 
modem Windows spreadsheet programs have built-in calculation procedures for determining correlation. 
We selected not to use built-in formula because it required that we continuous reorganize the spreadsheet 
and we wanted to know and understand exactly how all calculations were being performed. The correlation 
formula used was: 

.;... 

{Cxi.-x)*(yi.-y) 

r -=================~ 
JfCxi- .X)

2 *:t" (yi--y)
2 

Where r is the correlation coefficient, xi is the value in column B, x is the average of column B, Yi is the 

value in the nth column, and y is the average of the nth column. One of the spreadsheets was selected as 
our example. There are three sheets in each spreadsheet. Sheet-I is for normally distributed random 
numbers, sheet-2 is for oxygen saturation (lal3al 7.bqc), and sheet-3 is for heart rate (lbl3bl 7.bqc). The 
data files lal3al 7.bqc (oxygen) and lbl3bl 7.bqc (heart rate) were from short-term newborns collected on 
August 1st at 1.17 PM ( 1317 military time) 1997. One hundred data points were generated for the random 
number analysis and the first 100 subgroups were selected from the data files. Autocorrelation in all 
number types were reduced as we skipped data; A total of seven data files of each type were examined (20 
points in each subgroup, 100 subgroups in each data set). The oxygen saturation and heart rate data were 
collected over a four-year period. On the average (when 18 data points were skipped) the autocorrelation 
in the. simulation data was reduced 9 percent, the autocorrelation in the oxygen saturation data was reduced 
by 20 percent and the autocorrelation in the heart rate data was reduced by 30 perc~nt. 

Table 1 Reduction in autocorrelation 
Simulation Oxygen sat Heart rate 

Minim~ 0.061291 0.043168 0.123786 
Average 0.093899 0.195902 0.305959 
Maximum 0.135506 0.380508 0.543675 

The reasons for the differences in autocorrelation reduction between the three types of data are subject to 
speculation. Figure 3 illustrates a graph of the reduction in autocorrelation in simulated data as the number 

. of data points skipped is increased. Because we are working with random numbers the actual reduction was 
a random variable. Starting with an autocorrelation of 98 percent and skipping 18 columns we obtained 
autocorrelati.on of levels around 90 percent Because we rounded our data to the nearest whole number, we 
were unable to simulated autocorrelation levels of 99 or 100 percent From other work; we note that if the 
data are 100 percent correlation, no sampling scheme will change the correlation. 
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Oxygen Saturation 

Figure 4 illustrates a graph of our oxygen saturation results. As the number of data skipped increases, the 
autocorrelation goes down. Because 98 was the highest autocorrelation number the spreadsheet would 
except (without division by zero errors) we compared random numbers starting with 98 with the oxygen 
saturation results. Figure 4 is typical of the results we obtained. 

Heart Rate 

Fi~e 4 O~gen saturatio_n and random numbers · 
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Figure s·mustrates the graph of heart rate results. The reduction of heart rate autocorrelation was greater 
than the reduction for both oxygen saturation (with the exception of one sample) and simulated numbers. 
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Speculation 

We do not know why the simulation data had a 9 percent reduction, the oxygen saturation data had a 20 
percent reduction, and the heart rate had a 30 percent reduction. We know that real data both oxygen 
saturation and heart rate data includes changes in addition to autocorrelation. Simulation only includes the 
autocorrelation changes. The 9 percent reduction of the simulation data could be taken as a minimum when 
no other aspect of the data are changing. Figure 6 illustrates oxygen saturation and heart rate data for a 
given patient for a given time period. They look different Theses are typical patterns for these two vital 
signs. Our experience tells us that the oxygen saturation data are more autocorrelated than the heart rate 
data. Using the traditional calculation method (formula used in this research) we do not get the expected 
results. 

Using a subgroup-by-subgroup autocorrelation calculation procedure we consistently obtain results that 
reflect the data patterns shown. Figure 1 illustrated the control charts and two subgroup-by-subgroup 
autocorrelation calculation methods results for oxygen saturation measurements (0. 908 for method one and 
0.604 for method two) from baby data file: la9a46. Figure 7 illustrates the control charts and two 
subgroup-by-subgroup autocorrelation calculations (0.863 for method one and 0.727 for method two) for 
the same baby for heart rate (lb9b46). In our opinion, the subgroup-by-subgroup autocorrelation 
calculations using method one better reflect the data pattern than the traditional correlation formula. 
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Because of the data layout, the subgroup-to-subgroup calculation method could not be used for measuring 
the reduction in autocorrelation. 

Figure 7 Heart rate autocorrelation 

Conclusions 

Skipping data reduces autocorrelation. The amount of reduction is a function of the data. Oxygen 
saturation autocorrelation is reduced faster than simulation data. Heart rate autocorrelation is reduced 
faster than oxygen saturation data. The traditional correlation formula illustrates these results._ 

There is a question of how autocorrelation should be calculated in subgroup data. The traditional formula 
does not reflect data behavior. The subgroup-by-subgroup calculations results more closely agree with the 
visual results. 
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This paper describes the different implementation approaches for Spatial Database. The paper -
discusses the combination ofobject sets, approximation of spatial objects, and representation and 
decomposition of spatial objects. Additionally, this paper describes efficient I/0-transfer of spatial objects 
and spatial join and map overlay. Finally, a multi-step spatial query processing is demonstrated. 

Introduction 

Spatial data is the data that we naturally think of as existing in n-dimensional space. There are lots 
of areas that need the representation of spatial data. For example, the geographic data, some mathematical 
data that involving coordinates operation, etc. In hWllail's natural thought, a point on a surface is a single 
object. However, we cannot define a point use a single attribute in the traditional RDBMS. We always 
define this kind of concept use two columns -- one for, say X-coordinate and one for Y-coordinate. The 
semantic problems of points representation becomes more complicated if the application has the operation 
involving lines, curves and irregular areas. Furthermore, if we use the SQL language to implement the 
operation described above, things become complicated. 

Another problem is the performance problem. Because the traditional RDBMS system cannot 
represent point concept. So if we want to retrieve some infonnation concerning about the points that in a 
specific area, this will lead the problem --"full table scan". However, the databases for commercial 
purposes are very large, some of them are VLDB, the "full table scan" method will lead the decrease of 
perfo~ance. There are still some problems on indexing. Traditional index method can only index the X
coordinates or Y -coordinates. Combining the two aspects together is hard to implement 

Implement approaches to the spatial database 

Spatial database engine · -

'J)us way is relatively easy to implement since the database itself is the traditional database. To 
implement the spatial or multi-dimensional feature is to use some add-ons to the database. These kinds of 
add-ons are called SpatialDatabase Engine (SOE). 
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The typical spatial database engine is composed of in the following way: 

DBMS 

The SDE is an integrated spatial database engine that-can process various requirements from 
different kinds of clients. Typically they are Map objects, Custom Applications, CAD client, and various 
kinds of view tools, etc. Most SDE are cooperative processing client/server architecture. Client requests 
can be optimized at the point of SDE. A fully optimized SDE can promise data access and da~ retrieval 
extremely quick. 

SDE can perform spatial and geometric analysis functions for real estate inquiry, buffering around 
environmentally protected areas, checking for environmental haz.ards, and so forth. SDE also allow spatial 
data access across local area and wide area networks. By using TCP/IP protocol and external Data 
Representation (XOR), you have fast access and retrieval of data across networks that include UNIX, 
Windows 3.1, :Windows NT, and Windows 95 systems. Moreover, SDEs support API for various kinds and 
different environments. Users can develop custom applications using popular C and C++ and some tools 
provided by the vendors. 

Self-Made Spatial Database 

The Self ~made Spatial Database is a new type of database that can contain spatial data, the simplest 
case is two dimensional situation which contains the X-coordinates and Y -coordinates. In order to 
implement these kinds of database, we need to solve some proble~ that are special to the "real" spatial 
database. The first thing we need to do is to recognize the relationship between the X-coordinates and Y
coordinates. There is a method that called Spatial Data Option (S00) that deal with this problem. In S00, 
a coded column[3] is defined on the relational database that represents the object's location. A value for the 
code is stored with each tuple of the table . 

. A code represents a particular partition and codes with small length represent large partitions and 
the codes with big length represent small ones. A suggested method to generate the code is to partition the 
whole region into four quadrants and partition each one recursively until it meet some requirement 
Moreover, the nwnber of partitions can be decided overhead according to the. size of region. If the region is 
very large, we can divided it into more than 4 parts, say, 16 parts, and use some parallel algorithm to 
partition each one separately. Using this method, the database engine can partition the large tables 
according some specific parameters. So, a query involving a specific point parameter can go to a specific 
partition. This is much more efficient so that it can lead the gain of the perfonnance. 
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Another crucial point is about the indexing. As we know, Index is a common method that speeds the 
query~ Because the spatial database here is different from the traditional database, the problem of indexing 
arises. 

This leads the concepts of the R-tree[4] that is designed to support the spatial data. As we know, 
B-tree and b+-tree is the full balanced tree which allowing fast searching. Most database management 
systems nowadays use this kind of mechanism. And the R-tree is the extended B-tree adapted for points 
and regions. Some of the information stored in R-tree indexes differs from what is stored in the B-tree. In 
addition to storing a row identifier in leaf-level nodes, it also stores the boundary data for the indexed 
objects. The boundary means the lower-left and upper-right points that specify the minimum bounding 
rectangle. Non-leaf nodes contain pointers to lower level nodes, as well as the bounding information that 
bounding all the lower level _nodes that it_points to. 

Operations in Spatial Database Systems 

Since spatial database systems are used in completely different application environments, it is not 
possible to find a compact set of operations fulfilling the requirements of all applications. We therefore 
distinguish three different classes of basic operations which should be efficiently supported in spatial 
database systems: 

1. Update operations: insert, delete or modify. 

2. Simple spatial selections are of great importance within the set of spatial queries and operations. An 
efficient implementation of spatial selections is an important requirement for good overall performance of a 
spatial database system. · 

• The point query yields all objects that geometrically contain a query point. 
• The region query yields all objects sharing points with a query polygon. A special case of the region 

query is the window query. 
• ·The query region of a window query is given by a rectilinear rectangle. Both, the window query and 

the region query are often called range queries. 
• The nearest neighbor query yields the closest object to a given query object. 

Point Query . ~.::: ~· \ 
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3. Combination of object sets: 
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• The spatial join computes all pairs of objects fulfilling a spatial predicate. 
• The map overlay geometrically combines two or more sets of objects. 

4. Approximation of Spatial Objects 
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Spatial access methods only exclude objects which do not fulfill the query. For the remaining 
objects, the exact geometry has to be tested. Tests using the exact geometry of complex objects are 
computationally expensive and therefore, it is worthwhile to introduce an additional filter step to reduce the 
number of false hits and to identify as many final answers as possible. For this 
purpose, object approximations may be used. An approximation of a spatial object should be as simple as 
possible and the deviation from the original object should be as small as possible - obviously, two 
competitive criteria. 

A first task is the analysis and classification of different types of object approximations. An 
important class of approximations are approximations which are completely containing the original object. 
The figure shows some examples of container approximations. r····~;~~~.: ....... ... .. .... ... .......... : : .. ·\;_~~,·~::: __ .. : ................. l l ... :~·::::~~········· ....... 1 \:~.-·~:;;.:::::·::-:,::·::::,,, : : ..... _____ =~.. . . \ ~\'--··,.___ --~ 

··•:\ ~ : : \:\ :~ . . ' '- \ ----:\\ . ·--:~.!! -'1 · · •:::·•, , ~ · · ,, ·..... ,· 1 .... ;~ • • \ I •.~ • • ••,,. 1
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. 5. Representation and Decomposition of Spatial Objects 

Object approximations are used to reduce the number of exact geometry tests of polygons. Object 
decompositions are used to simplify such tests. Consider a point-in-polygon test. This test is rather time
consuming for polygons with thousands of vertices. On the other hand, only a small local part of the object 
is actually relevant for the decision whether an object contains a point or not. Tiris leads to the idea of 
object decompositions, where the objects are divided into a number of simple and local components, e.g. 
triangles, trapezoids, convex polygons, or even more complex components satisfying some quantitative 
constraint. 

\ .. 
. -··-~···~ · · · · · · · · ·iraiioYd.s · · · · · · · 

Using object decompositions, geometric tests are applied only to the object components, which is 
much more efficient than testing the whole polygon. To decide which components are relevant for a 
particular test, the components of one object are organized in a specific spatial structures. 

6. Efficient 1/0-Transfer of Spatial Objects 

Typically the objects of a spatial database system are stored in pages on secondary storage. Access 
to secondary memory is very slow compared to accessing main memory. Therefore, the organization of the 
memory access to the exact geometry of objects is very important for an efficient processing of spatial 
queries. Typical range queries, for example, require an access of many data pages, which is much more 
expensive for arbitrarily distributed pages than for physically contiguous pages because the search time of a 
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page is much higher than the transfer time and because physically contiguous pages can be transferred by 
one set-oriented disk access into main memory. 

To support a set-oriented disk access, we need additional concepts. The runtime of a set-oriented 
access depends on how close to each other the required pages are located on disk and on the order in which 
the required pages are read. If the data pages storing spatially adjacent objects are distributed arbitrarily 
over secondary storage, the goal is to find an optimal order for reading the necessary pages·and to estimate 
the resulting costs. 

To avoid this, the concept called scene organization was suggested. The basic idea is to associate 
the geometry of spatially adjacent objects to sets of physically contiguous pages and to use a set-oriented 
1/0-manager in the underlying system. Based on this idea, we developed a spatial access method for scenes 
which allows dynamic changes of the database. 

SAM 

.... 

. . 
··· "'l data pages 

l"~ l 1-1 i-i .-.. -11 l SCClCS 

scene-organisation of secondary storage 

Spatial Join and Map Overlay 

One of the most important operations in relational database systems is the join operation. The 
corresponding operation in a spatial database system is the spatial join. The spatial join operation combines 
objects from two spatial relations according to geometric attributes, i.e. their geometric attributes have to 
fulfil a spatial predicate. Spatial predicates may be intersection, containment or distance predicates. The 
importance of the spatial join is comparable to the importance of the natural join in a relational database 
system. It can be used for the implementation of all kinds of operations and queries, which combine sets of 
spatial data In a GIS system, the spatial join may be used for an efficient implementation of the map 
overlay. The map overlay constructs a new map from two or more given maps which is important for 
geographic analysis. Application areas are for example, city planning, ecological, demographic, and 
geophysical studies. 

The goal in this research area is to develop a spatial join processor, which is also based on the 
concept of multi-step spati~ query processing. The spatial join processor will be the basis for an efficient 
implementation of the map overlay. A further goal is the construction of algorithms for parallel spatial join 
processing. 
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Multi-Step Spatial Query Processing 

Input-Set 

........ . . . . . . . . 

11111111111111 I 

Multi-step spatial query processing means that queries or operations are executed in successive 
steps called filter- and refinement-steps. 
The costs of expensive operations are reduced by pre-processing steps which are more simple and efficient. 
The main goal of a prededing simple filter-step is to reduce the number of objects possibly fulfilling the 
query, so-called candidates (Ci). Candidates which do not fulfill the query are called false hits(Fi)). Only in 
the last step, the refinement step, an exact test is performed on the reduced set of candidates. In the figure, 
the cost of the processing of an object is indicated by the size of the "$" -symbol. 
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ABSTRACT 

This paper presents the way of integration between the existing bus system and the new constructing elevated 
train system by simulation approach. The paper firstly analyzed with the existing transportation system of Bangkok 
and then introduced the conceptual simulation model for the new constructing elevated train system. The model was 
then formulated in ARENA simulation package. Base on the first conceptual model result, the model is extend~d to 
cover the main problem of integration between the bus system and the elevated train system. Finally, the paper 

· discussed about the number of trains, the place of the train station and the schedule of the train system based on the 
simulation results. · 

INTRODUCTION 

One major cause of traffic problems in large and heavily populated cities is poor mass public transportation 
system. The main mass public transportation that is solely relied on the city of Bangkok is the bus transportation 
system. With the rapid growing of over population of Bangkok together with the fetish of Bangkok people on cars, 
the bus transportation have not been able to effective accommodate all of its travelers. Like many other major cities 
in the world, when one mass public transportation system is insufficient to effectively accommodate all city 

· travelers, these cities must have to implement another effective transportation system. Now, Bangkok is being 
implemented with an elevated train system. This train system is expect to accommodate a mass number of city 
travelers in heavily populated and business oriented areas that should significantly take weight off the public buses 
and ease traffic problems in those areas. However, like many other large cities that have implemented an additional 
mass system such as a train system, their bus system had modified to implement effectively en the new coming train 
system. Thus, the systematic approach to develop integration between the existing bus. system and the n~w coming 
train system is very important issue. 

PROBLEM STATEMENT 

Improper integratiqn between the existing bus system and the new coming train system, the expected 
outcome of reducing traffic problem, could not reach and can .obtain the worse traffic problem with empty train and 
crowed buses or .crowed trains with empty buses. Therefore, it is necessary to analyze the suitable approach for the 
effective integration that can give the best performance between the train system and the existing bus system. To 
fmd the best solution of this problem, the overall system must be analyzed closely. Then, it is necessary to develop 
the suitable train stops, number of lodges in a train and the train schedules for effective integration with the existing 

· bus schedules. · 

There are several tools and techniques to analyze the interaction of mass transit system. Black (1989) stated 
that simulation is a powerful tool in the analysis of difficult real life phenomena with complex relationship ~ong 
the numerous variables affecting bus transport operation. Dickey (1983) also presented many ways of analysis on 
traffic surveys. Seetraram(1986) developed a computer simulation model to study the performance of the public bus 
system during the peak periods and periods of congestion. 

MODEL DEVELOPMENT 

Due to the probabilistic nature of problem and involving with many parameters in transportation models, 
many researchers fmally suggested to use simulation as good tool to handle that (Seetraram, 1986). This research 
work also aimed to use the simulation as a tool for analysis the integration problem. The flow diagram of the 
research work was presented in Figure L 
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Figure 1 - Flow Diagram of Simulation Approach 
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It might be too late if the analyze is begun after the new transport is already used. Only one way to analyze 
the whole system before both of them are used is to simulate the system. When applying simulation approach, it is 
necessary to formulate the proper model that can be an image of the real situation as much as possible. In addition, 
there are many available simulation software and thus, it is necessary to select the proper one which can provide 
flexible tool and interface for development at model development. According to above mention situation, the 
approach firstly started with proper simulation package selection among available. There are many programs that 
are suitable for the transportation system but the most suitable is arena. ARENA is not specific only for the 
transportation system but also for many types of simulation. This is a good point of ARENA because it can support 
as many cases as the user, want and the simulated system would be more similar to the real system. The second 
benefit of ARENA is that the software contains the powerful tool about the statistical and many kinds of 
distnbution. These support the user to simulate the system comfortably. Another _advantage of ARENA is that it is a 
flowchart program so the system can be checked and understand easily. In addition, due to unavailable simulation 
packages at institute, the only ARENA simulation package was a dominant tool for formulating the problem stated. 

After selection the simulation software tool, the scope of the system would be though about Like a saying of 
"Solve difficulties by think simple first", the simple hypothetical model 1 was developed by considering only two 
train stops with only one bus lane arrival. That can be descnbed as shown in Figure 2. The simplest model was 
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simulated in order to study for the feasibility of the direction of the ·model formulation. Then the more advance 
system was simulated to make the system closer to the real world system. After formulation of the model, the 
verification and validation are needed at the end of each model. To verify and validate after the end of the very big 
final program is too difficult and might be too late to debug the model. To simulate the system, many parameters 
are needed to be concerned and many data are needed collected also. 

Station 1 Station 2 

I I I . I I Q I RailWay Q 
Train Start End 

Figure 2 - Model Flow Diagram of Hypothetical Model 1 

After developing the model 1 to cope with the general idea of integration, the model was tested with the 
theoretical weibull distributions with varying shape factor and scale factor. At that model 1, the train time between 
station 1 to station 2 was constant. The number of lodges at the train is 5. The output analysis was the number of 
queue at the starting station based on the bus arrival. From analysis of output result, it concluded that the number of 
queues at the station 1 was not much related with bus arrival on only one bus station with one bus system. The 
queue depends on the train schedule. Then the model 1 was extended to analyze on multiple bus arrival condition . 

. Thus, the hypothetical model 2 was developed. In that model, there are three ways of bus arrival and each way has 
three different bus numbers to be arrived. The model can be illustrated as shown in Figure 3. After developing 

. hypothetical model 2, the model tested with real data for validation. 

' Station 1 Station 2. 

Bus AITWal 2 11 I I I I I Q I...___ __ Rail w_aY ____ J Q 
,. Train Start . End 

Figur~ 3 Model Flow Diagram of Hypothetical Model 2 

·Data Collection 

After model construction, the estimated data were put to run on the final model in order to be used for 
verification and validation because the data that are close to the realistic data can reduce mistaken of verification and 
validation. The raw data of the coming traveler for rush hours (6:00-10.00 a.m.) were collected at the starting point 
of the elevated train system to estimate the number of the coming passengers who come. to use the elevated electric 
train. 

Input Data Assumption 

However the real data were collected, there were many data that were not available such as. train speed, train 
capacity, and etc. So these data were estimated by suggestion from the company. Although some of the 
assumption, the verification and validation of the program can show that the model is ready for the real data. After 
verification with the real data into the model 2, the model 2 was behaved as a block for each station of the train. 

358 



IMPLEMENTATION 

After validation the model 2 with real data, the final realistic model was developed by combination of 
model 2 and analyzed based on the results appeared at the model 2. The fmal model was extended by many train 
stations with three bus arrivals to the first train stations as shown in Figure· 4. 

Hypothetical 
Model 2 

Hypothetical 
Model 2 ••• Hypothetical 

Model 2 

Figure 4 Model Development of Final Realistic Model by combination of Model 2 

At first, the final model was extended by appending two model 2 as considering 4 train stations with 3 bus 
lane arrival on each two alternative station. Then, simulation was carried out based on actual data and fmd out the 
maximum queues by varying the train arrival time. 

20 ,---------------, 
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Figure 5 Queue time vs. Train Arrival Time for Monday 
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Figure 6 Queue time vs. Train Arrival Time for Tuesday --20......--------------, 
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Figure 7 Queue time vs. Train Arrival Time for Wednesday 
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Figure 8 Queue time vs. Train Arrival Time for Thursday 
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Figure 9 Queue time vs. Train Arrival Time for Friday 

REASUL TS AND DISCUSSIONS . 

The important output data that are very necessary for the analyses are the queuing time at all stations (both 
bus station and train station). The passengers are directly effected by the queuing time. They might tum to use any 
other ways that may caused the traffic problem again if they had to wait for the train for a very long time. 
Therefore, maximum waiting time was measured in analysis. At the first analysis, various data will be collected 
again and again for each different inter-arrival time of elevated train. The~ the ·appropriate train arrival time 
distribution was derived. After that the model were run again with the fix train inter-arrival time but variety in bus 
arrival time at the second stations. The same method was used to find the appropriate bus inter-arrival time. There 
were five different data sets that were simulated in the final program for five days (Monday to Friday). The results 
of each are shown in table 1.). 

From ·the results, it can be approximated that on Tuesday, Wednesday and Thursday, the waiting time for a 
passenger is small. On Monday, there are much more passengers than the first three day. This may be because it is 
the first day of the week. On Friday, the waiting time was increasing with the train arrival time. Based on the graph 
analysis, we can choose the best train arrival time by giving the suitable waiting at each station. IF the waiting time 
for the train is too high, the passengers will not wait and change to select another available transportation and that 
might give worse condition to the system. Therefore, the proper waiting time for train is very important According 
to Figures (4) to (9), the common waiting time is defined as 5 min. Th~ we can find the common train arrival or 
train schedule between each station can be selected. For example, on Monday, if train is scheduled to be appeared 
on the range between 20 min. To 30 min., the waiting time of a passenger does not affect much with the value of 5 
min. to 6 min. only. Similarly, we can find out the suitable train arrival time that gives the acceptable waiting time 
for a passenger. 

Based on the model 2, the final model was simulated as shown in Figure 4 and the results for the final model 
. was tabulated in Table 1 for 5 number of stations for the train. 
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Table 1 The results of the final model 
Day train arrival time q-time train station! q-time train station2 q-time bus station 
Monday lOmin. 5min. Smin. 3.5min. 
Tuesday 15min. 5min. Smin. 2.0min. 
Wednesday 15min 5min. Smin. 2.0min. 
Thursday 15min. 5min. Smin. ' l.5min. 
Friday lOmin. Smin. Smin. 3.0min. 

The simulating had been done to show how to use the program and how to find the real optimum solution. 
Depended on the rough input data the results show that in each day the inter-arrival times are not similar to one 
another. To optimize the capacity of the system, the inter-arrival time must be changed to appropriate with the 
traveler need 

CONCLUSION 

This paper presents the basic idea to avoid the problems that might be happened in the future. The elevated 
electric train introduced to the system will work with the bus system. It is not the real system, both the verification 
and validation are needed. In order to verify and validate the model to be ready to use for the real world, some raw 
data are collected from the real world After analyzing and adjusting, these data are put in to the system as input 
parameters. These parameters consisted of arrival time and batch size of the passengers, capacity of train, capacity 
of bus, and travel time between each two train-stations. After running, the results are analyzed and variable 
parameters such as train arrival time and bus arrival time are changed in order to find the optimal solution. The final 
values of these variable parameters are the target of the analysis but the output data from the program are the 
queuing time at each station. These optimum values can be obtained from the output of the model. The accepted 
queuing time must be set in order to fmd the longest arrival time of both bus and train. Currently, the fmal 
simulation model is extended to accept more realistic condition by combining the constraints of possible places for 
the train stations together with the existing bus routing. Moreover, the research is planned to extend the model to be 
simulation optimization by using the concept of Genetic Algorithms (GAs). 
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The commercial jet aircraft industry is an important and wtlque segment of the world economy. ·This paper presents 
a case study in the development of predictive models for yearly US market share, on an aircraft type and world 
region basis. This paper discusses a set of candidate predictor variables, the asswnptions needed for data collection 
and modeling results for Type 4 aircraft (those aircraft with capacity of91-120 passengers). The significance of this 
study is not only in the development of predictive models but also in the identification of predictor variables with 
potentially significant impact on US market share. 

PROBLEM BACKGROUND 
The commercial jet aircraft industry is of significant economic and strategic importance to the United States. In 
1994, the industry directly employed approximately 500,000 and generated about $20 billion in sales, of which 
approximately three fourths were exports (Aviation & Aerospace Almariac, 1997). Over the past decade, the 
continuing development of Airbus Industrie as a market force has steadily eroded the competitive position of US 
commercial aircraft manufacturers. As a reflection of the strategic importance of this industry, one of NASA's 
objectives is to promote the United States' leadership position in the commercial air transport industry through 
research in appropriate leading edge aeronautical technologies. Predicting the potential impact of these research 
investments may provide guidance for funding priorities, and advocacy evidence of the need for long-term research. 
Tilis paper discusses the preliminary findings of a study to develop predictive models for the U.S. market share of 
commerc~al jet aircraft. · · 

The Aircraft Industry and Its Impact on Model Development . 
TI1e objectives of the study are to develop predictive models, relying on a few key predictor variables, for the U.S. 
market share of commercial jet aircraft. The model development is in this application made more complex by the 
nature of th~ aircraft industry. The commercial large aircraft industry has particularly interesting characteristics, 
including a singularly high political and economic profile, the need for significant capital investment (for both 
market entty and new product development), and important qualitative factors that influence airplane purchasing 
decisions (Boeing, 1996; Wingrove, 1995). In addition, the industry has undergone dramatic change over the past 
twenty five years (most notably the emergence of Airbus Industrie). Although qualitative factors (e.g., buyer 
incentives, historical links between airlines and manufacturers, and political leverage) may be significant market 
pr~dictors, the models developed ate to be based exclusively on aircraft and indusuy technical characteristics (at the 
specific request of the funding agency). The process change wtdergone by the aircraft industry over the past two 
decades implies that data prior to the 1970s may not reflect the present process and should not be used in model 
development. Thus, at most twenty six yearly observations are available for model creation, an important limitation 
impacting the form of model and results of this study. 

Study Assumptions and Definitions , 
Market share may be defined as the percentage of a specific market captured by a particular company or group of 
companies over a particular time period (in this application a calendar year). For purposes of this study, this 
conceptual definition is expanded so as to eliminate possible ambiguity: the U.S. market share is defined as the 
percentage of firm orders on an actual dollar basis secured by all U.S. manufacturers of commercial passenger 
aircraft as calculated on an actual dollar basis. Although a seemingly simple definition, there are several items 
which, due to the complexity of the aircraft industty merit explanation and clarification. 

• Firm orders - data used in this study includes only finn committed orders for new aircraft and excludes options 
or preliminary indications for future orders. · 
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• Commercial passenger aircraft - aircraft included are those dedicated to commercial airline use, exclusive of 
freight or combi (passenger/freight) aircraft. Aircraft sold to military, government or private corporate 
customers are also excluded from this study. 

• Dollar basi_s - market share is based on the acquisition cost of the airframe, engines, avionics and initial 
contingent of spares. Following industry prescribed guidelines, initial spares have been estimated as a constant 
9.05% of the price of the airframe, engines and avionics (Logistics Management Institute, 1997). Note that 
actual dollars are used in all calculations. 

• U.S. -manufacturer - U.S. manufacturers are assumed to be those whose corporate headquarters are in the United. 
States and whose aircraft are substantially built within the United States. Foreign wholly owned subsidiaries of 
U.S. finns are specifically excluded from this category, e.g; Dornier aircraft are considered foreign aircraft 
though Dornier is presently 80% owned by Fairchild Aircraft of San Antonio, Texas. Similarly, no effort has 
been made to identify components of U.S. aircraft build or integrated outsid~ of the United States, e.g., any 
foreign value added or component integrated into an aircraft manufactured in the United States. 

A fundamental assumption in this study is that firm orders, as opposed to deliveries, provide a better measw-e of the 
capability of U.S. manufacturers to meet global market demand Although the use of aircraft deliveries may be 
appropriate for other pwposes (e.g., yearly trade figures), the use of deliveries may introduce confounding effects 
from factors such as development delays associated with new aircraft, customer initiated delays in deliveries, 
pwposeful throttling of deliveries by manufacturers, and cancellation for customer convenience of firm orders. 

Segregation According to Aircraft Type and World Region 
Previous research work has identified, and the industry accepts on both a formal and informal basis, the segregation 
of the commercial aircraft market according to aircraft type (Boeing, 1996; U.S. International Trade Commission, 
1993; March, 1990). For pwposes of this study, the market has been further segregated according to the geographic 
location of the airline operator. lhis study adopts the convention used by the Boeing CoipOration, in which there 
are eight aircraft types and four world regions (Boeing, 1996). Table 1, Aircraft Types and Wor\dRegions, 
identifies the eight aircraft types and the four world regions used in this study. Note that in general, most 
commercial jet aircraft fall in types 4 through 8. 

. 
Aircraft Types World Regions 

-o -- ,. 
Type Seatin_g_ Capacitv Region· Coverage 

1 <SO -1 U.S. and its possessions 
2 50-69 2 Europe (excluding CIS nations) 
3 70-90 3 Asia (including Indian subcontinent and Pacific Rim) 
4 91 - 120 4 Rest of the world 
s 121 -170 
6 171-240 
7 241- 350 
8 > 350 

Table I. Aircraft Types and World Regions 

The Master Data Base 
The development of predictive models presumes the existence of a reliable database. The .database ~ust at a 
minimwn include a time series of U.S. market share for each world region and for each aircraft type, calculated on 
an actual dollar basis. A previous historical market analysis (Fernandez, 1997) developed a database from which 
actual yearly dollar orders for both U.S. and foreign manufacturers (on an aircraft type and world region basis) can 
be derived. Yearly market shares for U.S. manufacturers are easily found from the a~tual yearly dollar orders. The 
results, however, may be-subject to irregular fluctuatio~ due to market forces (e.g., aup~e ~ufacturers _for 
strategic reasons often cluster orders, or important customers such as the Peoples Repubbc of China place smgularly 
large orders). Centered moving averages (CMAs) are used to filter short term, high frequency ~oise in !he yearly 
order data and to maintain the correct correspondence between the filtered data and the yearly time penods. 
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Calculation of the CMAs for the historical annual dollar orders are based on two period moving averages (i.e., k=2). 
TI1e calculated centered moving average of yearly dollar orders, CMAt, for period t is found as, 

{yt-1 + 2yt + Yt+I) 
CMA, = 

4 (1) 

where, 

CMAt = the centered moving average of dollar orders for year t; and, 
y, = the dollar orders for year t. 

A period of two is used so as to filter very high frequency noise, yet minimize the loss of yearly data due to filtering. 
The latter point is noteworthy, since increasing values ofk result in greater loss of observations, a particularly 
important issue in this instance as there are a relatively _small nwnber of observations with which to construct the 
predictive models. 

The annual U.S. and foreign market shares are easily derived from the corresponding centered moving average of 
U.S. and foreign dollar orders. It should be noted th~ although seemingly the same, directly calculating centered 
moving averages of the yearly market shares is not appropriate since it may result in incorrect market share values. 

MODEL DEVELOPMENT 
Selecting the Form of Model 
In this instance, customer requirements and process associated constraints combine to define the specific criteria 
used to select the fonn of model. The principal considerations used to select the model are as follows. 

1. TI1e modeling approach must accommodate a relatively small nwnber of observations - The model must 
represent the aircraft industry as it presently exists. For most aircraft types, this means that only data from the 
late 1970s to the present should be used. In the case of aircraft type 8, this restriction becomes even more 
stringent since only data from the past ten years is truly reflective of present conditions. 

2. The form of model must be widely understood and accepted, with readily availa~l.e commercial software for 
model development - An accepted modeling approach instills confidence in the results, and facilitates its 
acceptance by potential users. · 

3. ·The modeling approach must provide insight into possibly spurious correlation between predictor variables and 
the response variable (U.S. market share) -TI1e model development process should include reasonability 
checking of the modeling results. Tilat is, does the model make sense, relative to expected results? A "black 
box" method such as neural networks does not facilitate this type of iI~ight. 

4. TI1e models must be easily incorporated into an applications software environment - TI1e predictive models 
developed under this study will be ultimately incorporated into an application program. The approach must 
therefore lend itself to conversion into C code. 

5. . The models must not be unduly dependent on subjective data - To the extent possible, the models should rely on 
actual historical data. 

Based on the above criteria, classical multiple linear regression was selected as the approach of choice for 
developing the predictive models. 

Selecting the Candidate Predictor Variables 
The predictor variables are factors that explain a significant proportion of the variation m the U.S. marlcet share for 
commercial aircraft of particular types. Desirable predictor variables should also be: 

• objectively measurable; 
• · readily available for the historical time· period of interest; 
• _ satisfy the asswnptions and requirements for model development; and, 
• result in models providing causal relationship insights. 
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The last point refers to the potential for spurious correlation between historical U.S. market share and certain 
predictor variables. For example, the U.S. market share for aircraft types has declined over the past decade though 
U.S. aircraft have shown improved performance (e.g., increased fuel efficiency relative to foreign competition). 
The market sruu-e predictive model should not incorporate the spurious correlation between increasing aircraft 
perfonnance and decreasing US market share. _ 

A set of candidate predictor variables was identified, and associated sets of time series historical data collected for 
each variable. The model development proceeded on the basis of these sets of time series. The candidate predictor · 
variables examined in this study are: 

I. $/ECUt - the U.S. dollar to ECU exchange rate (average) for year t; 

2. $/ECU_Lt - the U.S. dollar to ECU exchange rate (average), lagged by 1 year, 

3. Fuel Pritet - the US S per gallon cost of jet fuel (world wide average) for year t, in actual dollars; 

4. Fuel Price Constanlt - the cost of jet fuel (world wide average) for year tin constant 1995 U.S. S per gallon; 

5. F_EFFtj 
[(passenger* miles)/ gal/on]Fomgn 

- the ratio of ___________ _;;;_ for year t and aircraft type j; 
[(passenger* miles)/ gallon]us 

6. [COST/(RG*ST)]tj 

typej; 

[$cost/ (range* passenger capacity)lus 
- the ratio-of ---------------- for year t and aircraft 

[$cost/ (range* passenger capacity)]Forcign 

7. NEW ~Ut - a dummy, binary (0,1) variable reflecting the introduction of a new aircraft model by a U.S. 
manufacturer in year t, where I indicates a new model introduced; 

8. ·NEW _Ft - a dummy, binary (0,1) variable reflecting the introduction of a new aircraft model by a foreign 
manufacturer'in year t, where I indicates a new model introduced; 

9. DEL_Ut - a dummy, binary (0,1) variable reflecting the delivery of a new aircraft model by a U.S. 
manufacturer in year t, where 1 indicates a new model delivered; 

10. DEL_Ft - a dummy, binary (0,1) variable reflecting the delivery of a new aircraft model by a foreign 
manufacturer in year t, where I indicates a new model delivered; 

11. LAG_CMAt - the centered moving average (CMA) of U.S. market share in year t, lagged by 1 year, 

12. NEW_ U _ Lt - the variable NEW_ Ut, lagged by 1 year, 

13. NEW _F _4 - the variable NEW _Ft, lagged by 1 year, 

14. DEL_U_Lt - the variable DEL_Ut, lagged by 1 year, 

15. DEL_F _Lt - the variable DEL_Ft, lagged by 1 year; 

16. Regionx - a (O,i) dwnmy variable used to differentiate between the world regions, where x = 1, 2, 3, 4. 

The sets of time series data collected for the above variables spanned the years 1970 to 1996, inclusive. 
Observations were collected from various data sources, principally: 

• TI1e Airline Monitor (May 1997); and, 
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• Jane's All the World's Aircraft 1975-76; 1980-81; 1985-86 and 1994-95 (1976; 1981; 1986; and, 1995). 

Aircraft performance characteristics are based on published design specifications for the particular aircraft model. 
In the case of various model versions, e.g., extended range versions, data corresponding to the median or most 
common aircraft is used. Ratios between the corresponding characteristics of foreign and domestic aircraft are used 
to reduce the potential of scaling problems and to· provide insight into relative aircraft perfonnance. This approach 
allows evaluation of the impact of the relative perfonnance of domestic and foreign aircraft. 

As previously discussed, the process change undergone by the aircraft industry effectively restricts usable data to 
that corresponding to the past twenty five years. Dummy variables corresponding to each of the four world regions, 
Region1 through Regio11.t, effectively provide a five fold increase in the number of data points available for model 
development 

Regression Results 
The objective of the study is to develop five predictive models for U.S. market share of commercial aircraft,' the five 
· models correspond to aircraft types 4 through 8. As a starting point, each of the five models was assumed to take 
the fonn: 

4 

MS= Po+ LPixi + LP1cX1c (2) 
J k=l 

where, 

MS = market share of U.S. manufacturers; 
· Po = constant coefficient; 
pj . = constant coefficient corresponding to tl1e Jh predictor variable; 
·pk = constant coefficient corresponding to the kth predictor variable, k=l, ... , 4; 
Xj = a predictor variable; 
j = index corresponding to a predictorvariable,jeJ; 
J = set of predictor variables for a particular type of aircraft; 
Xi.: = a dwnmy variable corresponding to the kth world.region, Xi.:E{0,l); and, 
k = index corresponding to the world regions, k= 1, ... , 4. 

For completeness an additional subscript corresponding to the five aircraft types (types 4 through 8) should be added 
to each of the variables in equation (2). TI1ese have been omitted for the sake of clarity. Recall that the use of 
dummy variables provides a five fold increase in the number of observations for model development. Note that 
when Xi.: is 0 for all k, MS corresponds to the global market share of U.S. manufacturers. 

MiniTab statistical analysis software was used to develop multiple linear regression models of the above fonn. As 
an example of the results obtained, let us consider aircraft type 4 (aircraft with passenger capacity in the range of 
91-120). The regression results for this aircraft type are shown in equation (3) and Table 2. 

MS= 1.33 - 1.44 F _EFF + 0.423 $/ECU + 0.684 Lag_CMA -0.0432 Region. (3) 

Predictor Coefficient Standard De\'iation t-ratio p 

130 1.3315 0.2299 5.19 0.000 
F EFF · -1.4430 0.2044 -7.06 0.000 
$/ECU 0.42257 0.08202 5.15 0.000 
Lag CMA 0.68388 0.05113 13.37 0.000 
Recion.. -.04318 0.03113 -1.39 0.168 

Table 3. Regression Results Swnmary, Aircraft Type 4 
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Toe model shown in equation (3) has an R2 
= 0.832, and R2

adj = 0.825. The model thus explains approximately 83% 
of the variation in the US market share of Type 4 aircraft over the period 1970-96. Furthennore, based on an 
associated residual analysis (not shown here for the sake of brevity) the model does not significantly violate any of 
the linear regression assumptions. In addition, no significant problems of collinearity are present between these 
three factors. 

Recall that the variable F _ EFF is a measure of the fuel efficiency of foreign Type 4 aircraft relative to US Type 4 
aircraft. The negative coefficient for this variable indicates~ as expected, as F _EFF increases (i.e., foreign Type 
4 aircraft increase their fuel efficiency relative to their US counterpart aircraft) the US market share decreases. The 
$/ECU and Lag_ CMA variables have positive coefficients, indicating that as these factors increase, respectively, the 
US market share exhibits a corresponding increase. These results are expected and consistent with accepted 
economic principles. The relative magnitudes of the coefficients are indicators Qf the impacts of these three factors, 
respectively, upon the US market share of Type 4 aircraft. Also noteworthy is that only World Region 4 exhibits a 
slightly different behavior from the other world regions. 

The market share predictor model developed for Type 4 aircraft represents a starting point for continuing work. 
Additional models are under development for each of the other aircraft. types. 

CONCLUSIONS 
This paper presents partial results of an ongoing development of predictive models for the US market share of 
commercial aircraft. Although their predictive power is of obvious interest, these models also highlight those 
factors potentially significant contributors to variation in the US market share. For example, the models developed 
to date indicate that autocorrelation, with a lag factor of one, is of significant importance in predicting market share 
in all markets and for all aircraft types. Tius highlights the fundamental importance of maintaining market share as 
·a short and long tenn strategic objective. Other predictor variables identified by the models differ according to the 
type of aircraft and region of the world For type 4 air~ as discussed in this paper, relative fuel efficiency and 
the dollar to ECU currency exchange ratio are found to be significant predictors of US market share~ with the 
relative fuel efficiency being the more important factor. The study will in the future classify and contrast significant 
factors on an aircraft type and world region basis. TI1is analysis may contribute to an understanding of the market 
differences present in the various industry segments. · 
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MANAGEMENT INFORMATION SYSTEM IN ELECTRIC POWER COMPANY OF MACEDONIA 

ABSTRACT 

Tatjana G. Buzarovska 

Electric Power Company of Macedonia 
11 Oktomvri 9, 91000 Skopje, Macedonia 
tel. +389 91 149056, fax +389 91 231106, 

e-mail: tanjab@mail.esmak.com.mk 

The analysis of the information system, with special emphasis on its linkage with the management, its role and 
degree of participation and representation in making various decisions (strategic, operative and tactic) have been 
elaborated in the paper. Also ,a review has been made showing to what extent the decision making-process in the 
Electric Power Company of Macedonia is based on the information management system. 

INTROD.UCTION 

To achieve success in the current world marketplace, top management must not ignore the contribution that 
information technology makes in accomplishment of corporate goals. Companies must be especially aware of the 
importance of Management Information Systems (MIS). MIS provide managers information needed to complete 
functions of planning organizing, staffing, directing and controlling. 

Electric Power Company of Macedonia [EPCM] is a public company for production, transmission, and distribution 
of electricity to all consumers in the state. The organizational structure of the enterprise, at present, is constituted of 
one central Headquarters in Skopje (organized in 6 departments) and 38 subsidiaries in almost all cities in 
Macedonia. , 

. EPCM as one of the largest companies in the country, has developed a complex information system to support and 
provide information for management decision making at all levels of management (from top executives to middle 
managers and supervisors) and other business operations. 

MANAGEMENT IN EPCM 

Management Decision process in EPCM is complex and as in a many companies it includes: Identifications of 
objectives, opportunities, conditions, · and problems, fact gathering, analysis of situations, definition of possible 
courses of action, evaluation of various alternatives and selection of a course of action [3]. 
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Managing in the company is conduct on three levels (Figure I): 

Top level management - concerned with longer-term strategic considerations, 
Miqdle management - concerned with short term planning and control, 
Operating management - concerned with day-to-day supervision of activities. 

Members of top management are General Manager and Managing Board, that consists of external and internal 
members appointed by Government of the Republic of Macedonia [2]. Their most important role is establishing the 
goals of company. They are typically responsible for interacting with representatives of the external environment, 
such as financial institutions, political figures, and important suppliers and customers. 
Middle-level managers (Managers of Departments and Managers of Units) are responsible for allocating resources 
to accomplish top management objectives. 
Operating managers (chiefs of divisions, groups and other first-line supervisors) are responsible for supervising day
to-day operations. 

Strategic Management 

Tactical Management Power 
Generation 

Operational Management 

General Manager, Managing Board i 
- - · __________ _________ __ _ ____ ___j 

Power Transmission 
and Distribution 

Development 
and Investment 

Finance 

Chiefs of Divisions and Groups 

Figure 1. EPCM Management 

Commerce Human 
Resources 

MIS IN ELECTRIC POWER COMPANY OF MACEDONIA 

IS and its subsystems in EPCM provide strategic, tactical and operational management to decide for major 
functional areas of business: Finance, Human Resources and Production/Operations Fig.2 (l]. 

Finance Human Resources Production 

-Accounting 
-Capital Budgeting 
-Cash Management 
-Financial Forecasting 

-Personnel Record Keeping 
-Employee Skills Inventory 
-Personnel Requirements 
Forecasting 

-Material Requirements 
-Process Control 
-Inventory Control 
-Energetic Equipment Maintenance 

-Budgeting System 

Figure 2. IS Subsystems 
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1. Financial information system 

Accounting information system is the oldest and most widely used information system in our company. It is 
composed of a series of software modules or subsystems used separately or integrated. -

Accounting system include: 

General ledger, 
Accounts receivable, 
Accounts payable, 
Fixed assets, · 
Inventory control, 
Sales order processing, 
Purchase order processing, 
Payroll. · 

As an operational financial information system, accounting system produces the routine, repetitive information 
outputs that every organizations finds necessary. 
The system produces a variety of reports and statements such as a general ledger trial balance, income statement, 
balance sheet, various income and expense reports, customer statements, schedule of accounts receivable, schedule 
of accounts payable, list of bills due, payroll summary reports, wage and tax statements and many other reports. 
Information supplied by accounting information system helps and assists management in tactical decision making 
and long-range strategic planning. 
Accounting information system as a vital category of financial information system help users to design many 

· tactical-level information systems as budgeting system, cash management system, capital budgeting system and 
financial forecasting. 
Tactical-level information systems allows managers to compare current budget amounts to other divisions, other 
departments, to those of prior fiscal periods, pennits managers to track actual revenues and expenses and compare 
these amo~nts to expected revenues and expenses. Also shows the organization's cash needs in different time 
periods and helps the managers to make decisions about investing, purchasing, and borrowing money. Managers get 
information about the planned acquisition or disposal of major plant assets during the current year and they may 
compare the various capital spending plans with three commonly used evaluation tools: · net present value, internal 
rate of return, and payback period. · 
Tactical-level information systems gives the managers increased control over the financial resources of a department 

. or an entire organization. 
Financial information system supports strategic management in forecasting and decision making for wage levels, 
price of electricity, interest rates, profit, expenditures, foreign and internal investments with one word forecasting 
and decisions for· financial health of organization. 
Top management may acquire a large part of the data from external sources to the organization. 

2. Human resourc.e information system 

Human resources information system or personnel evidence is very important part of the complex information 
system. Personnel evidence includes information about employees such as name, address, sex, marital status,· and 
employments history within the organization, education and training and other personnel data. Another part of 
personnel evidence is the employees skill inventory that contains information about every employee's work 
experience, work preferences, interests and special skills. 
Within the human resource management area, tactical decisions include recruitment decisions, job analysis and 
design decisions, and training and development decisions. 
Personnel evidence helps our managers to plan personnel needs development of employees to their full potential and 
control of all personnel policies and programs. It is very important because the human resources are the basic, most 
important component and largest operating expenditure in our company. 
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3. Production information system 

Production information system provides data necessary to plan, organize, monitor and control the production of 
electric energy, flow of goods and services, inventories, and maintenance of energetic eqipment. With production IS, 
needs of raw materials, component parts for production process, labor productivity, machine productivity are 
observed and production process is controlled. On the base of this information, managers make production plans, 
manpower plans, material requirements plans, maintenance plans, performance standards (tactical plans), and 
capacity planning, process alternatives, sourcing strategy and production forecasting. · 

CONCLUSION: 

In spite of the great expenses made for introduction and development of the IS, the managing team notice its role 
and importance for successful company working. Benefits of IS especially MIS, are recognized through 
improvement of business results, productivity, lower costs, development of new processes and strategic information 
base. 
Positive working effects also create a feeling for greater improvement of information system with all its 
components. 
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CULTURAL DIVERSITY AND THE DESIGN OF INTERNATIONAL USER INTERFACES 
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ABSTRACT 

Computer software products have become an international commodity and with the advent of the world wide web this trend 
will continue. However, it is often the case that little or no consideration is given to how software systems should be 
designed for an international community. In order to create effective interfaces for these systems, software developers must 
develop knowledge about the different cultures of the world and build that knowledge into their design [17]. 

INTRODUCTION 

Years ago, when American software was used outside of the U.S., the software products were so advanced and unique that 
international users were willing to learn and use interfaces built for the U.S. However, with the increasing levels of 
knowledge of technology world-wide, the abundance of software, the growing foreign markets, and the world wide web, 
many companies must now address the issue of cultures and internationalization when building software. For example, with 
the click of a button on the world wide web, a user can jump from one site to another continent and conduct business with 
hundreds of companies in various countries without ever leaving his or her house. This international exposure created by 
the web brings about new concerns for software design and international usability [11]. 

When addressing the internationalization of computer interfaces there are many issues to be explored. Beginning with the 
reaiization that the whole world does not use the same alphabet, it becomes necessary to redesign the size and location of 
dialog boxes. Calendars, currency, time, numbers, paper size, punctuation, and even color application. must be addressed. 
Icons must be sensitive to cultural usage so as not to offend. 

MULTINATIONAL WORLD 

Ethnocentrism refers to a tendency to view the rest of the world from our own little corner and . to project our perceptions 
onto the world at large [13]. What we see is not always what someone else sees or understands something to be. "Designers 
fail to . appreciate the range of population diversity and too often construct systems on the assumption that their users are 
much like themselves" [3]. International user-interface concerns, involve the following three levels, with each level 
increasing in complexity [11]: 

1. A software product must be capable of displaying the user's native language, character set, and notations 
(such as currency symbols). 

2. The user interface must be translated into the user's native language in a way that is understandable and 
usabie. 

3. A software product must match the user's cultural characteristics with regards to icons and the way in which 
business is conducted and the way people communicate in various countries. 

The adaptation of computer systems for internationalization first involves a process of stripping away all information 
sensitive to a particular country to prepare it for adaptation [2]. This becomes the global base design that will then utilize 
those things that are shared across cultures [4] . Nationalization is the process of converting products specific to one 
country, for use in another country. Going one step farther, localization or customization, becomes even more culturally 
specific, by adapting products to a particular target group within that culture [2,6]. 
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CULTURE 

Every culture has a way of expressing ideas, meanings and concepts. Regarding all nations as made up of one culture is to 
seriously oversimplify internationalization [6]. It is true that worldwide, we ·an share some similarities in the way we live. 
It is also true that, given the same problems to solve, each culture develops their own strategies for solution that come from 
knowledge defined by the parameters of their cultural background [ 13]. Within that context, how culture affects design 
becomes vital. When we discuss the concept of time in a culture, it should be understood that it refers not only to the hands 
of a clock, but to the cultural response as well. Patience may be a virtue to some but to others it's a waste of time. Learning 
how a culture relates to time involves more than being aware of the time zone. 

Design of cultural user interfaces involves many facets. Whenever there are new developments in any field, it is wise to look 
at the development community. Every group tends to project their own biases_ and preferences onto the work they are 
developing. In the field of user interface internationalization, it is critical that the development be looked at through a team 
approach. It is no longer practicable to leave design issues solely in the hands of a software engineer and ignore the 
implications of a wider cultural world. Design teams that include individuals from a wide variety of disciplines and that are 
more culturally representative are needed [3,7]. The "cultural" differences their training and work can provide in an 
interactive atmosphere can lead to fewer gaps between developers and end-users [7]. Systems design should focus on 
helping users achieve their goals [ 14]. 

DESIGN ISSUES 

A General Plan 

When designing software that can be used throughout the world, the following rules should be followed [ 4]: 

I. Know Your Users - a global design starts with an in-depth awareness of other cultures. 

2. Start with a Global "Base Design" -
once you are familiar with who your users are and what their culture is like, you 
are ready to begin your design. A global base design will include all of the core 
features that will be common to all versions. Only those things that are truly 
shared across all sites should be included in this base. 

3. Plan for Localization - the key to successful international products is often localization, which involves far 
more than simple translation. It involves both linguistic and cultural elements 
(stylistic variations, color schemes, symbols, typeface, etc.) 

4. Run Usability Studies - in order to make sure the design and localization are effective in the target locale. 

5. Testing Time - allow more time for testing than for similar tests in your own home culture and use 
knowledge from the target locale to help with this task. 

Specific Areas of Considerations 

Once a gen~ral set of procedures, like the one described above, are in place, specific attention can be given to those features 
of the interface that are of major concern, including text, graphics, keyboards, and formats. The following design 
specifications and guidelines should be used when building international software [18]. 

Text 

A major aspect of localizing an interface involves translating the text used by the software in its title bars, menus, messages, 
and other controls. In order to make localization easier, it is recommended that interface text is stored as a resource in an 
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application's resource file rather than including it in the source code. The following are some guidelines for handling text 
[18]: 

* Do not assume that a word always appears at the same location in a sentence, that word order is always 
the same, that sentences or words always have the same length, or that nouns, adjectives, and verbs 
al ways keep the same form. 

* 

* 

A void using vague words that can have several meanings in different contexts. 

Avoid jargon, acronyms, and abbreviations. 

* Use good grammar t<? ease translation 

* Remember that any text included directly in images and icons must also be translated. 

Graphics 

It is best to review the proposed graphics for international applicability early in your design. This can be a time consuming 
process since many images and icons will need to be translated. For example, a toolbar image that includes a magic wand to 
represent access to a wizard does not convey the same meaning in many European countries. In certain situations, some 
symbols can be offensive. For example, the open palm commonly used at crosswalks signals in the U.S. is offensive in 
some countries [ 18]. 

Keyboards 

International keyboards also differ from those used in the U.S. It is advised to avoid using punctuation character keys as 
shortcut keys because they are not always found on international keyboards. In addition, certain shortcut keys, such as 
CTRL+B _for bold, that make sense to users in the U.S. might not make any sense in a different language. The following 
shortcut keys should not be used [18]: @ $ { } [ ] \ - "' < > 

Formats · 

Differ~nt countries use substantially different formats for dates, time, money, measurements, and telephone numbers. These 
features need to be considered [18]: 

1. Addresses· -

2. Calendars -

3. Currency - . 

4. Date -

5. Layout-

6. Paper Size -

·7. Physical quantity -

8. Separators -

the order of the address and the postal code format 

the calendar used and the starting day of the week 

symbol and format (for example, trailing vs. preceding symbols) 

the order, separator, long or short formats, and leading zeros 

It is important to consider the alignment of text and symbols. In Hebrew and Arabic 
countries, for example, information is written right to left. 

U.S. vs. European paper and envelope sizes 

metric vs. English measurement system 

list, decimals, etc. 
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9. Telephone Numbers - different exchanges and separators for area codes 

10. Time - separator and cycle (12-hour vs. 24-hour), and leading zeros 

Additional Considerations · 

In addition to the above guidelines care should be given to the following [19): 

* Recognize that language can greatly effect the length of text 

* Be consistent in your terminology 

* Avoid acronyms, idiomatic expressions, words that have multiple meanings, and slang 

* Recognize that humor is very culture dependent, and typically does not translate well to other languages 

* A void making comparative statements that position your product against the competition. In some countries 
this is illegal. 

* A void pictures of sports equipment, utensils, national monuments, or any other symbols that might be 
unfamiliar to members of other countries. 

* Recognize that the meaning attached to symbols is very culture dependent. For example, an owl is interpreted 
as a symbol of wisdom and knowledge in the United States, but is associated with witchcraft and black 
magic in certain American cultures. 

* Be cautious with representations of animals, mythological symbols, national emblems, colors, hand gestures, 
and body language, which can be offensive to users in other countries. 

* Be culturally sensitive when choosing sounds for use in your programs. For example, a beep in the U.S. makes 
users feel differently than it.does in other countries. 

* Be aware of languages with various dialects. People are often insulted by the use of words that represent a 
"low status" dialect. 

* Different cultures have different values and notions of quality, normality, and acceptability which vary according 
to culture. 

* If you are not sure, check it out before you build it. 

USABILITY TESTING 

"Professional intuition" is neither a sufficient nor reliable method of producing an interface that is functional as well as 
appealing [15]. Spending time and energy to produce an international interface can be a waste of time if usability testing 
isn't done from the inception. Every step of the way, the user interface must be tested to see that it meets the cultural 
requirements for which it is intended. Nielsen's observation that the buttons mi ATM machines in Sweden are very large 
accentuates this point. Not until a winter visit to Sweden did Nielsen discover why. The buttons are very large to 
accommodate hands we'!ring very thick gloves [11]. Clearly, the requirement for a design to fit user needs was observed. 

There are four main ways to conduct international user testing [11]: 

1. Perform the actual tests in the foreign country 
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2. Perform the tests locally with an international testing team 

3. Hire a local consultant to run the tests for you 

4. Perform the tests remotely 

The first option is the most obvious, but also the most difficult to conduct in terms of time and money. As with most things, 
direct observation affords the opportunity to observe small, but often crucial details [11]. Direct observation also helps to 
analyze the step-by-step process the user follows to accomplish a task [1]. Administering the tests on-site can present some 
interesting challenges, especially if they are conducted in the native language. If you are not familiar with the language it is 
important to enlist the help of native users [ 4, 11]. The comment "it lost something in the translation" might be applicable in 
a situation where a native language user translates. However, it is not helpful to use a native language user if it is someone 
who has schooled in the United States and is accustomed to language patterns and cultural oddities of the English language. · 
This person would not be representative of the cultural user in that country [11]. 

The second option is to conduct usability tests locally using their personnel. A benefit of this testing is that it involves the 
users. This will help them to gain knowledge about the system, the process and the development [11]. In addition, it is 
useful to have the participation of direct users to give feedback and comment on the positive and negative aspects of the 
design for use in their country [l] . 

The third option is to use a consultant in the country for which you are designing the system [11] . A consultant understands 
the language, the use of the interface in their country, and may be helpful in giving feedback on the design in the personal as 
well as professional environment. 

The fou~th option is to do testing remotely via the World Wide Web. An on-screen prototype or mock-up could be run by 
the user and observed over the internet or through a network connection by the testing party. Communication could be 
established via audio link through the phone system or the internet [11]. This is perhaps the least effective testing method 
because of the inability to see what the user is doing and relying solely on verbal descriptions. 

The aim of usability testing is to involve real users doing real tasks without any outside help [11 ]. When tests are conducted 
it is paramount to reinforce with the translator, facilitator, consultant, or whoever runs the· test, that it is the ·user feedback 
that is the most important aspect. They should be instructed not to help users during the testing as it will invalidate findings 
that are crucial to designing understandable and usable interfaces [4,11] . 

The user's native language, character sets, and any other representations, marks or symbols must be appropriate to the 
culture for which it is targeted. Only by observing the way in which the application will be used can it be determined if it is 
a good design. If they don't make sense to the international user or there is confusion about any aspect of the design, it 
needs to be addressed in the early stages of development [4] . 

Only by extensively researching and ob~erving the different cultural attitudes, traditions, characteristics, and taboos can an 
effective design be set forth. It must take into consideration the way people do business in other cultures as well as the way 
people communicate. Usability testing can make the difference between a good product and a great one [4]. 

FUTURE IMPLICATIONS 

In the future many new, currently unexplored areas, will need to be examined. "New features in user interfaces, the use of 
sound, voice, animation, and virtual reality will tie into aspects ·of cultural behavior that are not currently explored by 
researchers [5]." New software mediums will have to work with the user, adapting to the user's habits. However, it is 
possible, that as more research is done on cultural differences, those differences will become smaller and smaller as the 
process. of internationalization links cultures through the shared usage of new technology. 
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ABSTRACT 

The past few years have seen the explosive growth of the Internet. Today, organizations rush to establish a 
presence on the World Wide Web. In all forms of advertisements, a WWW URL address has become as ubiquitous 
as the FAX number and the 1-800 toll-free telephone number. Oracles now predict that the future of business is 
electronic commerce (EC). However, in many of these predictions, EC is simply limited to marketing and selling 
products to customers. This paper provides a general definition of what is EC and outlines its significance to the 
future of many types of business activities. It then follows with descriptions of some of the current technologies 
that enable organizations to conduct all types of business activities electronically and some of the current issues 
associated with the use of EC. 
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ELECTRONIC COMMERCE IS MORE THAN MARKETING ON THE INTERNET 

INTRODUCTION 
What is electronic commerce? Electronic commerce (EC) activities seize technological advances and blend 

that technology with business operations to accomplish such things as increasing sales, marketing and advertising; 
increasing information available to customers; facilitating the customer ordering process; and providing post-sale 
service to customers. EC is important because it is changing the way business is conducted. To understand what 
EC is and how it is used, it is important to examine key business needs and determine how EC helps businesses 
meet its changing market demands. 

ELECTRONIC COMMERCE DEFINED 
EC is a business revolution. It is not simply automating processes that already exist; it is a different way of 

doing business. EC is the use of computer networks, telephone lines and/or satellite transmissions to improve 
organizational performance between at least two organizations. EC employs the latest technology to improve processes 
and create new ways of operating that enable a firm to provide faster, better and more service to its customers. 
Increasing profitability, gaining market share, improving customer service, and delivering products faster are some of 
the organizational perfonnance gains possible with EC. EC is more than ordering goods from an online catalog. It 
involves all aspects of an organization's electronic interactions with its internal and external stakeholders, the people 
who determine the future of the organization. Thus, EC includes activities such as establishing a Web page to support 
investor relations or communicating electronically with suppliers to replenish inventory (McKeown, p. 126). 

Embedding EC technology into the organization's functions requires firms to evaluate their processes and plan 
for, acquire, and implement the necessary hardware and software to support the firm's activities. The organization's 
business strategy must take the lead in defining the role of EC. Once the business strategy is defined, the organization 
can structure its EC activities to meet those goals. EC should be seen as an enabler, not as a means to itself. The power 
of EC lies not so much in technology alone, as in the integration and application of technology to achieve a better 
product or service for the customer, resulting in a better competitive position for the organization. 

ELECTRONIC COMMERCE IN THE GLOBAL MARKETPLACE 
Today's business environment demands that organizations respond to consumer needs quickly with quality 

products and services. Meeting these dynamic, rapidly changing demands is like trying to hit a moving target. The 
demands are constantly changing. Orgapizations that are on top of the changes have the best chance of continued 
survival. In his book Leading Change, John P. Kotter notes that, "[b]y any objective measure, the amount of significant, 
often traumatic, change in organizations has grown tremendously over the past two decades ... Powe~l macroeconomic 
forces are at work here, and these forces may grow even stronger over the next few decades. As a result, more and 
more organizations will be pushed to reduce costs, improve the quality of products and services, locate new 
opportunities for growth, and increase productivity" (Kotter, p. 3). EC activities provide the means for organizations 
to incorporate market demands into their products and services and continue to grow their organizations. Firms must 
be vigilant to prevent the loss of demand for their products and services·. In addition, firms must be in touch with their 
customers and anticipate changes in expected products and services in order to keep their products and services 
innovative. Fmally, organizations must keep their processes efficient not only to keep operating costs in check, but also 
to provide the product or service as quickly as the market demands. EC helps organizations meet these issues head-on 
and overcome them by getting information, products and services to and from the customer quickly. 

EC blends technology and business needs to create processes that support the firm's activities from marketing 
and advertising to service· after the sale. In addition, these EC processes allow information to be retrieved and 
disseminated quickly, enabling firms to respond promptly to changing market needs. EC activities provide the 
information needed for organizations to meet their markets' demands, keep their products and services innovative and 
relevant, while maintaining efficient operations. 

FORl'\IS OF ELECTRONIC COMMERCE 
EC enables an organization to service its customers quickly and efficiently. EC activities are designed to fit 

the needs of the customers and can be tailored to the types of demands the customers have. While EC activities have 
the same elements: organizations, customers, computer networks and telephone/satellite links, there is not one type of 
EC that can be installed everywhere it is needed. EC forms are tailored to meet the needs of the organization and its 
customers. 
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EC manifests itself in many ways. Categories of EC include inter-organizational intemets/extranets, electronic 
payments, electronic banking, and the World Wide Web. EC provides consumers of all types with information to help 
them help themselves to the products and services they need. Inter-organizational internets/extranets facilitate the 
electronic transfer of infoanation between organizations and customers that enable th<: .. firm to meet the customer needs 
at the customer's convenience. For example, Wal-Mart stores are electronically linked to their suppliers and submit 
orders over computer networks when inventory levels drop to the reorder points. 

Inter-organizational lnternets/Extranets 
Inter-organizational internets link isolated business functions such as marketing, materials management, 

purchasing, manufacturing, and distribution, and allow them to function in tandem. These links are not limited to 
individual companies, but stretch across all firms from supplier through to the customer. Inter-organizational links 
enable firms to transfer information to each other, automating processes such as replenishing inventory, invoicing for 
payment, and obtaining feedback from customers about products. In his book, Electronic Commerce A Manager's 
Guide, Kalakota explains that, from the inter-organizational perspective, EC facilitates the following· business 
applications: supplier management, inventory management, distribution management, channel management, and 
payment management. 

Supplier management involves electronic applications which help firms reduce the number of suppliers and 
facilitate business partnerships by reducing purchase order (PO) processing costs and cycle times, and by increasing 
the number of POs processed and using fewer people to complete the processing tasks (Kalakota, p. 18). 

Inventory management involves electronic applications that shorten the order-ship-bill cycle. If the majority 
of a business's partners are electronically linked, infonnation once sent by fax or mail can now be instantly transmitted. 
Businesses can also track their documents to ensure that they were received, thereby improving auditing capabilities. 
This also helps to reduce inventory levels, improve inventory turnovers, and eliminate out-of-stock occurrences 
(Kalakota, p. 18). 

Distribution management involves electronic applications which facilitate the transmission of shipping 
documents such as bills of lading, purchase orders, advanced ship notices, and manifest claims, and enable better 
resource management by ensuring that the documents themselves contain more accurate data (Kalakota, p. 18). 

Channel management involves electronic applications that quickly disseminate information about changing 
operational conditions to trading partners. Technical, product, and pricing information that once required repeated 
telephone calls and countless labor hours can now be posted to electronic bulletin boards. By electronically linking 
production-related infonnation with international distributor and reseller networks, companies can eliminate thousands 
of labor hours and ensure accurate information sharing (Kalakota, p. 18). 

Payment management involves electronic applications that link firms with suppliers and distributors so that 
payments can be sent and received electronically. Electronic payment reduces clerical error,- increases the speed at 
which firms compute invoices, and lowers transaction fees and costs (Kalakota, p. 19). 

An example of effective use of an inter-organizational internet is found in Wal-Mart stores. In the 198Q's, 
Wal-Mart invested half a billion dollars in computer and satellite communications networks, bar code systems, scanners, 
and other equipment linking each point-of-sale terminal to distribution centers and headquarters in Bentonville, 
Arkansas. This system enables Wal-Mart to manage the explosive retail sales gn;>wth that catapulted the company to 
the number one position in the U.S. retail business. The system enabled the company to maintain high service levels 
and incre~se sales, while reducing inventory costs by three-fourths. Further, Wal-Mart empowered individual stores 
to order-directly from even overseas suppliers (supplier, channel and distribution management), reducing inventory 
restocking time from an industry average of six weeks to thirty-six hours. Moreover, by tracking every sale through 
point-of-sales devices, Wal-Mart stores were better able to keep their stores well-stocked, while maintaining tight 
inventories and low prices (inventory management) (Kalakota, p. 19). 

Inter-organizational intemets streamline processes and quickly send information via computer networks exactly 
where it needs to go. These· internets are an increasingly attractive alternative to the current process of printing, 
mailing, and rekeying, which is costly, time-consuming, and error-prone. 

Electronic Payment Systems 
Another form of EC is electronic payment systems. Electronic payment is a financial exchange that takes place 

online between buyers and sellers. The content of the exchange is usually some form of digital financial instrument 
(such as encrypted credit card numbers, electronic checks or digital cash) that is backed by a bank or an intermediary, 
or by legal tender. Three factors are stimulating interest among financial institutions in electronic payments: decreasing 
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technology costs, reduced operational and processing costs, and increasing online commerce. These factors focus on 
decreasing operations costs while expanding business, which enhance the bank's bottom line. 

Another type of electronic payment system is the electronic funds transfer (EFf). EFf systems have shortened 
the time of payment instruction transfer between banks, and in the process, have reduced float time. However, EFf 
systems have not changed the fundamental structure of the payment system. Many of the so-called payment innovations 
over the past two decades have been aimed at minimizing banking costs such as reserve requirements, speeding up 
check clearing and minimizing fraud. Recent innovations in EC aim to affect the way consumers deal with payments 
and appear to be in the direction of a real.:time electronic transmission, clearing, and settlement system (Kalakota, p. 
155). 
Electronic Banking 

Think of banking before A TMs. If a person wanted to conduct a transaction with his bank, he had no choice 
but to go to the bank and make an inquiry, deposit or withdrawal. Since the advent of EC activities in b~ng, 
customers can conduct their banking transactions at A TM machines, over the phone through automated response units 
or even by dialing in on their computers to make transactions. This automation benefits the bank by reducing labor and 
operational costs and it benefits the customer by bringing the bank into the person's home or neighborhood. In addition, 
automation provides 24-hour access to information and transactions. The customer is no longer limited by bank 
operating bours. 

EC is changing the way banks operate. Many banks now offer their customers online banking services via the 
home computer. Pushed by growing consumer demand and the fear of losing market share, banks are investing heavily 
in home banking technology. Collaborating with hardware, software, telecommunications, and other companies, banks 
are introducing new ways for consumers to access their account balances, transfer funds, pay bills, and buy goods and 
services without using cash, mailing a check, or leaving home. The four major . categories of home banking are 
proprietary bank dial-up services, off-the-shelf home finance software, online services-based banking, and World Wide 
Web-based banking (Kalakota, p. 189). 

A proprietary bank dial-up service is a home banking service, in combination with a PC and modem, that lets 
the bank become an electronic gateway to customers' accounts, enabling them to transfer funds or pay bills directly to 
creditors' accounts. 

Off-the-shelf home finance software is a key player in cementing relationships between current customers and 
helping banks gain new customers. Examples of this type of software include Microsoft Money, Intuit' s Quicken, and 
Bank of American's MCA applications. This software market is attracting interest from banks as it has steady revenue · 
streams by way of upgrades and the sale of related products and services. If a bank can produce and sell online banking 
software to its .customers, it not only saves the bank operations costs by having the customer perform transactions, but 
the bank also receives additional revenue from the sale of the banking software. 

THE WORLD WIDE WEB 
Of all the EC forms, the World Wide Web may have the most potential for growth. The Web is the one 

medium that all organizations and consumers can connect to and it is relatively inexpensive to use. Increasing numbers 
of consumers and organizations have Web access, and companies of all sizes and types are searching for ways to get 
their products and services into the homes and offices of Web users. In 1992, there were an estimated 1,800 companies 
established on the Web. By the end of 1994, more than two million companies had Web sites 
(http://www.webknx.com). Businesses and people from every part of the world are becoming part of the World Wide 
Web. The number of home pages (information on Web sites) more than double every two months. There are over 50 
million people connected to the Internet, with that number growing every day (http://www.webknx.com). Business 
Week recently reported, "Today, the Internet is becoming a hot-bed of advertising and commercial activity ... " 
(http://www.industry.net). 

· EC on the Web includes online marketing, advertising, selling and customer service initiatives. Firms use the 
Web to communicate with customers and suppliers by publishing information on their Web sites for immediate access 
and widespread distribution. In addition, many firms are taking steps to sell their products on the Web. Business 
transactions completed on the Internet were estimated at $500 million in 1995 and projected at $1 billion for 1996. 
While this growth is significant, the projected figure for 1996 represents only 1 % of all retail sales in the U.S. Experts 
estimate that Web retailing will grow to $165 billion by the year 2000 (Miers, p. 2). 

There are many examples of EC ·in a wide range of industry sectors and a wide range of application areas. 
Samples of these sites illustrate the nature of current activity. Examples include retail outlet Virtual Vineyards and 
engineering concern Global Engineering Network. 
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Virtual Vineyards (http://www.virtualvin.com) exists ·only on the Web. It offers wines and gourmet foods, 
providing an outlet for a number of small California wine producers. There is detailed online information on the various 
wines and foods, and also an online query service using e-mail. Customers can order and pay using either credit cards 
or electronic cash. Customer orders are transferred electronically from Virtual Vineyards' San Jose office to their Napa 
Valley warehouse along with instructions for printing the shipping label and any enclosures (such as tasting notes). The 
goods are shipped by Federal Express. Customers can track the progress of the delivery online by accessing the Federal 
Express site (http://www.fedex.com). 

The Global Engineering Network, GEN, (http://www.gen.net) is coordinated by Siemens Nixdorf and has 
participants from many European countries. GEN is a "marketplace for engineering knowledge," bringing together the 
suppliers of components and sub-assemblies and those who might incorporate those components or assemblies into their 
own new products. The suppliers enter detailed technical information (perhaps including 3D CAD drawings) into the 
GEN network. Potential customers can then search the supplier information looking for the "best fit" components or 
assemblies, and can experiment with incorporating those components or assemblies into the early stages of their own 
product design. 

The Web is also changing and reshaping industries whose core businesses are information transfer between 
the finn and the consumer._ Industries that engage in information transfer with customers include banking and financial 
services, retailing, and electronic publishing and edutainment. Edutainment is "a .combination of entertainment, 
education, and games-combines interactive learning products with an entertaining format" (Kalakota, p. 264). Within 
these industries, the Web is used for attracting new customers via marketing and advertising, serving existing customers 
via customer service and support function, developing new markets and distribution channels for existing products, and 
developing new information-based products. The Web has grown incredibly in this decade with increasing numbers 
of individuals and organizations having Web access. The growth in the World Wide Web has raised concerns among 
individuals and organizations regarding property protection, transaction security, and privacy. 

Security 
Web growth has not come without problems. Many organizations are coping with increased levels of 

information by shifting much of their routine data processing and business transactions to automated, electronic 
information systems. Security is an eternal concern for organizations as they face the dual problem of protecting stored 
data and transported messages. In Metamomhosis A Guide to the World Wide Web and Electronic Commerce, 
Mc'Keown notes that organizations have always had sensitive data to which they want to limit access to a few authorized 
people. Historically, such data have been stored in restricted areas or encoded. Th~se methods of restricting access 
and encoding are still appropriate. 

EC poses additional security problems. First, the intent of the Internet is to give people remote access to 
information. The system is inherently open, and traditional approaches of restricting access by the use of physical 
barrie·rs are less viable, though organizations still need to restrict physical access to their servers. Second, because EC 
is based on computers and networks, these same technologies can be used to attack security systems. Hackers can use 
computers to intercept network traffic and scan it for confidential information. _ They can use computers to run repeated 
attacks oil a system to break its security for example, trying all words in the dictionary for an account's password 
(McKeown, p. 140). 

· One method of safeguarding information passed through computer networks is through encrypting transactions. 
Encrypting transactions means that the sensitive information is coded and submitted from the consumer to the firm. 
Encryption. software is readily available through a number of software companies. The encryption should prevent the 
data from being read and used by unscrupulous hackers. Despite advances in encryption software, consumers remain 
wary of providing sensitive information over the Web. 

Property Rights 
· Simson L. Garfinkel discusses another security problem which he identifies as "Electronic Border-Control" 

(http://www.hotwired.com). Garfinkel speculates on the defense mechanisms organizations will implement to protect 
themselves from trademark infringements and other security issues. Although the Web is a free access system, 
Garfinkel believes that security devices will be added to firms' firewalls and programs to protect them from copyright 
infringements and other illegal activities. Garfinkel states that because global treaties regarding copyright and 
trademark violations are not globally uniformly enforced, firms will take their protection into their owns hands. To 
protect themselves, firms may arrange for packets from rogue Web sites to be automatically blocked. While this may 
not prevent all illegal activities, Garfinkel believes that firms·would be satisfied with blocking that eliminates half of 
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intellectual property violations. 
To illustrate his point, Garfinkel likens Internet security to home protection. He states that people living in 

an area with potential for crime put stron·g locks on their doors, and may even have a house alarm or bars on their 
windows. · All these security devices are designed to keep unwanted troublemakers out and the occupants safe. In the 
same way, Internet users will need to protect themselves from unsavory elements in the global village. These unseen 
intruders have the potential to steal and disappear. 

To pro.mote private sector attention to these Internet issues,- the Clinton Administration has drafted a 
framework that supports the legitimate, bu.siness use of the Web, including universal access and protection of privacy 
and property. 

U.S. GOVERNMENT SUPPORT FOR GROWTH OF THE INTERNET AND EC 
The U.S. government has acknowledged the importance of EC and.has developed a strategy for fostering 

increased business and consumer confidence in the use of electronic networks for commerce. The "Framework for 
Global Electronic Commerce" (http://www.whitehouse.gov) presents four principles to guide government support for 
the evolution of EC. In addition, the Framework makes recommendations about nine key areas where international 
efforts are needed to preserve the Internet as a non-regulatory medium, one in which competition and consumer choice 
will shape .the marketplace. 

Four Principles 
• Private sector should lead the development of electronic commerce 
• Governments should avoid undue restrictions on electronic commerce 
• Governments should support simple legal environment for electronic commerce 
• Electronic commerce should be global in scope 

The framework's principles begin with the idea that the private sector should lead.EC development. The 
Internet should develop as a market driven arena, not a regulated industry. Even where collective action is necessary, 
governments should encourage industry self-regulation and private sector leadership where possible. Innovation, 
expanded services, broader participation, and lower prices will arise in a market-driven arena, not in an environment 
that operates as a regulated industry. 

To provide growth, governments should avoid undue restrictions on EC. In general, parties should be able to 
enter into legitimate agreements to buy and sell products and services across the Internet with minimal government 
involvement or intervention. Governments should refrain from imposing new and unnecessary regulations, bureaucratic 
procedures or new taxes and tariffs on commercial activities that take place via the Internet. 

Where governmental involvement is needed, its aim should be to support and enforce a predictable, minimalist, 
consistent and simple legal environment for commerce. Where government intervention is necessary, its role should 
be to ensure competition, protect intellectual property and privacy, prevent fraud, foster transparency, and facilitate 
dispute resolution, not to regulate. In addition, governments should recognize the unique qualities of the Internet. The 
genius and explosive success of the Internet can be attributed in part to its decentralized nature and to its tradition of 
bottom-up governance. Accordingly, the regulatory frameworks established over the past 60 years for 
telecommunication, radio and television may not fit the Internet. Existing laws and regulations that may hinder EC 
should be reviewed and revised or eliminated to reflect the needs of the new electronic age. 

Finally, EC on the Internet should be facilitated on a global basis. The Internet is a global marketplace. The 
legal framework supporting commercial transactions should be consistent and predictable regardless of the jurisdiction 
in which a particular buyer and seller reside. 

In addition to the four principles, the Clinton Administration made nine recommendations regarding EC 
growth. 

Nine EC Recommendations 
• Internet should be a tariff-free environment, with no new taxes on internet commerce. 
• Electronic payment regulations should be flexible and adaptable to changing business needs. 
• Uniform Commercial Code for Electronic Commerce should be created. 
• Intellectual property should be protected with clear and effective copyright, patent, and trademark 

regulations. 
• Privacy of consumers should be protected by having data gatherers tell consumers what information they are 
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collecting and how they intend to use it. 
• Security should be provided to ensure communications and data are safe from interception and modification. 
• Barriers to competition, customer choice, lower prices and improved services should be removed. 
• Industry should self-regulate content to block content inappropriate for children. 
• Market should determine technical standards and other mechanisms for interoperability. 

The private sector response the Administration's framework has been positive. According to Harris Miller, 
President of the Information Technology Association of America (ITM) [http://www.commerce.net], "[t]he framework 
sets the cornerstone for building a vibrant EC marketplace. The most critical next-step for the Clinton Administration 
is to put its important words into substantive actions. All international eyes will be on the United States to implement 
the sound policies outlined in this Framework, which we believe marks an excellent start towards formation of the new 
global economy." Miller, along with Randall Whiting, President and CEO if CommerceNet, pledged support of the 
Framework and announced an unprecedented partnership between the two organizations, private industry and the 
government to focus on real business issues and actions to aggressively move the Framework f9rward. These 
organizations are working with the U.S. government to protect business and consumer Internet interests and ensure that . 
the Internet is a safe and .effective market in which consumers throughout the world can conduct their business. 

CONCLUSION 
EC is a new way of doing business. It is more than automating paper processes; it is more than the World 

Wide Web. EC is electronically marketing, advertising, selling, and servicing customer information requests over 
computer, telephone and satellite technologies. By examining what EC is, the forms it takes, and the issues facing its 
use, organizations can crea~e their own EC activities to enable efficient business operations. Through the use of EC, 
firms can meet their changing market demands and remain competitive in the global marketplace. 
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Today's conventional database systems excel in the storage and manipulation of well-defined and unambiguous 
data we find in our everyday lives. The storage and subsequent retrieval of such values is a trivial task for such 
systems. However, most real world applications must deal with data that is often vague, uncertain, or imprecise. In 
this paper, we examine how fuzzy reasoning can be incorporated into database systems to accommodate vague and 
imprecise data. Also, we will examine fuzzy database systems that are intended for or may be easily extended to 
industrial applications. 

INTRODUCTION 

Like many other aspect of business, industrial systems have recently experienced a dramatic increase in the amount 
of data being generated. This effect has been lalx;led, "data explosion". This is due in part to the increased 
complexity of modem industrial systems and expanded data acquisition. Many times, especially in time critical 
situations, it is more desirable and feasible to quickly obtain a good, approximate answer than a more time
consuming exact answer. In this situation, fuz_zy systems tend to excel. 

The goal of $is paper is to illustrate the need in industrial applications for a method to better control the "data 
explosion". Also, to provide insight into how research and commercial database systems could be applied in this 
area. 

This paper is arranged as follows: First, a brief introduction to fuzzy set theory and fuzzy logic is given. Second, 
methods of incorporating fuzzy capabilities in databases are examined. Last, a discussion of current work on fuzzy 
database systems is given. 

FUZZY LOGIC CONCEPTS 

Classical set theory allows us to define clear, crisp boundaries for set membership. The set of real numbers> 120 
can be defined as follows: 

A= { x Ix> 120 }. (Equation 1.0) 

This establishes a clear, distinct boundary at the number 120. Real numbers above 120 gain set membership and 
numbers 120 and below do not. Contrary to the previous example, fuzzy sets allow the boundaries to be less precise 
and the transition more gradual. Given a Universe of Discourse, or range of values, X, a fuzzy set A can be 
characterized by the Membership Function(MF): µA, The MF µA maps each element a E A to a degree of 

membership µA where µA E [0,1] in the fuzzy set A. 
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Linguistic variables are variables whose values are not numeric but rather natural language words or phrases. 
Consider the following, take a fuzzy set A of variable-speed electric motors having the range of possible speeds in 
RPM, or Universe of Discourse, of the interval [0,200]. The linguistic variable MotorSpeed is decomposed into a 
set of terms, denoted by V, such that V(MotorSpeed) = {Slow, Normal, Fast}.~The membership functions in Figure 
1.0 define the meaning each of the linguistic terms in V(MotorSpeed). Using Figure 1.0, the speed of a motor M2, 
the speed of M2 maps to the membership function describing the linguistic term Fast. Therefore, the fuzzy 
proposition "M2 is fast" can be formed and a meaning derived. 

Figure 1.0-Membership functions of the linguistic variableMotorSpeed. 

Membenhip Flmctions 

IJslow = Trapezoil(_0,0,40,70) 

J..lNormal = Trapezoi:1(50,65,115,140) 

= Trapezoi:l(l 10,150,200,200) 

0 

0 50 70 110 140 
Motor RPM 

The use of linguistic hedges, or modifiers, provides a means by which the mempership functions of a fuzzy set can 
be concentrated or dilated. Examples of modifiers are very, not very, extremely, and somewhat. For instance, the 
linguistic term very fast would intensify the fast membership function and reduce the degree of membership of 
motors with lesser degrees of membership in the fast membership function. 

INCORPORATING FUZZY LOGIC INTO DATABASES 

Fuzzy reasoning may be incorporated into databases in several ways. For example, they may be incorporated as 
part of the database model, as a front end to a non-fuzzy database, or as fuzzy relational systems. The goal of each 
is similar, that is to provide a method of handling vague and uncertain data values. · 

Fuzzy object-oriented database management systems (fOODMS), incorporate fuzzy reasoning directly into the 
underlying object framework. Elements of the fuzzy sets are implemented by creating or deriving base classes and 
class relationships, which serve to define fuzzy attributes. These fuzzy attributes and relationships are then 
inherited by subclasses designed to model the end object. Queries on objects fuzzy attributes are subjected to the 
membership functions of the linguistic terms supplied in the query and a result set returned containing those 
objects whose degrees of membership were above a defined restriction point, or cx.-level-cut. 

Fuzzy Front ends to relational systems, work to extend the capabilities already found in existing with fuzzy 
reasoning, · and therefore providing an easier, more humanistic way of using the system. An excellent example of 
this type system is the FQUERY for Access. · 
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FUZZY LOGIC IN CONVENTIONAL RELATIONAL DATABASES 

In this section we consider a conventional relational database. The values stored in the database are crisp values 
and therefore the relational model still holds. However, in order to make requests more "human consistent", we 
will allow queries to involve fuzzy concepts such as tall, rather hot, very old, slightly higher than, almost all ... 

Simple fuzzy query 
A basic example of a fuzzy query is "Select all employees who are tall". This query is based on a single condition 
and is sometimes called "atomic selection". Due to the word "tall'', we cannot reasonably put a crisp threshold 
between tall and not tall. Instead, the user can define the membership function to be used when determining the 
truth of falsity or the assertion "is tall''. 

For example, the user can define the following membership function: 

µtall :R+ ➔[0,1] µtau(x) = 0 if height(x) < 5 feet, 
(height(x) - 5)/2 if 5 feet <= height(x) <= 7 feet, 
1 if height(x) > 7 feet 

Let us assume we have the records below in the database. In order to select the records matching to the query 
"select the employees who are tall", we need to compute, for each record the degree of truth of the assertion by 
applying the membership function to the value of the attribute "tall" in each record. We get the following results: 

Name Height Name De2ree of Membership 
Bob 6' 3" Bob 0.62 
David 5' 7" David ·0.29 
Mary 4' 9" Mary 0.00 a 

Jim 7' 1" Jim 1.00 

Threshold 
At this point the query returns all the records in the database. The next step is thus for user to provide a threshold 
for selecting the records. The threshold enables the user to have control on how strictly the condition must be 
satisfied. 

Ifwe set the threshold at 0.2 to weed out the very low degrees of membership, the query returns the records of Jim, 
Bob and David. If we set it to 0.9, only Jim is selected. The degree of membership provides a natural ordering of 
that we can use to display, first, the best matching records. 
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Implementation in the database 
The user of the database needs to define the fuzzy concepts used in the database by defining a membership function 

, for each fuzzy .term. A membership function could be declared at different levels: 
• Database Level: The membership function is valid for all attributes of all tables in the database (unless 

overridden by a function of the same kind at a lower level). 
• Table Level: Sometimes a given term might necessitate a different membership function depending upon 

the context. For instance, the notion of tall will have a different meaning in the tables "Employee" and 
"Building". 

• Attribute Level: If 2 attributes of a given table need to have a membership function of the same name, 
these functions can be defined at the attribute level. For instance, in the table "Employee", we might have 
a definition of the function "high" for the salary attribute and another for the performance attribute. 

Notes: 

I. Several membership functions 
can be defined for a given 
attribute (for example: tall, 
medium, short, for the 
attribute height. 

2. The definition of membership 

Tall Medium Short 

functions is so subjective that some projects might even require different functions for different users. We do 
not, however, consider this option in our model. 

3. The membership function used above was very simple (linear). One could define any function (by dragging a 
curve for instance) to be used as a membership function. The only possible problem will be degraded 
performance of the system, as the function becomes complicated. Nonetheless, by approximating the curve by 
a piecewise linear curve, the computation remains fairly simple. 

Two-dimensional membership functions 
In some cases, the membership function needs to be based on 2 (or more) attributes. For example, the function µtan 
could use height and age as parameters ("He is tall for his age"). We then have a two dimensional function. 

HEDGES 

Hedges are modifiers of fuzzy values. The operations are provided in an effort to provide close ties to natural 
languages. "Very", "rather", "more or less", ... are common modifiers. Like membership functions, the definition 
of hedges are very subjective and will vary from one database, table, attribute (or even user) to another. Therefore, 
we have to consider the definition of hedges at different levels (see above). 

Typically, "very" is represented by the function/(x) = x2 or f(x) = (x - 0.1;2 for x > 0.1 andf(x) = x2 for x <= 0.1; 
whereas f(x) = sqrt(x) usually represents "more or less", "rather", "somewhat"... These would be default functions 
unless another function has been defined at a lower level. 

For example, J,.lold (Bob)= 0.8 then µvery old (Bob)= 0.64 and J.lratherold (Bob)= 0.89 

The computation of the query is now straightforward. For each record, the membership function is applied to the 
corresponding attribute. Next, the modifier is applied, resulting in new degree of membership. The records can 
then be sorted by degree of membership and a threshold can be applied. 
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Using the same example, the function (x - 0. 1/ for the hedge "very", the query "Select all employees who are very 
tall" will return: 

Name De_2ree of Membership 
Bob 0.27 
David 0.03 
Marv 0.00 
Jim 0.89 

FUZZY RELATIONS 

Fuzzy relations enable the user to perform queries with statements such as "inside temperature ABOUT EQUAL to 
outside temperature" or "amount in stock MUCH GREATER 1HAN amount on order". The definition of a fuzzy 
relation is similar to that of a fuzzy value but its universe of discourse has two dimensions. The membership 
functions can, therefore, be defined as a function of 2 parameters: µ(x,y): [a,b]2 ➔ [0,1)2

. The degree to which the 
values x and y of 2 attributes Al and A2 fulfill "Al R A2" (where R is a fuzzy relation) is given by the 
membership degree of IY-xl into the fuzzy set representing R (after scaling). A matrix can also represent the fuzzy 
relation. For instance, the likeness relation can be represented by a matrix whose elements are µ(x,y) = 1- (lx-yl/lb
al) where a and bare the lower an upper bounds respectively. With this definition, we see that this function reaches 
its maximum (1) when x=y and its minimum (0) when x and y are at the extreme limits of the domain, which is 
intuitively satisfying. We can define similar functions for relations such as MUCH GREATER THAN, SLIGHTLY 
LESSS 1HAN, ... 

Combining Criteria 
Up to this point, our discussion was limited to a single condition. In most cases, however, we want to be able to 
combine conditions with conjunction and disjunction operators (AND and OR respectively) to create a compound 
condition out of several atomic conditions. The negation operator (NOT) will also be used. For example, a 
compound query could be "Select all employees who are (tall and heavy) or old". We use the traditional fuzzy 
equivalents for these Boolean operators: 

• C = A AND B where J.lc(X) = MIN(µA(x), µ8(x)) for all x in U. 
• C = A ORB where J.lc(X) = MAX(µA(x), µa(x)) for all x in U. 
• A = NOT B where µA(x) = 1 - µ8(x) for x in U. 

Example: The query "Select all employees that are (tall and heavy) or old" could be performed by computing the 
following expression for each record: 

µ = MAX(MIN(J.ltau{Bob), ~vy(Bob)), ~1d(Bob)) 
and subjecting this value to the threshold. 

COMMERCIAL FUZZY DATABASE PROJECTS 

To date, much research has been done to incorporate ways to handle fuzzy data in database systems, but only 
recently has significant work appeared to apply these systems to commercial applications. In this paper, we 
examine several such systems; one object-oriented, one active relational being developed for commercial 
deployment and one was -developed as a proof of concept prototype. The latter two systems are somewhat 
significant in that they incorporate fuzziness into relational database triggers, rather.than the data or query engine. 

Thinkbase 
Thinkbase is being developed as a commercial product by Finance in Science. Thinkbase, based on an object 
oriented-database, utilizes predefined and user-defined objects. Users utilize a GUI interface to constructs sets of 
fuzzy rules, which are applied to object relationships. As of December 1997, Thinkbase is not yet in commercial 
release, though it is currently being evaluated for use in a several applications. One application is a system to 
analyze the spectra of a bacterium and -relate it if possible to known groups of bacteria based on their various 
chemical compositions. Also, Thinkbase is being used in a financial trading system to discover efficient trading 
strategies base on available data. · 
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Though, neither of the previously mentioned applications are directly related to industrial systems, the object
oriented design of Thinkbase should allow it to be extended in various, unforeseen manners, including industrial 
settings. 

Tempo 
The Tempo project was based on research conducted at VIT Information Systems group in Espoo, Finland. The 
project was motivated by the need to control the vast amount of measurement data created by a paper machine 
drive control system. The goal was to transform control room information in a way that the operators could make 
rational decisions from useful information provided in a timely manner . . 

Basing their work on the active database platform RapidBase, a previous project at VIT, the Tempo project team 
extended the database server platform by introducing the concept of C-fuzzy (Condition-fuzzy ECA) triggers. In 
this trigger model, based on the ECA (Event-Conditional-Action), fuzzy logic rules are used ii) the Boolean 
evaluation of the trigger conditional. If-then statements form the fuzzy logic rules. The if part being the antecedent, 
and the then part being the· consequent. A series of if-then rules, a rule set, are grouped together to form a rule set 
function. The rules set functions are used to derive a Boolean value for the trigger condition. The C-fuzzy triggers 
model is used in Tempo. Other extensions to the SQL3 specification allow users to create linguistic terms and their 
corresponding member functions. Thus, users are able to define the triggers in a more abstract manner. For 
example, given the user has defined the linguistic variables for temperature, motor speed and alarm levels, then the 
user can define a Tempo ControlAlarm rule set as follows [BKP\\197]: 

CREA TE RULE SET ControlAlarm (temperature Temperature, speed Speed) 
Severity DEFAULT a_none( 

IF temperature IS normal AND speed IS high THEN a_low, 
IF temperature IS high AND speed IS very_high THEN a_high, .. . ) 

The trigger definition specifies the rules sets to apply and the rule set function returns a defuzzified value, in order 
to activate the trigger and perform the designated action. Clearly, this level of abstraction provides a more user-
friendly method by which alarm points can be specified. -

The Tempo prototype makes significant progress in transforming and reducing the amount of information 
· delivered to operators by typical industrial control systems, to a more valuable and manageable amount. As further 

monitoring occurs, undoubtedly this type system will prove very valuable. 

Sense 
Currently under way at VIT, is the Sense project. This project will build on the experience and results gained in 
the Tempo project with the intention of producing a commercial strength front-end database with what VIT is 
calls intelligent event notifiers. The Sense project is scheduled to last through 1999. As of this writing, the Sense · 
team has completed the requirements analysis, design of the new data and trigger models, and are currently in the 
process of implementing the data model and trigger system using the RapidBase software as a base. 

CONCLUSION 

As the trend of industrial system complexity and the rate of data acquisition continue to rise, it will become 
increasingly important to address this "data explosion". Fuzzy systems may be an answer. Fuzzy database systems 
have been slow to appear in industrial applications, though the very complex nature and the increased monitoring 
of typical industrial systems make them good candidates. However, systems such as those identified, are producing 
encouraging results. 

In this paper, we identified the problems faced by industry as the amount of information generated by control 
systems increases. We illustrated how databases may incorporate fuzzy set theory to allow for the processing of 
imprecise and uncertain data. We, also, examined examples of projects that incorporate fuzziness in relational and 
object-oriented database systems. 
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COMPARATIVE FACTOR ANALYSIS 
OF JAPAN AND NORTH AMERICA AUTOMOTIVE INDUSTRIES 

ABSTRACT 

An ~pproach is suggested that allows to discover principal factors of 

competitive dynamics of automotive industries of Japan and · North 

America, considered as complicated aim-aided objects, using only 

generalized expert estimations of their principal strategic dimensions. 

Numerical example is revealed. 

1. INTRODUCTION 

Automotive industries of North America and Japan represent complicated objects that can hardly be 

described with the help of detailed models. At the same time, their leading position in the world 

automotive industry makes the problem of comparative analysis extremely actual. In this paper we try 

to solve this problem using only generalized expert estimations of principal strategic dimensions. 

Our objective is to examine and analyze changes in the competitive dynamics of the US and 

Japanese automotive industries. To achieve it, we use eight strategic dimensions that constitute the 

competitive structure of the automotive industry. 

Sum of scores given to each dimension serves as a criterion of competitiveness. We analyzed the 

change in ratio of sum of scores during a period of analysis, using a special method of the Index 

Number Theory, developed in Vaninsky(l984). Contribution of each of the dimensions to the change 

of the ratio allows to discover, which of them proved to be the most important in the change of 

c·ompetitiveness in the period. 

Obtained results allow to make corrections in the program of strategic development of each 

automotive industry aimed to make it more competitive. 

2. MATERIALS AND METHOD 

Eight strategic dimensions were used in our research. They are as follows: Pd- Productivity, Cs -

Cost, DC - Development Cycle, QD - Quality Defects, Pr - Price, Sf - Safety, FE - Fuel Efficiency, St -

Styling. Each of them was given a expert score, from O to 10, corresponding to competitive ability of 

each dimension in a given year. Sum of scores were compared to determine, which of the two 

industries was more competitive in a given year, and the ratio of sum of scores was subject to factor 

decomposition to reveal dominating factors. 

Ratio of total scores of USA to Japan may be expressed as follows: 
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n 

TotalusA z 
Total Japan 

L Scorei.usA 
i•l 
n 

L Score i,Japan 
i•l 

{l/ n):t(Scorei.usA J(Scorei.JapanJ i(Scorei.usA) 
i•l Scorei,Japan Total Japan Total USA 

where n is number of strategic dimensions, Score and Total are the points corresponding to ith 

dimension and there total, correspondingly. Index I is referred _to below as aggregated competitiveness 

index. 

Denote: 

Scorei.usA Scorei.usA 
T -----, d-usA =-----, d.J 

l Score• t. Total I, apan 
1,Japan USA 

Score i.Japan. 

Total Japan ' 

then the previous expression may be rewritten in a form: 

n 

Z = LTidi,Japan/di,USA 
i-1 

Terms of this formula have the following sense: Ti - partial index of ith dimension, d; - share of ith 

dimension in Total of corresponding industry. This formula represents a problem of factor 

decomposition, well known in the Index Number Theory, with extension that of d-type are interrelated 

with equations: 

n n 

L diJapan =l, L di.USA =l. 
i"'I i"'l 

The presence of these equations leads to the necessity of using the special method of index analysis. 

The ~eneral result obtained in Vaninsky( 1984) for deterministic factor decomposition for the increase 

of an aggregated index reads that the factor decomposition of the index defined as 

with factors subject to constrains: 

is given with formula: 

~XI <I>, L] = f fxT (X)(E- <I> x <I>; )diag( dX) 
L 

where ~[ XI <I> , L]) is a vector with ith coordinate corresponding to the contribution of a factor X; , 

L stands for a curve of factors' dynamics, diag(dX) is a diagonal matrix with elements dX1, dX:?,··•,<lXn, 

symbol 'T'.denotes transposition,"+" stands for general inversion of a matrix, see Albert (1972) for 

For application of this formula to our probl_em denote for i= l , ... n: Ti= X;, d;;apan = X;+n, d;,usA = X;.:!n, 

where n=8 is a number of strategic dimensions. Doing so we obtain: 
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n 

z = f (X)= L xi xi+n /Xi+2n' 
i•l 

n n 

<DI (X)=L xi+n -1=0, <I>2 (X)=L xi+2n -1 =0, 

All derivatives needed for calculations may be expressed from these equations as shown above. 

Below we assume that all factors change linearly in time. This assumption defines curve L. This 

assumption is not principal, and any other curve of factors' dynamics curve may be assumed. 

We use below ·the following scheme of analysis. The aggregated competitiveness index Z is 

calculated for two periods: "initial" and "final". Its increase is decomposed into components, 

corresponding to factors Ti , d;,1apan , and · d;,usA : 

f1'Z = ztinal- z initial =~d.Z[Ta+ ~flZ[d;,usA] + UZ[d;,1apan], 1=1, ... ,8 

where fl'Z[X;] is a part of f1Z corresponding to factor Xi. This decomposition allows us to estimate the 

contribution of each factor, and thereby to analyze changes in competitive dynamics at the USA and 

Japanese automotive industries. 

3. RESULTS AND CONCLUSIONS. 

In our analysis we used data 1985 and 1992 presented in Table 3.1. Namely in this period 

competition between US and Japan automotive industries was extremely high, and in 1992 US , 

managed to shrink essentially the gap that took place in 1985. Our analysis allows to reveal main 

factors of this process. 

Table 3.1. Competitive Overview of US & Japanese Automotive Industries 

1 9 . 8 5 1 9 9 2 

Japan USA Japan USA 

INPUTVARIBLES 

Productivity 8 5 9 7 

Cost 8 5 8 9 

Development Cycle 8 5 9 7 

OUTPUT VARIABLES 

Quality Defects 8 5 9 8 

Price 8 6 7 s· 

Safety 5 7 8 9 

Fuel Efficiency 8 5 9 9 

Styling 7 4 10 7 

TOTAL 60 42 69 64 

OVERALL PERFORMANCE · 70% 93% 
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Using data of Table 3.1 and formulas given above we obtained that ratio of total scores of USA to 

Japan automotive industries was equal to 0.700 in 1985 and 0.928 in 1992, so that gap between USA 

and Japan has shrunk by 22.8 points. US automotive industry registered gains among 7 strategic 

dimensions, while Japan gained only in one dimension - namely Safety, the only dimension in which it 

trailed the US industry in 1985. 

The value of the gap (0.228 points) was considered as 100% of the structural change among the 8 

strategic dimensions and was subjected to factorial decomposition (2.10) according to formula (2. 7). 

Results of the decomposition are shown in Table 3.2. 

Table 3.2. Factor Decomposition of Aggregated Competitiveness Index (% to total change) 

Strategic Dimension Contribution of Contribution of Share in Total Score 

Partial Index 

USA Japan 

Productivity 9.70 · 0.26 0.07 

Cost 26.49 0.29 -0.08 

Development Cycle 9.10 0.26 0.07 

Quality Defects 15.67 -0.02 0.07 

Price 18.89 -0.45 -0.85 

Safety -9.87 -1.84 2.84 

Fuel Efficiency 20.99 0.38 
... 

0.06 

Styling 9.02 -1.01 -0.64 

Total (t=I00¾) 100.57 -2.13 1.54 

From this Table follows that 8 of 24 factors of the model influenced negatively, i.e. hindered to the 

shortening of the gap. Sum of negative influences is equal to -14.76% of total increase. The most 

significant is negative influence of partial index of Safety (-9 .87% ). Contribution of structural factors 

(shares in total scores, d;) to negative influence is equal to_ -4.89% with -3.32% for USA and -1.57% 

for Japan. Negative components define reserves and possible directions of future shortening of the gap. 

Dimensions with positive contribution may be divided into three groups. The first group consists of 

Cost and Fuel Efficiency, with contribution more than 20%. The second group contains Price and 

Quality Defects, with contribution of 15-20%. Other positive factors, Productivity, Development Cycle 

and Styling are united into the third group, their influence is less than 9%_. This separation defines 

preference of dimensions for developing future competitive strategy. 
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A LONGITUDINAL STUDY OF AN MRP II 
IMPLEMENTATION IN A MILITARY REP AIR ENVIRONMENT 

By 

Paul F. Tully 
California State University, Sacramento 

ABSTRACT 

This longitudinal study was undertaken to examine the possible ramifications of adapting commercially-used 
Manufacturing Resources Planning (MRP m software to the environment of military depot maintenance.. It follows the 
effort from its inception in 1984 to the present The paper recognizes the uniqueness of military repair and concludes 
that MRP II can be utilized in that environment, but not without problems. It .finishes with a postscript noting that the 
effort is being considered for extension across the entire Department of Defense. 

INTRODUCTION 

Depot Maintenance Management Information System (DMMIS) is an integrated MRP II-based system that was 
developed as one of the Air Force Material Command's (AFMC) major information system efforts to modernize depot 
maintenance data systems support and enhance management capabilities. DMMIS is composed of commercially 
available hardware and software and newly developed or modified software, which provides on-line interactive, batch 
processing and interfacing support to core maintenance functions. The primary purpose is to provide managers an 
automated tool to help plan, schedule, and control the execution of depot maintenance workload. DMMIS functionality 
includes workloading, forecasting, production planning and scheduling, receiving, inventory control, routing, cost · 
management, financial management, and time and attendance. · 

PURPOSE OF THE PAPER 

An earlier paper reported on a study to assess the impact of the change from the existing AFMC material support system 
to the newer MRP II requirements. By making a comparison between currently existing "repair" BOMs and what would 
constitute 100 percent complete "manufacturing" BOMs as found in applicable technical orders (TOs), it would be 
possible to develop a quantitative assessment of the ·impact of DMMIS on AFMC's material support data systems. A 
secondary purpose of the study was to formulate some recommendations for actions that AFMC might consider to reduce 
identified problems associated with the adoption of MRP II and the condition of the existing database. A plan of action 
could then be formulated that might ease the conversion process and help ensure a successful implementation for this 
pioneering effort to transition MRP II from a manufacturing to a repair environment. 

This was accomplished in the original study and recommendations were presented to solve the anticipated problems. 
Since that time, an implementation team has been formed at each of the AFMC depots to begin prepara~ions for actual 
transition to MRP II. This paper focuses on the conclusions and strategy of the implementation team at Sacramento Air 
Logistics Center (SM-ALC) site of the original study, and reviews their evaluation of the findings and recommendations 
of the earlier 1992 study. · 

THE ORIGINAL STUDY 

This study was done at Sacramento Air Logistics Center (SM-ALC), Communications/Space Directorate, Air Traffic 
Control and Landing Systems Division (ATCALS). The data that provided the information base of this study was from 
both the Job Order Production Master System (G004L) and Deport Maintenance Material Support System (G005M) 
products as of July and August 1990. 
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FINDINGS AND INTERPRETATION 

1. The distribution of the number of BOM components is exponentfal, heavily dominated by BOMs in the O to 3 
component range. 

2. Sixteen percent of the production numbers within the division have no BOM. 
3. Two of the 42 sample BO Ms had over 100 percent coverage, that is, the BOM included more; components than were 

. listed in the technical data. 
4. The transition from repair BOMs to MRP II BOMs (100 percent complete at 95 percent accuracy) will expand the 

database by a factor of 10.94. 
5. Inactive BOMs absorb over half of the entire material support database. BOM's for items not put into work within 

the last year represent 58 percent of all production numbers and 52 percent of all component items. 
6. The average number of BOM components declined from I 983 to 1990. Comparing Division data to a previous 

survey of the entire Directorate, the average active BOM has shown a decrease in component items. 

THE SM-ALC IMPLEMENTATION PLAN 

The above findings and accompanying recommendations to alleviate their impact on implementation were included in 
the original study. Since that time, the SM-ALC implementation team has developed more definitive plans for the actual 
transition to MRP II. They have had an opportunity to assess the magnitude of the implementation effort and compare 
their findings and planned actions for the entire depot to the original study's examination of one shop. Below is a 
discussion of some of their plans and their assessment of the original study's recommendations. 

Strategy 

SM-ALC plans to implement DMMIS in four product directorates concurrently. This will require access to four 
production regions. plus a corporate region in the system. They plan to load 100 percent of th.eir active production 
numbers within 24 months from start date. 

Financials · 

They will begin to load financials as soon as the DMMIS software becomes available. This will require 6 to 8 months. 
For optimal system implementation, they would like to have financials "up and running" by the beginning of a fiscal 
year. 

MANAGEMENT OF ITEMS SUBJECT 
TO REPAIR (MISTR) 

SM-ALC MISTR workload is comprised of a total of 58,876 production numbers. Of these, 2,866 have some activity 
or negotiations against them for the current year. Of the 2,866 with activity, 601 production numbers generate 80 percent 
of the total direct product standard hours (DPSH). These production numbers will be the focus for the initial 
implementation of DMMIS for MISTR workloads. They plan to have a representative quantity of these numbers loaded 
within 6 months and the entire 601 within the first 12 months. They will load the remainder of the active workload in 
months 13 to 24. · 

OTHER MAJOR END ITEMS (OMEI) 

OMEI workload is primarily large, complex, long, flowtime items. They plan to begin loading OMEI in month 7 and 
finish by month 12. At this time, there are 26 active production numbers and anticipated new workload will be loaded 
as it generates. 
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Nonprogrammed 

Nonprogrammed temporary workload (manufacturing, software, and unplanned commodity workloads) will be loaded 
into DMMIS as it generates. SM-ALC numbers are based on historical generati0n of approximately 375 jobs per month. 
Early data load efforts will be concentrated on MISTR and OMEI, where DMMIS will provide the best payback. SM
ALC will begin to load nonprogrammed workload during month 13 in Technology and Industrial Support Directorate 
and month 19 in other product directorates . . 

RESPONSE TO SPECIFIC 
RECOMMENDATION OF THE ORIGINAL 

DMMISSTUDY 

I. Eliminate inactive production number. 
SM-ALC never intended to load Bill of Material (BOM), operations, and routes for any production number with 
no activity. The strategy is to load only active production numbers. · 

2. Establish the BOMs without utilizing the current BOMs in the database. 
SM-ALC plan utilizes all data sources to load BOMs from current systems. They plan to load only component 
items on the BOM that are required in the depot maintenanc_e repair, manufacture, and overhaul of end items through 
depot repair. Procedures at SM-ALC have always placed emphasis on maintaining accurate BOMs to ensure they 
are charging out customers with the correct price for material consumed during depot repair. 

3. Establish BO Ms ( only for active production numbers) with only the parts that show historical consumption and 
failure experience. 
Again, SM-ALC has never intended to build Engineering Bills of Material (Full-Range Listing). Their intentions 
all along have been to build Repair Bills of Material only. 

4. . Establish the new BO Ms in order of the highest value to lowest value. 
SM-Al.C's implementation strategy all long was to implement DMMIS based on the Direct Product Standard Hours 
(DPSH). They will use a Pareto-type approach and first load the top 20 percent (production numbers) that produce 
80 percent of the DPSH by product directorate. DPSH is equivalent to revenue in depot maintenance (hours = 
dollars). 

5. Define and apply perf otmance measures so that only statistically significant variations would receive attention. 
Variances within the DMMIS systems whether they be costs, labor, or material are based on _8 quarters of historical 
production data. Variance reports are produced on a required basis so that material planners, master schedulers, and 
production personnel may adjust data to bring it in line with depot operations. Other performance measures for 
operating under DMMIS have not yet been established. Using the most recent 8 quarters of history is the current 
policy utilized under today's system. · · 

6. Relax the accuracy requirements for the BO Ms. 
SM-ALC will strive for 100 percent accuracy in its BOMs. But, this is only a goal and not a requirement for system 
operations. DMMIS allows the flexibility to order material on demand or change a BOM instantly if a new 
requirement exists. It will also track these new requirements through the cost systems. Something they cannot do 
today. BOM's are utilized for projecting material requirements, assembly and disassembly, supportability, and 
establishing of the sales rate for material for a production number. SM-ALC has always striven to have an accurate 
BOM because inaccuracy will result in loss of workload for the center. 
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CONCLUSION 

MMIS is _much more than a BOM system. ·It incorporates forecasting, master scheduling, material requirements planning, 
material inventory, shop floor control, cost management. financial reporting, and time and attendance. All necessary in 
times of reduced resources· and competition such as the DOD is currently experiencing. 

DMMIS is established with a region for each product directorate and a corporate region to handle the financials across 
the center (i.e., budget, time and attendance, profit/loss, and financial reports). The database will only have BOMs, 
routes, and production numbers that are applicable to that product directorate. 

According to the SM-ALC implementation team, many of the issues raised_ in the original paper based on the sample 
taken from one shop were either not encountered or encountered to a lesser extent when the implementation team looked 
across the database for the entire depot. This implies that the original sample shop was not fully representative of the 
entire depot. AFM:C still faces a herculean task in attempting this MRP II implementation on such a grand scale. Only 
time will tell whether or not it can be successful. 

POSTSCRIPT 

Air Force Operational Test and Evaluation Center (AFOTEC) conducted a qualification and operational test and 
evaluation (QOT&E) of DMMIS at the Odgen Air Logistics Center (OO-ALC), Utah from 6 December 1993 to 18 
March 1994. The purpose of the QOT &E was to evaluate the operational effectiveness and suitability of DMMIS, 
identify deficiencies, and make recommendations for improved operation, maintenance, and logistics supportability. The 
results of this QOT &E supported the Major Automated Information System Review Council (MASIRC) Milestone III 
decision. Based on demonstrated performance during QOT &E, DMMIS was determined to be operationally effective 
and suitable; however, it does have areas that could use improvement. Five critical operational issues were identified 
and addressed during QOT &E. 

In July 1994, the MASIRC accepted the finding of QOT &E and approved the Milestone III review. This allowed the 
DMMIS system to be exported to other ALCs. ·At the same time, MASIRC also approved the Program Management shift 

. from a Air Force program to the Joint Logistic System Center (JLSC) managed program. JLSC is chartered to achieve 
Corporate Information Management (CIM) goals across DOD for logistics business areas. The JLSC has the 
responsibility for defining and managing the DOD corporate logistics data resources, managing the design, development, 
implementation of integrated logistics processes and systems, and facilitating the development and implementation of 
improved business processes. DMMIS had been selected to manage commodities workloads across all DOD depot 
maintenance areas rather than solely within U.S. Air Force depots. The implementation process is ongoing and has yet 
to be completed. 

Odgen Air Logistics Center (OO-ALC), Utah was chosen as the initial implementation site. Unfortunately, some severe 
problems have alledgedly been encountered and the program's continued existence is under question. DMMIS has 
received some recent negative publicity in the national media and detailed information is difficult to obtain. It appears 
that some of the issues raised in the original study and the QOT &E may have proven too difficult to overcome. The 
author has been unsuccessful in verifying whisperings that the DMMIS program is currently unfunded, and identifying 
the exact nature of the problems percipatating the current situation. 

1. 

2. 
3. 
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ABSTRACT 

Glazes are thin continuous coatings. They are commonly applied upon claywares or other cerami~s for protective, 
marking, sealing or decorative purposes. A glaze must be free from defects to serve its purpose. A substantial 
knowledge of the source, cause of defects, and their elimination from the gla~e is essential. A glaze defect can 

reduce the appeal or the value of the glaze upon which it appears. Nevertheless, an appreciation of the nature of 
glaze defects imperfections and knowledge of possible remedial action to avoid their occurrence is necessary 

(Bull, 1986). 

The use of this 3~ factorial experimental design was used to determine the causes of crawling. The ceramic trim 
piece tile of S4269 in the biscuit color of EV 1 obtained the glaze defect: crawling. This experimental design was the 

statistical tool used to determine and understand which three variables: binder percentage in the glaze, thickness of 
application (residue) or sanded surface of pieces, has the greatest impact towards this defect. Once this data was 

collected and properly recor9ed in the designed matrix from the ceramic processing testing, the effects of the surface 
of the tile was examined based upon a glaze appearance rating scale. The re·sults from this experiment gave an 

indication to which variable has a significant effect upon the cause of crawling. 
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INTRODUCTION 

Porcelanite Ceramic Tile, Inc. is experiencing an increase in their glaze _defects. The most common glaze defect that 
they are experiencing is ·described as "ruckling, butterfly, rolling and curdling" (Harman, 1973), also known as 
crawling. Crawling is "displayed by the maturing of glaze although it may originate on the pre-fire or in the firing 
stages" (Harman, 1973). According to J.R. Taylor and A.C. Bull, when crawling occurs, irregularly shaped areas are 
either unglazed or only partially glazed. In other words, the glaze is drawn back at the border of the edge. It is 
smoothly rounded and the deposit is usually above average thickness. Crawling can range from small exposed areas 
of substrate to excessive "beading" where the glaze has formed globular islands of different size, shape or thickness 
(Bull, 1986). . 

The primary variables which could have an effect upon crawling were defined after a brainstorming session and 
research with the ceramic engineers at Porcelanite, Inc. These variables were minimized using the criteria of · 
practicality, measurability, feasibility, and economics. 

The purpose of this research was to examine the trim tile production area at Porcelanite Ceramic Tile, Inc. in order to 
detennine which of the three variables has a greater effect towards crawling using the 33 factorial experimental 
design. 

BACKGROUND 

Measurable viscosity (residue) and surface tension towards substrates controls the phenomenon of crawling. The 
relationship of adhesion or its absence in the unfired state, surface tension of the maturing glaze and the physical 
condition of the body are known to correlate with these three variables: binder percentage in the glaze, thickness of 
application (residue) and sanded surface of pieces. After evaluating Porcelanite's ceramic process and extensive 
knowledge, these three variables were concluded among the ceramic engineers to be contributory causes for this 
defect. 

DESIGN MATRIX 

All three variables were evaluated for the 33 factorial design matrix (See.Table 1). This type of design matrix was 
used to help conduct the order of performance of each tile test for the three variables. A total of 27 tile tests were 
selected randomly for the criteria of this experimental design (See Table 2). 

ir 

Binder Percentage 
MIN STD MAX 

Residue Residue Residue 
Sanding MIN STD MAX MIN STD MAX MIN STD MAX 

MIN 1 2 3 4 5 6 7 8 9 

STD · 10 11 12 13 14 15 16 17 18 

MAX 19 20 21 22 23 24 25 26 27 

Table 1: Designed Matrix 
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EXPERIMENTAL PROCEDURE 

Sanding Technique 

Before the glaze is applied, the surface and edges of the tile must be carefully ciusted. There are three increments of 
removing sand. The minimum content for the removal of sand consists of a spray gun and a detailed brush used at 
close range. The standard removal of sand is removed with a bristled brush with one stroke, considered to be self
blown or standard, compatible to the current ceramic process. To obtain a maximum effect of sand, there are no 
blowers used, therefore excess sand remain on the tile. 

Binder Percentage 
MIN STD MAX 

Residue Residue Residue 
Sanding MIN STD MAX MIN STD MAX MIN STD MAX 

MIN . 16 8 13 4 11 12 17 21 18 

STD 24 14 20 26 19 22 6 23 2 

MAX 27 7 25 9 3 5 1 15 10 

Table 2: Randomly Selected Design Matrix 

Binder Percentage 

After the sanding technique is prepared, the binder percentage of the glaze application must be measured as the next 
phase. The binder acts as a temporary cement for loosely adherent particles in the unfired glaze (Bull, 1986). Thus, 
p'romoting the capable fired glaze surface to be less easily damaged by any impact or abrasion suffered during the 
later processing. · · 

The type of binder used in the glaze ofEVl glaze for this experimental design is Carbo Methal Cellulose (CMC). 
This organic type of gum is used to support the glaze adhesion for obtaining a smoother surface. For this 
experimental design, there are three increments of binder percentage measurements being investigated. No CMC is 
added to obtain a minimum value. The value of .06 and 0.30 grams is considered to be the standard and maximum 
value for the binder percentage. To obtain the maximum value, .28 grams of CMC is added for every 400ml of glaze 
used towards the spraying of the tile . 

. Thickness of Glaze Application (Residue) 

Once the glaze is prepared, the residue of the glaze must be determined before glaze application. This is the process 
where the glaze and ceramic substrate must come together. Therefore, it is essential for the glaze application to be 
straightforward. 

The thickness of the glaze application is determined by grinding the glaze into a_miniature ball mill used for testing 
after the binder percentage was evaluated. The grinding technique involves the production of finely ground and 
intimate mixture of raw materials. 
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The glaze application content (residue) for minimum range was 0.00 - 0.50 grams. Grinding the glaze for 
approximately 20 minutes was essential to reach this minimum range. To reach a standard range of 1.50 - 2.00 
grams, and a maximum range of 3.00 - 4.00 grams, the glaze must grind for about 10 minutes and 5 minutes, 
respectively. 

After each variable is prepared for the tile test, the 20 pieces of the S4269 is numbered according to the random 
selected tile test The biscuit colored glaze is placed into the spray gun, and is sprayed onto the numbered piec~s. 
The tile is placed into a S - 412 setter and then the setter is placed into the kiln to be fired. After the pieces are fired 
and removed from the setter, they are graded for the occurrence of crawling. The grading of this analysis is based 
upon a glaze appearance rating scale. These ratings were placed into the designed matrix of the 33 factorial 
experimental design and used as the input data for the statistical analysis (See Table 3). 

Binder Percentage 
l 

MIN STD MAX 

Residue Residue Residue 
Sanding MIN STD MAX MIN STD MAX MIN STD MAX 

I> 

MIN 5 6 0 10 0 0 0 0 0 

STD 10 0 0 0 0 0 3 0 0 

MAX 0 0 0 10 0 5 0 0 0 
-

Table 3: Glaze Appearance Rating Designed Matrix 

EXPERIMENT AL RESULTS 

Statistical Analysis 

The results of the statistical analysis performed with the One-Way ANOVA and Wilcoxon I Kruskal-Wallis Tests 
concluded from the JMP software package, can be seen in Figure 1. 

DISCUSSION OF RESULTS 

The effect test concluded that residue had a significant effect towards crawling. The binder percentage and sanding 
obtained no significant difference when compared to an alpha of .05, which concluded that neither one had an effect 
towards this experimental design. There were no interactions between the three variables; therefore a statistical 
analysis was performed for residue. Through the One-Way ANOVA and the Wilcoxon/ Kruskal-Wallis tests, the 
results revealed minimum residue may be a contributory factor towards crawling among the S4269 trim piece tile. 
Therefore, the minimum residue showed a significant difference, when compared to the alpha value. 

CONCLUSION 

If Des•ign of Experiment (DOE) is used properly, it is possible to eliminate false solutions and pinpoint highly 
probable solutions with one well designed experiment (Knotts, 1994). In this 33 factorial experimental design, 
minimum residue appears to have a significant effect towards crawling. Excessive grinding can promote minimum 
residue, thus promote crawling. Therefore, to avoid crawling grinding should be strictly controlled. The result from 
this experimental design suggests Porcelanite, Inc .. may need to make some changes in their ceramic processing. 
This change can lead to a more reliable process with fewer occurrences of glaze defects. 
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Summary of Fit 
RSquare 
RSquare Adj 
Root Mean Square Error 
Mean of Response 
Observations (or Sum Wgts) 

Parameter Estimates 
Effect'Test 

Source Nparm OF Sum of Squares F Ratio 
Binder 2 

Residue 2 
Sanding 2 

One-Way ANOVA 
Summary of Fit 
RSquare 
RSquare Adj 
Root Mean Square Error 
Mean of Response 
Observations (or Sum Wgts) 

Analysis of Variance 
Sou~e OF 
Model 2 
Error 24 

C Total 26 

Means for One-Way ANOVA 
Level 
Max 
Min 
Std 

2 
2 
2 

Sum of Squares 
78.29630 

227.77778 
306.07407 

Number 
9 
9 
9 

Std Error uses a pooled estimate of error variance 

Wilcoxon/ Kruskal-Wallis Tests (Rank Sums) 
Level Count 
Max 9 
Min 9 
Std 9 

1-Way Test, Chi-Square Approximation 
Chi-Square OF 

6.2823 2 

30.518519 
78.296296 
3.851852 

Mean Square 
39.1481 
9.4907 
11.7721 

Mean 
0.55556 
4.22222 

. 0.66667 

1.5779 
4.0483 
0.1992 

Score Sum 
106.5 
163.5 
108 

Score Mean 
11 .8333 
18.1667 
12.0000 

Prob>ChiSq 
0.0432 

Figure I: Statistical Analysis 
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0.368103 
0.178533 
3.109722 
1.814815 

27 

Prob>F 
0.2310 
0.0334 
0.8210 

0.255808 
0.193792 
3.080705 
1.814815 

F Ratio 
4.1249 
Prob>F 
·0.0289 

Std Error 
1.0269 
1.0269 
1.0269 

27 

(M-M0)/Std0 
-1.270 
2.472 
-1 .169 
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ABSTRACT 

This paper discus~es a bootstrapping methodology fo~ .estimating. Cpt when the ~ty ~~cteristic ~ Weibull 
distributed. The lengths of the resulting intervals are comparable to those obtained under the normality 
assumption. .. ' .. ~ ·- '.. ' ·; . 

~TROD~CTION 

Process capability indices are the most frequently specified statistical measures for determining whether a 
production process is capable of producing_ it~ms wi~ a ~ed tolerance. The most popular measure that 
r~lates the natural process tolerance, specification ~ts, and the center of the process is~ Unfortunately, 
common practices for estimating a process capability index arc flawed because either data is taken from a process 
that is not in statistical control, the underlying ·distribution is not no~ or·the sample size is·too small. 
Moreover, many times practitioners fail to ·recognize that an estimated process.capability index, Cpt, is a random 
variable. Consequently, instead of using a point esti~tor f~r Cpt , a more sensible estimation procedure is 
constructing a confidence interval. The problem of constructing confidence intervals for Cpt when the underlying 
distribution is normal has been addressed in the literature; for example, see Montgomexy (1996, pp. 447-4S1). In 
this paper, we present a general methodology for constructirig confidence intervals for Cpt. The methodology uses 
bootstrapping and, consequently, does not require the no~ty of the underlying distribution. The methodology is 
applied to the case of the Weibull distribution. ' -· 1 

.·, .. ;_ .: ·: THEWEmULLDISTRIBUTION ·., . 
. ! r 

Suppose that the process quality characteristic can be modeled by a Weilrull distnoution, Weibull (1951). This 
distribution has three parameters: a location parameter, y, a scale parameter, 8, and a shape parameter, p. The 
Weibull distnoution is defined by its probability density function: · 

Ax>: W'<~-y)P-te-J-( ;r-y) ~l -. 
: : • . , I '. I _:-11 e I 

. : . . ~ .. . [ 1] 

or its corresponding cumulative distribution function: 

Fer>= 1~~{7) '] 
Unfortunately, this notation has not been standardized, and various writers use differentparametriutions. Here. 
the_ above notation is used because 8 is the true scale' parameter and because of invariant properties of some 
estimators of parameters 8, y, and Pas shown by Antle and Bain (1969) and Thoman et al.(1969). Under this 
parametriution, the expect~ value and vanance of_ this distnbutfon are '' : 
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. : . ~: 

E(x)= y +8 •r(l + UP) 

This distribution can assume a wide variety . · 
of shapes depending upon the values 

: .. ·, [3) 

assigned to its parameters. Weibull f_ 1.00-t--""T----+-+--+----+-----◄-----' 
distributions· with mean zero and different -8 
values of the shape parameter am shown in ; : l. . :zs, 
Figure 1. If P = l_, the Weibull distribut;ion .§ cao-;t--+-~,__~-1---~..------.-___,.;.--------+-------' 
becomes· an exponential distribution. As ~ ct 
increases the distribution becomes more 
symmetric, and with P = 3.6 the clistnoution o~l,_.l,J~~---l---_:~_Jt:::;::;;~:::;::::±=d 
is very close to normal. -1.00 0.00 1.00 

WabuU randem vartable 
a.oo . 

[4] 

Figure 1. Weibull distributions with mean zero, constant scale parameter, 8 = 
1, and different values of the shape parameter. 

PROCESS CAPABILITY INDEXES: NORMAL VS. WEIBULL 

The process capability index. Cp1i: is the ratio of the distance of the process' mean from the nearest specification to 
half the process natural variability, that is ' : · ' · i · 

1 . : . . ... 
. , ·. ·1: .: .. . i" , < ;:· : . C 1c=-miil(USL-µ,µ-LSL) . .- . · .. 

P 3a • . . [5] 
. ~ . i 

In tlus paper,. it is assumed· that:one is dealing:~th a1p~ ~1:}l an~ ~cation limit only, thus 
Cpt' ~-(USL-µ)/(Ja): ·In additio~ since a chang~ in th~ scale· parameter is equivalent to a simple change in the unit.9 
ofmeastireinents, without loss of generality, th~ scale parameter.is fixed at 8 ~ 1. 

·. ·. ·. '. '. !' ;. . . .. •. , ;1; -~ ,.: . ' . ~ ; i , .. /·· . . : 
Iil:this section; 'we;compare ihe~perceI1tages beyond the upper specification under the Weibull and the normal 
models' for different values of c~k . In bot.Ii cases, it is ~ed ,that the expected value~ of the distri~ution is zero. 
ThUS;'tne specification limit corresp0n~g to a desired ep;· is USL = 3 a Cp1i: . In the case of the Weibull: , . 
distribution-with scale parameter 8 = 1 and mean at zero, .. •• ... ~-:! , 

a
2=1 l •¾ )·~1 i+½ l" : , .. ' : ~ •• ~ '. . t • . . . '· . . '[6] 

thus, 

.. us~ •:.J~pkl1_1~¾J ~1~·tJ [7] 
· ·: ;.::;. ,:!'.; .. . :i:'..: ·. i ·-· 

and the percent beyond the~-spccifi6ition can be computed using Ee. [2], with 8 = 1 and y = -ro + 1/P as 

· . Pwob.4: _l-F(USL)_ = ~+ •~~ N l,:¼) ~1 l•¼) •11•¼Jrl . 
i , • 1 , • • I r l • ,• : • t ~ ; 1 ~ • • • • : • • : · , • • • fr -. , • , t ,l • • f • • , ; f ! , . ~ ' ' . ~ , 0 

I • • 

[8) 

[9) 
• : , : • ! 

' ; • • t ~ . • ~ . • ; ; ' , • ! . • ~ i • 1 t.: ••: 

To compare :ilie pe~t defectiv~ under both distnlrutio~, one fuces the value of~ ; then, ·one selects. a value of 
the shape parameter of the Weibull distribution, p, and, with this value, one computes (using Ee. [71) the value of 
the upper specification limit to be used in both distributions~ :The proportion defective is finally computed using 
Eqs. [8] and [9]. Table 1 shows the differences in proportion defectives; these differences arc larger for non capable 
processes (Cp1i: < 1.33) with skewed distributions (small values of shape parameter of the Weibull distribution). 
These differences are also shown in Figure 2. 1 • : ..• _ .• • , 
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' ' • ~ • # ,.: . -: ~ • , • ': • ~ ' • _i : . :-- ' ., 

• • , J 

Table 1. Difference in ro rtion defective for different values of C 1c; Weibull vs. Normal distribution 
C 

. Proportion defective 
ti~in . ' normal distrib~tion 

Weibull sha e araineter _. 
2.00 . 

· iso · 
J.00 
J.50 
4.00 
4.50 

0~67 1.00 1.33 1.50 1.67 

2'.27~% :· · 0.135% 0.003% ·,woo% -,, :_ 0.000% ··· ~ ;_ 

Pro . defective difference: Weibull - Normal 
1.465%. 0.428% 

: 
0.052% 0.014% 0.003% 

:0'. 808% 0.155% 0.009% 0.002% 0.000% 
o:2so% 0.015% -0.000% -0.000%· -0.000% 
-0:134% -0.056% -0.003% -0.000% -0.000% 
-0.459% -0.093% -0.003% . -0.000% -0.000% 
-0.715% -0.111%- -0.003% -0.000% -0.000% 
-0 9 9° -0 -0 000° -0 000° 

r-17, -:-:-._-:-. . :-:--. ~---~·, .i •. ,: , . . 
. • .... " .•, • .. . "'C" : 

. "}.,: : 

=:::;Z',c;..._ ___ --::::~~--_ -_ ...... _ =_ -::--::-::-;;--« 2.75 
' JQQ I . 

3.25, . Sha~ 
. ,. ,,· ; <;l?k .:·_· ._1 -.50 .~ · •.•, .·· parameter 

. °Figure 2. Difference~ proportion d~fective for. different values ofCpt and;m,~::. : 
Weibull shape parameter , : •, · · 

- ~ ' .· · " •. • •..• ,. •• ...... . ~, -. ' "~- - ~-"; ; ·•' ...::., • . ,,. ;...:.., . •••• ; ' ' # ... • · · - .•• · . : ... .. _ .. .. . -::- .\.. :J. .. :~---.'~i .. '..: _, ..... 
ESTIMATION OF PROCESS PARAMETERS 

2.00 

0.000% 

0.000% 
0.000% 
0.000% 
0.000% 
0.000% 
0.000% 
0 000° 

In this paper we are interested in obtaining confidence intervals for Cpt when there is a single upper specification 
limit, and cpk is estimated as ' . ' . !< i '• . : . . ' . 

. I ·c,. . _ USL::.~-~- USL-[y+8 r(l+l/~)] 
: ---- · ,---~--- [IO] . . ·'. . ; · ; : '). : ,,~,~% r~:Mrc1+2/~)~~(l~U~) : . . ; . .', 

1 

• 

The procedure-used in the· ~tio~ ofthe parameters is (i) estimate the location parameter, y, using a simple 
method; (ii) subtract .ffrom ~h yalue in.the'data:sei;-~d.(iii) use this modified data set to compute the 
maximum-likelihood estimators of-:Ule scale and:sliape_parameters. 

. · } : \::?ii• l/\ ;"'i·· -.-··•: .:1( : -,~-/)<t.:·h(?}\~.t~?P:;f · aI1~ ~ _.Y,·;.r~,; :5 --·· ·· · 

A simple estimator of the-:iocatior{paranieter.-o(a,µf distrllftiti6n~;wfilc1>.':tJ:fo~t(o~j,aiameter acts as an origin 
has been developed by. Dubey (1967)~ If:i 1~,~ ~~ 'jqm;~:i~vely~ ]lieffi~;f~ and last values in an 
ordered sample, then .· r .. •: .' . ,'_ __ · ,, . ,. . ~- . . -:• ,\ '. ·.~. l· I ! · • . ·• ' • . • 

. . 2 . . . 
''. ' y=(xlxn:-_x2)l(x1 +xn -2.r;) · . , . . •· .·::•••· [111 

is a penniSSl'ble, consistent, and asymptotically nonnal estimator of y~. Now, if y. ~s assumed to :be kno~ the scale 
parameter 8 and the shape parameter p can be estimated using the principle of maximum likelihood (ML). The 
ML estimators of 8 and P can be obtained by solving the following system of nonlinear equations (Johnson et al. 
(1994), p. 636) · · . . ; _. •': · . ·, • .. / ' ·.. . 

~ L • ., • 

j i 
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: .. 

[12) 

. I 

[13) 
I ' 

Finally, based on these estimates, Cpt is estimated using Eq. [10]. 

THE BOOTSTRAP METHODOLOGY 
I ' ' 

The bootstrap methodology (developedby B. Efron in 1979) uses samples generated by repeatedly resampling from 
the original data for ~g the sampling distn'bution of statistj.cs that arc very difficult to compute. A bootstrap 
sample is a random sample of size n taken with replacement from an original sample. . . . . . . ·. ' 

' .' To study the distribution o~~ .(as aefikecrfn c1qi .. ' __ -._. i·_.: -. -_., . ,, .. , i! }; • 

we start with a simulated random sample froni a Gen~~-~-: · 
'simulated random 

W et'bull distribution; this sample is som~times called sample from a _ 

the original sample or the parent sampie. Using Eq. Weibull 
11, an estimate of y is computed. The~ a bootstrap . distribution 

sample is taken from the parent sample; estimates of 
the shape and scale parameters· are computed using-. . 
Eqs. [12] and [13], and <;. is estimated using Eq. ·_ 
[I OJ: This bootstrapping procedure is repeated several · 
times to obtain many values of Cpb these values are 

Estimate the 
location 

parunetcr 

Construct 
confidence 

interval 

Generate 
boot.strap 
sample 

Estimate 

Estimate 
shape and 

scile 
arameters 

Estimate 
Cplc 

used t~ generate an empirical distn"bution of Cp1c and 
to construct'a confidence interval °for the true value ·of 
Ci>k. This• procedure is shown and summarize4 in 
Figure 3. A detailed algorithm is given below. ' 'i ' · ·. 

Figure 3. The bootstrap methodology applied to the 
!. : • ·: _co~on of a confidence interval for Cpt· 

':- ·. .: .. '~ Ttii Simulation iind Bootstrapping Algorithm · 
: -. -: -: •. .;! ·. , •. ; 1 · -· . •, : ,i , · :: i . : · • . • • - '. 

For each Weibull shape parameter,~=· 1.00, (O.SO), S.oo·, do ·•:-
.. Compute variance using Ec.6 . -. -.. . . · . - _ -
• · Compute location parameter so that the expectecl'value is icn,; y . = ,· -f(l: 1/P) -, ... 
• . For each process·capability-in~ c;.· = -'l/3, l, ~/3~' 3/2, 5/3,; and 2, <fo.: . . 

: • · ·,i; Compute.upper specification limitnecessary to obtain d~ Cpt: USL;= 3 a ½le-
►. Foreachsamplesize,n =·SQ,.100,.andSOO,do- •· · ·• : .--· · 

: i .: 

;i., ► . ~thef,ollowingp~IOOtimes . 1 •••• • ' 

• . .. .- · Generate _a "p~ sample": a random sample from a Weibull distribution with , 

.:~= - .. c.· · ~~ - •:f:11~:ofbootstrap samples, nb = 500.and 1000, do 

· :· ,J • · Generate nb bootstrap samples each of size n. For each of these nb 

. !· · • :. 

. ! · ► 

~ : 

·· samples: · · · · 
·., • ,, .. , .•_- •Estimate distribution parameters using Eqs. 12 and 13 
::, •· · . .· ;Estimate Cpt using Ee. 10 

. ~ Using~ nb esti~ated <;. .s: . 
• , Estimate an average <;. _ . 

· :. ►; ; ·For each confidence level, l.:CX = 90%, 95%, 97.5o/~ 99%, 
99.5% 
• . E~tim_~te upper and lower confidence limits 

• Consider rie~ nb ' ... ! · .. · · · 

Repeat pr~ure . .. . _ 
: ,, : :• I • . • • ._, i' . , :•,; 

. , : ; . ·• : -:;• •· ·, 
: . j :. · .. : .. .-o·-:r ... 

·., )·. , : ti; 
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. ,/f. ·.:-:::J:. •~!:= !'" ·. ,, : 
. . .. . ;: 

.·. _;::\:\'l (;·.= :; :,. i 
, : n ·.• • • . . f · . • · 

. : .. . i . : ·=- ••.· . · • . ,., j 

.. Consider. next n · ' · · · · · · 
, " Consider next<;. · · · 11·-•.·=-1 ·· : ... , .. : '. ! : . , •• ,._ . . : ._ ,., · 

Consider next 6 ; · ·! • · · 

Note: Total number of data points= (9 ~'s) ( 6 Cp~'s) (3 n's) (2 ·nb~s)'(S «'s) (100 repetitions)= 162000 

PROPER11ES OF· THE coNFIDE'ka:INTERv ALS 
\ ' 

._, ··:· . .\ · .... : 
·The Le~gth' of the Confidence lntervau 

sh
. .th .: · ;~:;,: .· . l gth . · f ·th · · Table 2. Average length of the confidence intervals as a function 

Table 2 ows e· average en o e · · of the sample size, ¼kt and the confidence level 
confidence intervals · for different confidence 
levels~ sample sizes, and expected <;t's. As 
expected, the length of the interval increases as · 
the confidence level increases and it decreases as 
the sample size increases~ Moreover, the length . 
of the interval increases as Cpt increases. A .·: 
regression model (based on all the · 162,009 . 
simulated confidence intervals) produced the 

Sample 
Cpk 

Confidence level 

following .relationship. .. .. , . t 
Ln(length) = -: 0.00109_ n + 8.31895/l n + · 

. . . 0._!3863 ,C,_ + 5.376 _cl'.'". 7.~~358_ [14] . 
where Ln(length) is the natural-logarithm of the 
expected length of the interval, n is the sample 
size, and cl is the desired confidence lev~I- For ·. 
example, for a p~ with· a c;_=l.40, the 
expected length of a 95% confidence interval, . . , 
constructedfromasampleofsize 500, is 0.2175. 

. . 
Equation [14]' can be. ~ , to estimate the 
required sample size; for example, if you assuine 
that you have a process with Cpt < 1.5, you may 
estimate. the required sample size to constiuct a 
95% confidence intervai with a length ot: say,· 
0.15. Substituting the desired length in (14] and 
solving for n (with ~ = l.S), one gets n = 832. 

, · •· . ,· 

. size (n) 

so 
so 
so 
50 

50 

50 

"'100 

100 

100 

100 
·1;00 

· 100 . 

500 .. 
500 

'SOQ : . 
-, , \ 41 ·"' ... . ..... . . . 

500 

500 

SOO 

0.667 

1.000 

1;333 

1.500 

1.667 

2.000 

0.667 

1.000 

1~333-

1.500 

1.667' 

2.000 

0.667 

1.000 

1.333 

r5o0 

1.667 

2.000 

90% 95% 97.5% 

0.356 0.429 0.495 

0.501 0.605 0.698 

0.655 0.788 0.909 

0.729 0.878 1.013 

0.802 0.966 1.114 

0.96S 1.160 1.334 

·. o·.233 0.285 · p:328 
~ · 

0.336 0.403 0.464 

. · ·o.44o , · .• o.529 · 0.608 

0.487 0.586 0.675 

0.541 0.649 0.746 . 

.0.648. 0;77&. Q.896 

: 0:101 0.121 : 0.138 

0.139·' 0.166 . 0.19t· 
. . .. . . .. .... 

0.1.78 0.213. 0.244 
·"·o~i99 

• , •• • o ~► h• • • • ' , P •o , , , .,., 

0.238. 0.273 

0.219 0.262 0:300 

0.262 0.31.3' 0.359 ' 

; •- The Confuknce Leveu 
~- . . ~ . • . j ~ .. 

99% 99.5% 

0.578 0.644 

0.814 0.902 

1.060 1.182 

1.181 1.303 

1.298 1.450 

l.555 1.730 

.. 0,.382 0.427 

0.539 0.593 · 

0.708 0.786 

0.783 0.870 

0.866 0.952 

. 1.042 l.15l 

0.160 · 0.176 

0.221 0.244 
. . 

0.283 0.313 
·- - - · -

0.317 0.348 

0.348 0.381 

0.416 0.459 

The actual confidence levels attained with the p~ described.~ .~igure 3 are. sli°ghtly higher. than the specified 
confidence levels. Tablc3 shows the average of these differences for each sample size. Note that as the·sample size 
increases, the observed confidencc.l~ls approaches the specifi~ confidence level 

. ~ ~ : . ,. .. : : : . ; : .:~ : •• : ; i ~ • I ! • • • <t • • ' 

.. Table 3. Actual confidence levels vs. soecified confidence levels by sample size 

Sample size 
· , Soeci.fied confidence level 

90' . ' 95 97.5 '99 99.5 
50 91.01 95.64 97.85 99.0S 99.54 
100 90.71,; 95.64 97.96 99.21 99.65 
500 90.30 95.14 97.53 . 98.93 99.3 t 
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... . : ' --ThillntervalLength: Comparison with Normal DistiibutJoi, . .'I 
. . . . . . . ·" '. . . ~-= : ~ .j ~+ . :, i ·-·:.:· . 'i :; . : . .. . .... . . ' .. . 
In:this;sectio~ we.com~ the·length:of,~e. confidence inte~_ ~t we obtained to:the length of the confidence 
intervals for ½k when the quality characteristic is-normal. In the normal-distribution case~ the confidence interval 
:ror ½,i.iis given by(sec Mo~~gomctY, [~:9?~li>~:448). c· -~ - , · · • ' . .- j; .· , :~ ·:I"" '=., .:'... ! . . .. · _ . 

. .• ., · r; . C f1~2~ _·l_: ·+-·; _1_· ] / / · < C f1~z -· _·_1_ · +-1-l .: . . 1, .n. . 9n¢2j,,I, 2(n-l) . pt 1 . .n. 9nC2,.' 2(n-l) .. 

Then, the length of this inteIVal is 
. .. . r---, ---... -2 

. ... ztt/2 4(n- l)+ 18nC - · ,. 
lngNonnal(Cp;;,1-«;i)=-... - pk · 

3C n(n-1) 
pie 

_ 0.2 
On the other hand, the lengths of the bootstrap intetvals = 
are given by Eq. (14]. So, if a 95% confidence level is . ~ 0·

2 

desired and ½1c = 1.33 then the ·expected l~ngth of the · ~ 0.24 
confidence interval, if the quality characteristic is e 0_22 . 
nonnal, is . -; .. , · .. . ~ 

••• t ___ ....;..._....;...._ .- ,- i, ·:·· ' = 
LngNonnal(l.33,95%,n)=S.214 °·0628 +-1- ·:: ,... 

. . . :. · · 4 : : , .•. ;- . . ·'· . -:. · 1, : .'~ ~: ·-<· ~:-1(-:m :: .!•2(,i-l) i-rd;• - ,,,: . . . '. 9.-1? ,. -~ :-, . 
while the.expected length of-the ~~p confidence·<·. '.,. , : , :: 0 .. 1 ·= • i • , 1• . · .•.. ~ .. ~- . :· : -~;,_ 

interval if the quality characteristic- is W etlrull , '! _;, , 

distn'buted (based on 500 pootstrap ~pies) is . : · 
0.14-------------------

300 400 · · 500 600 
: Sample size 

700 
• ' . t 

Ln.gBtsrp(I_ ._33,·9: 5¾_,,~;i ___ >_ =~~---1.40~
1

6_· -<l.001_o_;~n+·s.3~ns
9s·)· . Figure 4. Comparison of lengths of confidence --yl V" intervals: Normal vs. Bootstrap (Weibull) 

I : • ' ' 1 • • l " ' • • • ' • ~ • • • 0 ~ \ 
0 

Figure 4 illustrates the difference in these twc;,"lengths as a function of the sample size .. Notice that for large sample 
sizes, the_differencc;: tends to zero. · j • • · ; ., ·, · · · • 

CONCLUSIONS , 
~ ?r: ,, , - ' ~ • r •. ,~ • . ~• .:- ,:.: :'·•_. : . . '" . 4i 1d~f -. "!~· •;~: _. , ·. · ·:; . , • ' 

This research shows that the bootstrap:m~odology is a viable alternative for constructing confidence intexval.s for 
process capability indexes when the underlying. distn'bution is. not normal. This methodology produces confidence 
levels:thatare· quite close-to the specified ones; in addition, the lengths of the resulting intervals are comparable to 
those obtained under the normality assumption, with the difference going to zero as the sample size increases. 

. . .. ::':•(·· , ;~• -: i ·;,- • ~·.' ; .. , .. . '. '·-· ·, ~;:: .• , ·~·. :: .' . . • ·_·.-· : . . ·,, 
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HIMME: AN INTEGRATIVEANJ? HOL~TIC,CRITICAL THINKING TOOL FOR INTE&~ATIONAL 
. MARKETING 

.. Homer B. Warren 
? oun_~C?~ State University 

More ~d inore :"CiS. dom~c manuf~~g and selling_ organizations are becoming international. Many arc 
faced with international ma~ and: micro environments that are different than what they are used to . . This paper 
argues tharnew (and current) international marketers would do well to develop critical thinking skills. To this 
end, a critical thinking ~digm has ~n created to help international marketers see the "big picture'· of their 

international relationships and explore the dynamically interrelated parts• of that big picture. 

· INTRODUCTION 

Modem international business environments (e.g., strong domestic competition, information highways, re
engineering, pre:.. and postmodern consumerism, technological "new speak," workplace diversity, standardization 
versus localization, temperamental domestic andforeign governmental legislators and regulators) present international 
marketers with anticipated and.unanticipated situations that demand dynamic decision making skills. This paper offers 
a prospectus for including the use of critical thinking in approaching international marketing analysis and decision 
making (for a full discussion of critical thinking. see Paul, 1990). Given the dynamically interconnectedness of the 
environments listed above, holism (seeing the "big picture") thinking and integrative thinking will be the primary 
critical thinking methods used in the discussion. Holism maintains that the whole (in this case, the collective of 
international micro- and macro- marketing aspects of any one company) is primary, that the parts (of the collective) 
are logically secondary but are not separate and distinct. Integrativeness maintains that there are interrelationships 
and linkages among the parts [For a discussion ofholism, see Kitchener (1985) and the 1991 Summer Issue of the· 
Journal of Holistic Education; for a discussion of holism and integrative thinking in marketing. see Warren, 1992]. 

A paradigm called the Holistic International Marketing Model of Exchanges (the HIMME) has been 
created for the purpose of explicating the big picture of international marketing and providing international marketing 
managers a thinking tool to help bring clarity to analytical and decision maltj.ng efforts. The acronym HIM:ME 
(though .a bit politically incorrect) is not lost on the reality of how, when international business sellers and buyers 
engage in the give and take of negotiating the terms of the exchange relationship, each contemplates a number of basic 
questions: 1) "What's in it for ME?" 2) "What do I have to give HTh1 in order that I get what I want?" And 3) And 
in the face of 1 and 2, how can we find and exploit the synergy of the relationship so that the relationship will benefit 
both him and mer• 

The HTh1ME has four components: 1) The creation of four (4) distinct international_sellers and three (3) 
distinct international buyers; 2) A generic exchange model that captures the holistic nature of international marketing; . 
3) The use of the generic exchange model to identify the four sellers and three buyers; and 4) The incorporation of 
the integrative and holistic thinking process into the exchange model's relatio~hip with the four sellers and three 
buyers. Each of these components will be taken in turn. 

THE 4 SELLERS AND 3 BUYERS OF THE HIMME 

No matter the nature of the product or the structure of the international organization selling the product, the 
international marketer is to view his/her selling organization as being four separate sellers. Furthermore, the markete_r 
is to view the international buyer as being three separate buyers. 
The four sellers are: 

1st Seller: 
2nd Seller: 
3rd Seller: 
-+th Seller: 

The three buyers are: 
1st Buyer: 

The company ( organization) as the seller of the actual product. 
The company ( organization) as a seller of itself. 
The individual salespeople (or any representative) selling the actual product. 
The _individual salesperson ( or any representative) selling her/himself. 

The bu}ing organization itself. 
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2nd Buyer: 
3rd Buyer: 

The buying organization's buying center members (each constituting a separate 2nd buyer). 
The buying organization's own customers. 

IIIMME's INTERNATIONAL MARKETING EXCHA.i'iGE MODEL 

The Hilv1ME uses a generic exchange model constructed by the author (Figure 1). As with traditional 
marketing exchange models, Figure 1 organizes marketing concepts and ideas into a pattern of marketing activities. 
For the convenience of this paper, only the skeleton of the model is shown (the reader can easily visualize how each 
of the components presented in Figure 1 may be fully elaborated upon). In short, an international marketing exchange 
is said to exist when a customer buys, accepts, adopts, or supports the offering (product) of a seller. In the Hilv1ME 
exchange model an offering will be called a Something of Value (SOV) (Kotler, 1984, also used this term). The term 
SOY implies the consumer utility attached to the acquisition, usage, and disposal of an offering. Hence, an ex~hange 
occurs when one entity or party gives something of value in return for something of value from another entity or party. 
To explain the pattern of activities undertaken by the sellers and buyers in exchanging SOY' s, the stimulus, organism, 
response (SOR) mechanism ofbehavioral and cognitive psychology is used (see Tavis and Wade,1995). 

Figure 1 
GENERIC MARKETING EXCHANGE MODEL 

SELLER's 
(SOR) 

Something of Value >>> 
<<< Something of Value 

BUYER's 
(SOR) 

SELLER's Something of Value, .which is offered to the buyer, consists of the benefits and advantages attached to the 
offering's exterior features, interior features, performance, gas mileage, price, services, reputation, and safety. 

SELLER's (SOR) STIMULUS, ORGANISM, and RESPONSE: 
SELLER"s Stimulus: Profits, ROI, market share, cash flow, status quo, product quality, survival, long-term 

relationship. 
SELLER's Organism: 

l. 
2. 
3. 

Management of all -macro- and micro-marketing elements of the product. 
Information system. 
Analysis of targeted buyer's ( of country's) stimulus, organism, and response elements stated 
below. 

4. Marketing mix strategy per targeted buyer (or country). 
SELLER's Response: Implement and control decisions made under the SOY, S, and 0. 

BUYER's Something of Value the buyer gives to the seller is represented by the payment~ loyalty, and/or the support 
for the seller's SOY and SOR. 

BUYER's: (SOR) STIMULUS, ORGANISM, and RESPONSE: 
BUYER's Stimulus: - Purchase a product that will increase productivity. 
BUYER's Organism: 

1. 
2. 
3. 

BUYER's Response: 

Micro- and macro-environmental characteristics and buygrid policies. 
Management of the purchase decision process. 
Information system containing infonnation about the seller's SOV and SOR 
Implement and control decisions made under the SOV, S, and 0. 

415 



THE EXCHANGE ELEMENTS OF HIMME's 4 SELLERS AND 3 BUYERS 

Each of the HIMME's four distinct sellers and three distinct buyers has a unique makeup. The following 
details each seller and each buyer within the context of the generic exchange model. 

The 1st Seller of the HIMME 

1st Seller of the HIMlVfE represents the selling organization selling the actual product. The following is an 
abstract of how the generic exchange model is used to identify the 1st Seller: 
l) The 1st Seller's SOY. The SOY from the seller to the buyer are the benefits and advantages attached to the 

actual product's exterior features, interior features, gas mileage, performance, etc. 
2) The 1st Seller's Stimulus. For each actual product, the selling organization establishes an appropriate 

stimulus (e.g., market share, profits, ROI, sales, nonfinancial stimulus). 
3) 1st Seller's Organism. For each product, the selling organization will design appropri~te management 

methods, marketing information systems, market analysis and marketing strategy. The analysis strategy 
development will be performed on the 1st, 2nd, and 3rd Buyers (or even the country itself). 

4) 1st Seller's Response. The implementation and control system for all of the above SOY and SO components. 

The 2nd Seller of the HIMME 

The 2nd Seller represents the selling organization itself. The following is an abstract of how the generic 
exchange model is used to identify the 2nd Seller: 
1) 2nd Seller's SOV. Being that the selling organization itself is now the product, the exterior styling represents 

the physical look of the company's factories and facilities. The interior styling represents the factory (facility) 
floor designs and office layout and decor. The performance SOV includes selling organization's track record 
(e.g., production capabilities and efficiencies, delivery efficiencies, employee relations, community relations .. 
etc.). Gas mileage deals with the tangible and intangible investment returns to the targeted buyers and/or the 
host community. Price represents the psychological and professional costs to the buyers for dealing with this 
foreign company (low price represents a favorable relationship). Services deal with guarantees that the 
company will do what it says it will do. Reputation and status are tied to each of the above SOV's. 

2) 2nd Seller's Stimulus. Market share is how the targeted buyers and/or host community ranks selling 
organization against its competitors. Net profits are intangible benefits generated from the difference between 
the costs of implementing the 2nd Seller's SOV and the perceptions/feelings the targeted buyers and/or host 
community has toward the 2nd Seller. Any other stimulus factor may be translated in a similar fashion. 

3) 2nd Seller's Organism. The operational elements under the organism (management methods, WS, market 
analysis, and marketing strategy) now apply to selling the company itself 

4) 2nd Seller's Response~ The implementation and control system now apply to selling the company itself. 

The 3rd Seller of the HIMME 

The 3rd Seller of the HIMME represents the individual salesperson ( or international representative) selling 
the actual product(s). The 3rd Seller designation also covers company official's representation at international civic, 
social. community, and associations. The key to ,dewing the 3rd Seller lies in the fact that 3rd Seller is responsible 
for performing according to 1st Seller mandates; however, 3rd Sellers, being human, tend to modify or ·customize 
company decisions. The following is an abstract of how the generic exchange model is used to identify the 3rd Seller: 
1) 3rd Seller's SOY. The 3rd Seller sells the actual SOY (see 1st Seller's SOV) and the company itself (see 2nd 

Seller's SOY). 
2) 3rd Seller's Stimulus. The 3rd Seller's Stimulus 1st and 2nd Seller's Stimulus, plus, his/her own motivation 

for working (e.g., commissions, bonuses, expense accounts, base salaries, job flexibility, job mobility, 
individuality, international travel, and career opportunities). The ideas of market share, net profits, ROI, etc. 
can easily be translated for the 3rd Seller. · 

3) 3rd Seller's Organism. The 3rd Seller's Organism captures the idea of how strategy dictates get modified as 
they go through the chain of command The policies and strategic plans under the 1st Seller's Organism 

· should be the same for the 3rd Seller. However, 3rd Sellers, (again, human beings) interpret and customize 
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organism factors. 
4) 3rd Seller's Response. The i_mplementation and control system now apply to selling the actual product. 

However, the 3rd Seller may mterpret and customize these factors. 

The -Ith Seller of the HIMME 

The 4th Seller represents the individual salesperson (or international representative) selling him/herself. 
Many international marketing opportunities have been lost not because of the actual products being sold or the 
company selling the product, but because the buyer was, for any number of reasons, not comfortable with the 4th Seller. 
The following is an abstract of how the generic exchange model is used to identify the 4th Seller: 
1) The 4th Seller's SOV. The 4th Seller sells his/her exterior styling (dress and general physical appearance), 

interior styling (personality traits and characteristics), performance (how well one presents him/herself and 
the products), gas mileage (does the buyer feel that there can be a lasting relationship with the seller), 
reputation (seller's personal and professional track record), and services (will the seller ethically go beyond 
the course of duty and give an extra effort to satisfy the buyer's needs and wants?). Safety (is the salesperson 
honest and ethical?) 

2) 4th Seller's Stimulus. To be liked, respected, and trusted Market share and the other stimulus are to be 
translated in terms of how the buyers perceive all 4th Sellers. 

3) 4th Seller's Organism Each organism part of the generic exchange is to be translated into how an individual 
manage him/herseI.t: the nature of their a personal :MIS, how they analyze buyers, and the nature of their 
personal marketing strategy for each buyer. 

4) 4th Seller's Response. The implementation and control system now apply to selling the individual 
him/herself. 

The 1st Buyer of the HIMME 

The 1st Buyer is the international organization itself. An abstract of the 1st Buyer: 
1) 1st Buyer's SOV. The SOV from the buyer to the four sellers includes financial arrangements and a positive 

marketing relationship. 
2) 1st Buyer's Stimulus. The one word answers is productivity. 
3) 1st Buyer's Organism. Buyer's micro and macro-characteristics and buygrid policies. 
4) 1st Buyer's Response. To implement and control buying decision. 

2nd Buyers of the HIMME 

The 2nd Buyer represents each member of the international organization's buying center. Each 2nd Buyer 
has his/her unique buyer's stimulus, organism, and response HIMME parts: 
1) 2nd Buyer's SOV. The 2nd Buyers make financial arrangements for payment to the 1st Seller. However, for 

the 3rd and 4th Sellers, the 2nd Buyer's SOV is personal support and loyalty. 
2) 2nd Buyer's Stimulus. Each member of the buying center has a different motivation that they bring to the 

buying situation. In general, overall efficiency and productivity is most important, however, (being human) 
unique personal and professional motivations eventuate. . 

3) 2nd Buyer's Organism. Each member of the buying center is to be analyzed separately. In general, each 2nd 
Buyer will be operating under the policy dictates established in the 1st Buyer's Organism. However, (again. 

. being human) will have their unique management style, buying decision process, psychological influences. 
social influences, and information system. 

4) 2nd Buyer's Response. To implement and control buying decision. · 

The 3rd Buyers of tJ:,e HIMME 

The 3rd Buvers of the HIMME represents the customers of the 1st Buyer (i.e., derived demand). The 3rd 
Buyer's SOV and silinulus, organism, and response are similar to 1st and 2nd Buyer. 
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INTEGRATIVE AND HOLISTIC THINKING 

The first three components of the HIMME were designed to depict the "big picture" (holistic view) of the 
relationship between international sellers and buyers. The final component instructs international marketers in how 
'to use critical thinking to e."'<J)lore the dynamic interrelationship among the many SOY and SOR aspects of the 4 Sellers 
~d3 Buyers. 

The critical thinking method of integrativeness will be the primary approach used by the I-IIM:rv!E. 
Integrativeness will be used as an umbrella term to capture the thinking methods of connectiveness, if-then linkages, 
cause and effect relationships, and association. The user of the HIMME is simply to select any pair (or n-wish 
combination) of aspects outlined in the above section identifying the 4 Sellers and 3 Buyers. Obviously, there is a huge 
number of possible pairs that can be constructed from the separate parts under 4 Sellers and 3 Buyers. The pairs may 
be set up in what will be called the integrative format(<=>). Four sets of possible pairs are illustrated: 

I. pt Seller's Organism (information system)<=> 2nd Seller's Stimulus (market share) 
2. 2nd Seller's Organism (market analysis) ·<=> 3rd Seller's Stimulus (bonuses) 
3. pt Seller's SOV's <=> 3rd Buyer's Stimulus 
4. 4th Seller's Response<=> 1st Seller's Response 

The four sets of HIMME parts may be related in any manner: 1) is there any possible connection between the 
two? 2) what associative reasoning can be produced? 3) are there cause and effect linkages? 4) are there common 
denominators? 4) is there any if-then treatments to be made? 

On the other hand, paired .HIM:ME parts may be fashioned under interrogatory. Seven sets ofHIMME pairs 
illustrate how the integrative thinking process may be framed as questions: 

l. How does the 1st Seller's. market share stimulus relate to the 3rd Seller's stimulus? 
2. What's the link between 2nd Seller's MIS and the 2nd Buyer's psychographic profile? 
3. What effect does the 4 Seller's SOY have on the 1st Buyer's productivity stimulus? 
4. Why are the 3rd Seller's organism components not identical to the 1st Seller's organism? 
5. What is the relationship between the 2nd Seller's SOV's and the 1st Buyer's buygrid? 
6. How does any part of the 3rd Buyer's Organism affect any part of the 3rd Seller's Stimulus? 
7. How does the 4th Seller's management style affect the 2nd Buyer's buygrid policy of using JIT? 

As with the integrative(<=>) construction, the question format equally encourages the contemplation of 
multiple answers. 

DISCUSSION 

Globalism is heating up. All sizes and types of domestic manufacturers and service providers could 
become international organizations overnight. The purpose of this paper was to address those present and 
potential international marketers to the dynamics of international marketing by first showing the "big picture" of 
international marketing and then presenting a critical thinking process designed to both sensitize the marketer to 
the huge number of possible paired (or n-wise) integrations that exists within the big picture of international 
marketing. The act of examining possible relationships between (among) the dynamically connected pa115 of the 
international system (as depicted by the HIMME) can be used as a training tool, a brain stonning structural 
outline, and an aid in fonnulating marketing strategy for specific international buyers. Indeed, it is the 
understanding of the whole and how the parts of the whole interrelate that is the essence of global thinking. 
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. The Applicability of Natural Languages Translation Methods on Formal 
Language Translation: An ADA to C Case Study 

ABSTRACT 

Shengyong Li, Adel Ali 
Department of Computer Science 

University of Southern Mississippi 
Hatteisburg, MS 39406-5106 

A few years ago Ada programming was popular.among some influential computing organizations such as the 
Department of Defense. Yet, recently the majority of computer scientists, slowly, started to switch back to 
programming in C. This ·switch was triggered by the low speed of ADA and the lack of continuos upgrading. 
Because of the large number of programs already written in ADA, a need emerged for an automated translation 
system that can convert these programs to other languages such as C. 

Natural language and their formal counterparts share a lot of common features. Some of these features include 
syntax and semantic complexity, language vocabulary. ADA statements strongly resemble natural language 
sentences. Therefore, the same methodology used to parse natural language can be used to parse formal language. 
Since the proposed system is dealing only with pure translation, there is no need to deal with formal semantics. 
Only operational semantics, that is almost considered to be part of the syntactic definition, has to be taking in 
consideration during the translation process. The difference between Ada and C will be discussed in details and a 
new way to build the dictionary will be given. Also a powerful parser will be provided. 

INTRODUCTION 

A language is a series of symbols representing ideas of human being. A prograrrµning language is a language 
intended for the description of logic ideas. Both of them share many co·mmon features. For natural language it has 
vocabulary and grammar. For programming language those are reserved keywords and syntax rules. For both of 
them, _to express a clear idea, the good logic is needed. 

Now there already are some software tools and artificial intelligence products to translate one natural language to 
another language such as translate French to English, Spanish to English, English to Chinese. · Also there are some 
advanced technologies are used in languages' translation. So we can use those products and use those technologies. · 
In this paper we mainly discuss how to use those technologies to achieve our goal, the translation from ADA 
programs to C programs. , · 

Next the difference between the AD A programming and C programming should be carefully considered. It 
includes the difference of reserved keywords, syntax rules, semantic rules and logic. The most important part is 
how to find the features that AD A programming supports but C programming can not support and find a way to 
solve each of those. 

Natural Language translation: 

The history of machine translation was back to 1946. The original idea that machine translate from one language 
into another were feasible arose during discussion on the possible application of automatic digital computers, 
which took place in 1946. Translation, in the first place involves recognition of semantic units. It is necessary to 
render the text into a form which can be recognized and be used later. 
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The next stage in translation is the mechanized equivalent of consulting a dictionary. A mechanical dictionary 
consists of each of the invariant semantic units of a language, whose roots or affixes, together with its equivalent or 
equivalents. 

The process described above of decomposing words into their semantic units and matching these with in the 
mechanical dictionary must be undertaken for each word. Then parsing is used to parse the whole sentence or a 
block of sentence. After those steps some other analysis such as complete and incomplete knowledge, syntactic 
ambiguities analysis and coherence relation analysis are processed. So at least two parts are needed for natural 
language translation. One is the dictionary and one is the parser. For constructing a dictionary for translation from 
Ada to C the comparison in details of Ada and C must be done first. 

COMPARING ADA AND C 

Ada programming and C programming both are third generation programming. So they do not look difference 
basically. The problem is that Ada programming is developed for team programming and supporting concurrent 
processes. 

The comparison is given in name structure, control structure, data structure and syntactic structure. 

I. Name structure 
Reserved keywords 

abort 
abs 
accept 
access 
all 
and 

. array 
at 
begin 
body 
case 
constant 
declare 
delay 
delta 
digits 
do 
else 
elseif 
end 
entry · 
exception 
exit 

ADA83 
exit 

&& 
[ 1 

case 
constant 

int 

else 
else if 
} 

break 

ANSI C 
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2. Control Strudure 

There is one corresponding control structure for each control structure of Ada. 
Case .. when .. others .. end Case._ Switch .. case · 
if .. then .. else .. end if if { } else { } 
loop .. end loop while( 1) { } 
while .. loop .. end loop while( .. ) { } 
for .. loop .. end loop for( ... ) { } 

3. Data Structure 
the data structures of ADA and C 

Ada 83 ANSICC 
Boolean type NO 
Integer type int 

Float-point type float 
character type char 

String type NO 
Array type void a[ 1 

enumeration type enum 
record type struct 
access type *(pointer) 

task type NO 
fixed-point type NO 

Although ANSIC C doesn't support Boolean type and string type, those data type can easily be handle use other 
data types in ANSIC C. In C the integer is always also be used as Boolean type. If the value is O then it means false 
else it means true. C also handles string data type by using array of character such as "char a[30]" is the same as 

· "a: string(0 .. 29)". The way which ADA program declare array is different from which C does. The index of array 
of ADA can be any discrete type which includes integer and enumeration type but in C the index just can be 
integer. To handle this when a enumeration type is declared, we have to translate that type to enumeration as 
integer in C. 

4. Syntactic structures 
Ada and Care both third gem;ration programming. Ada's syntactic structure is sentence alike but those of Care 
not. So the syntactic structure is another problem for translation. For example in Ada and C: 

ADA83 ANSI C 
procedure name (parameter_list) is void name(parameter_list) 
variable declaration { variable declaration; 
begin 

end name; } 
For this part, the translation will cause ambiguities because Ada programming use C's reserved keywords as the 
variable or function or procedure name. 
Deep discussion: 
Some features that AD A programming supports but ANSI C programming does not support , such as task. 

ADA83 ANSI C 
task free package from Simtel co. 
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The others such as ADA support attributes, exception handler and Generic package. We can write C functions to 
support them. 

string a( 1.. 100) 
a'length 

char a[IOO]; 
strlen(n) 

We also need to compare each library function in ADA and check ifwe have corresponding in C library. If not we 
need to write a function to handle it. · 

IMPLEMENTATION APPROACH 

First part is building a dictionary in which there is a corresponding answer· for every translation including the 
reserved keywords, control structures, data structures, syntactic structures, library function mapping and others 
which were talked above. There are many ways to build a dictionary such as a text file, database, b-tree file and 
index-sequential file. Index-sequential file is the best choice because it is to search by using index part and the 
access of the data is fast because it is a sequoia file. If others methods are used there at least one problem for each 
choice. Text file it is very difficult to search an item. For database the access of data is two slow and for b-tree file 
the access of data is slow too. 

0 R 

integer put 

* int printf 

Second part is to write a parser to parse the program. Here is a new idea. If the parser is like a Turing machine it 
can move forward and backward. For example: 
procedure demo is 

count: integer; 
begin 

get(count); 
put(count); 

end demo; 
When "the procedure demo is" is found, the parser will just go forward till _a end demo is found. After translation 
this to C the come back and continue parse. 

CONCLUSION - · 

From above, Ada program is similar to C program in some aspects. Also there are some differ~nce be~een them 
such as data structures, library functions. Those differences can be handled by the methods which "':e discussed 
above. It is possible to write a AI program to translate Ada programs to C programs. The problem 1s how to make 
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this program work well and efficient. To prevent the corresponding database too big, the proposal of using btree 
file is given. Also to make the translator more efficient, the idea of turing machine could be adapted. If the above 
ideas are followed the translator will work well and work efficient.. 

References 
(1) RE. Bellman, Natural language translation, Clarendon Press. Oxford, 1986. 
(2) H.Hanacher. Ada Programming, Hemisphere Publishing Corporation, 1990 . 

424 



ABSTRACT 
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Mission Analysis and Planning System (MAPS) is a client/server application designed to display oceanographic 
data. The client application is comprised of an ActiveX control embedded in a web page. The control provides a set 
of interfaces that allow the user to interact with the MAPS system. The control provides the network gateway to 
several different data servers allowing access to bathymetry, coastline, political boundary, and other types of data. 
Recently, the MAPS system has been developed so that the web client can communicate with its server applications 
located on the same network sub-domain using Microsoft's Distributed Component Model (DCOM). This version 
of the system has a full object-oriented implementation of DCOM that has as a basis an abstract ServerData class 
with child classes that implement the details of each server class. The ServerData class manages what capabilities 
each server application has. This type of client/server object architecture allows any number of servers of a 
particular class and new servers of a known class can be added by simply adding a line containing the machine ID 
and network path of the location of the new server application. This side steps the hassle of having to run the 
DCOM configuration utility each time a new server application is added. With this set-up, the web client will 
automatically know where to find its servers. 

Eventually, the hope is to see this project progress to the point where the web client can "learn" how to interact 
with its servers in the most time efficient manner~ The client will need to take into consideration the location of 
each of its servers, how fast each server application can complete a given task, and network performance between 
the client and its servers. This problem falls into the Knowledge Base category and, therefore, qualifies for 
applying Artificial Intelligence (AI) to solve the problem. All of these factors can change as a function of time 
which will require the client application to query the machines hosting the server applications for system 
performance and monitor network performance. The authors envision using AI programming to take these data 
and automatically configure the MAPS system for optimal use given a user request. There are other factors to keep 
in mind. There may be redundancies of the same server application on different machines - which machine is best 
to use at the time of the request considering machine and network performance? Each user request can have much 
different server and network performance requirements. With the proper permissions on all machines involved in 
the MAPS system, this idea can be implemented by querying each machine needed for a given request for its 
performance status and how inuch network traffic there is between the client and server applications' machines. 
This information can be contrasted against these performance factors from earlier requests and a best client/server 
configuration can be "chosen". · 

INTRODUCTION 

Mission Analysis and Planning System (MAPS), is a client/server application designed to generate displays of 
oceanographic data. The client application is comprised of an ActiveX control ·embedded in a web page. The 
control provides a set of interfaces that allow the user to interact with the MAPS system. The control provides the 
network gateway to several different data servers allowing access to bathymetry, coastline, political boundary, 
sound speed profiles, physiographic provinces and other types of data. All server functions are encapsulated by the 
ActiveX control. Recently, the MAPS system has been developed so that the web client can communicate with its 
server applications located on the same network · sub-domain using Microsoft's DCOM. This version of the MAPS 
system has a full object-oriented implementation of DCOM that has as a basis an abstract ServerData class with 
child classes that implement the details of each server class. The web client application, therefore, no longer has to 
know what server application it is dealing with. · The ServerData class manages what capabilities each server 
application has .. This type of client/server object architecture allows any number of servers of a particular class to 
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be added to the client's list of available servers. This functionality is accomplished by creating a simple text file 
containing the status, machine name, and a string describing the server application. New servers of a known class 
,can be added by simply adding a line to this file containing this information. This side steps the hassle of having to 
run the DCOM configuration utility each_ time a new server application is addci[ Before, this utility had to be used 
to tell the client where its' servers were located. With this set-up, the web client will automatically know where to 
find its servers by reading a text file containing the server location information. 

After doing some brain storming about how a typical user would use MAPS and the architecture of the 
client/server relationships, it became clear that there needed to be some intelligence built-in to the client/server 
relationships. Eventually, ~e hope to see this project progress to the point where the web client can "learn" how to 
interact with its servers in the most time efficient manner. The client will need to take into consideration the 
location of each of its servers, how fast each server application can complete a given task, and network 
performance between the client and its servers. This problem falls into the Knowledge B~ category and, 
therefore, qualifies for applying Artificial Intelligence (Al) to solve the problem. All of these factors can change as 
a function of time which· will require the client application to query the machines hosting the server applications 
for system performance and monitor network performance. 

The authors envisions using AI programming to take these data and automatically configure the MAPS system for 
optimal use for a given user request. For example, a user request consists of displaying one or more different types 
of data for a given area. The amount of computational work and network communication needed for the request 
depends on the type of data and the size of the area. How large the area is determines the volume of display data 
generated. Therefore, the more complex data types require more CPU time. 

There are other factors to keep in mind. There may be redundancies of the same server application on different 
machines - which machine is best to use at the time of the request considering machine and network performance? 
Each user request can have much different server and network performance requirements. With the proper 
permissions on all machines involved in the MAPS system, this idea can be implemented by querying each 
machine needed for a given request for its performance status and how much network traffic there is between the 
client and server applications' machines. This information can be contraste,d against these _ performance factors 
from earlier requests and a best client/server configuration can be "chosen". · 

ARTIFICIAL INTELLIGENCE 

Artificial Intelligence background is needed to establish the reason for incorporating this kind of processing 
complexity. into the existing MAPS system. Artificial Intelligence scholars disagree on exactly what Artificial 
Intelligence is, or what intelligence is for that matter. The disagreements revolve around the scope of intelligence 
and in particular what it means to implement Artificial Intelligence paradigms in computer software. There is 
some consensus, however, that the level of Artificial Intelligence in practical_ softw~e is steadily increasing. More 
and more interest is developing for self-modifying, self-knowledgeable Artificial Intelligent software (1). 
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Software engineering problems are a subset of Artificial Intelligence problems: the subset of well-defined problems. 
Well-defined is not sufficient to characterize the class of non-Artificial Intelligence problems. For example, chess is 
a complex, well-defined game, but it is an Artificial Intelligence problem because it is both computationally 
intractable and too complex for any type of formal analysis. In other words, even though there is a well-defined 
algorithm for playing chess, time and space constraints make it impossible to ever successfully run this algorithm. 
So, one has to be satisfied with an acceptable approximation by using "heuristic" algorithms. How good the 

. approximation is depends on how well the heuristics describe the true analytically intractable algorithm. A major 
principle in software engineering holds that the specification of WHAT is to be done is most important while HOW 
it is done really does not matter. However, Artificial Intelligence is just the opposite. The main thrust of Artificial 
Intelligence is to find a useful approximation to an intractable problem. A problem that is intractable does not 
necessarily mean that it involves some stochastic process, but many of these types of problems are solved by 
assuming that the problem is sufficiently defined by a stochastic process. 

MAPS IMPLEMENTATION 

The MAPS system has a simple user interface as illustrated in the figure below. This web page is the front door to a 
large host of data and processing possibilities. Users can be trained with minimal effort and access all of the various · 
data types using any personal computer with Internet access. This system has grown so large that it has become 
necessary to use Artificial Intelligence to help manage the effectiveness of the system. 
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AI is implemented in the MAPS system with the following assumptions: . The client applications are used from 
machines that are turned off on a regular basis. The number of clients is• much greater than the number of servers. 
·The client machines are much slower than the server machines. Many clients may simultaneously access the same 
server. The size of the display metafiles for the geodetic data can be rather large. The server machines may have 
more than one data type available and there are multiple servers with the same data types on them. All of these 
factors contribute to the design of the communication architecture for the MAPS system. 

It must be understood that all AI processes are performed transparent to the · user. The purpose is to provide the user 
with his requested display data in the shortest possible time. The user selects a viewing area and data type using the 

. clie_nt applications web based graphical user interface. This is defined for future reference as a user request. The 
figure below lists some important terms. 
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From this moment on, the AI takes over and determines which server machine is best to use at that given time for 
that particular request. Which server is used will depend on network perfonnance, CPU speed, CPU usage, and what 
type of processor the server mac~es have. The client application polls each server that has the data type requested 
for the performance parameters listed above. The figure below gives a graphical representation of this process. 

Knowledge-Based Client/Server System 

Clltnt 

Application 

L■unchServtr 

Applkatlon 

Rdurn 
PtrfonDanct 
Paraatttn 

These parameters are combined with past performance information resident on the client machine to determine 
which S:erver to use to fulfill the users' request. Past performance data is kept in a file ·on each client machine about 
all the servers. Tiris data is plugged into a formula that yields a probability. Whichever server has the highest 
probability is the one that is selected to perform the users' request. 
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Computer graphics play a major role in today's computer industry. With the rapid development of more 
powerful processors, three dimensional (3D) graphics are rapidly becoming more and more a focus of 
the graphics industry. A major bottle neck with 3D graphic productions and digital artistry is the 
rendering time involved. There are several rendering methods on the market today that produce 
photorealistic computer generated 3D images of virtual environments. Ray tracing is among the top 
rated methods achieving very high levels of reality in graphical rendering. Despite the power of ray 
tracing, like all photorealistic rendering packages, it suffers from the bottle neck of the processing time 
needed for accomplishing the final product. This paper discusses some intelligent techniques for 
decreasing the processing time involved in ray tracing. We introduce a rendering approach that relies 
on ~e tracer's ability to gain insight into the environment being rendered then use that information for 
achieving more efficient results. In particular, we discuss an intelligent approach for predicting the 
initial ray count needed for starting the supersampling process for a single pixel. We also introduce a 
development erivironment where the rendered can be optimized according to different criteria. 

1. Introduction 

Through the search for more and more photorealistic 3D image renderings, several rendering concepts 
have been developed for achieving very high levels of realism. Ray tracing is among the top rated 
rendering concepts available today for achieving realistic constructions of virtual environments. To 
achieve realistic results as the ones ray tracers give us, we sacrifice high levels of system resources as 
well as the time needed for performing such complex calculations as the ones needed for such a process. 

Ray Tracing is based upon a technique that is exactly opposite to the way our own vision process 
operates. It uses a concept that is reverse of the way we are able to see objects. We are normally capable 
of seeing a surface as rays oflight originate from a light source then reflect on that surface sending these 
rays on a direct path to our retina. As there is an infinite number of light rays leaving a light source at 
any instance in time, it is impossible for us to duplicate the same process of sight in a computer-based 
virtual environment Instead, we start the scanning process from a single point in the virtual space which 
we designate as the 'Eye.' This Eye is located behind a rectanglar plane which we call the 'Plane of 
Sight" As far as we are concerned the Plane of Sight is the only part of the virtual environment that the 
Eye sees. Any object beJm:id the Eye or outside that plane is simply invisible for our rendering process. 
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Figure 1 shows an illustration o~the Eye, the Plane of Sight, and the Field of Vision - the horizontal angle 
between the left and the right borders of the plane. 

Figure 1 

Instead of receiving light rays with different colors associated with them, a ray tracer 'fires' rays from 
the Eye through each pixel in the screen plane. Each ray fired by the tracer is responsible for calculating 
information for this particular pixel and find the appropriate color to assign the pixel. The ray calculates 
its results by testing itself against each object in the scene to identify if a collision occurs. If a collision 
does not occur between the ray and any of the objects in the scene, the pixel is assigned a background 
color or a corresponding pixel color from a bitmap. On the other hancL if an object is detected in the path 
of that ray, several rays are fired from the point of intersection to further calculate other parameters such 
as· illumination, transparency, and reflection. Different weights are attributed to each ray, and finally 
their resulting colors areLcombined into the color of the original pixel. 

2. Alia~ing 

One major problem with rendering realistic images on a pixel-based display is Aliasing. This problem 
results from the pixel nature of the display plane. The smallest unit of display is a pixel which is mostly 
rectangular in shape. Since real life objects do not normally have rigid rectangular edges, yet carved and 
circular in many cases, this presents a problem. For example, the smooth edges of a sphere could have 
a jagged stair-steps appearance because of aliasing. This type of aliasing is called "Spacial Aliasing." 

Figure 2 illustrates the effects of aliasing on the presentation of curved entities on a pixel-based 
display. · 

2.1 Anti-aliasing 

A lot of research is directed towards finding 
better rendering solutions that would yield 
more realistic computer generated images. 
Among the solutions that reduces the effects 
of spacial aliasing is a method called 
"Supersampling." Instead of firing one ray 
from each pixel, this method fires several 
rays from different parts of each pixel and 

Figure 2 
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then uses the information fr?m_ all these rays to calculate the final color for the pixel. Supersampling 
does reduce the effects of ahasmg to a great extent. Several variations of the supersampling approach 
is being used and researched for minimizing the effects of spacial aliasing. As we have mentioned 
above, anti-aliasing in its simplest form relates to firing several rays through each pixel. This yields 
better •visibility' of the pixel to what it is trying to model. 

2.2 Adaptive 

Adaptive supersampling is a more defined technique that starts the sampling process in the nonnal 
manner then repeats the process for the areas which needs more exploration. This method concentrates 
the sampling in the area it is needed the most. It starts by using five rays, and depending on the results 
of these rays, the sampling is shifted to the area of the pixel where the most color variation occurs. In 
Adaptive Ray Tracing, more realistic results are achieved as the final. color calculated for the pixel is a 
better approximation for the model we are trying to represent. · 

2.3 Stochastic 
Stochastic Ray Tracing is another method for 
supersampling. This method is unique in the 
sense that it eliminates the use of a regular grid 
as a map for where to fire rays. This technique 
uses a random number generator to generate a 
location from which the next ray is to be fired. 
Toe random nwnber generator is biased so as to 
cover the whole area, yet without regular grid 
restrictions. Unlike Adaptive Ray Tracing 
which fires rays from the corners and the 
middle of rectangle being explored, Stochastic 
supersampling picks a certain number of points 
at random and fires the rays from these points. 
Once the rigid grid is elliminated, the sampling 
process follows more of an organic process for 
exploring the pixel. This method is more 
capable of simulating the virtual environment in 
a more realistic way. One difficulty with 
creating an efficient Stochastic supersampler is 
the creation of the random point generation 
engine. This engine must be capable of 
controlling the point generation process in a 
way that permits it from covering the whole 
pixel area without concentrating all the rays in 
one location and neglecting the rest of the pixel. 

3. Intelligent Supers~mpling 

Figure 3 

Figure 4 
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All the supersampling techniques we have di~cussed uses a method called '_'statistical supersampl~n~." 
This means that the tracer would fire rays and depending on their input relative to each other a deem on 
is made. That decision concludes whether or not the current results are ·good enough' for the tracer to 
move on to the next pixel or there is a need for more refinement of the sampling procedure. One thing 
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that we have found to be common among most current ray tracing approaches is how each pixel is treated 
as an individual entity. No relationship is drawn from one pixel to the next. Rays are traced from each 
pixel, a color is assigned for that pixel then the following pixel gets the focus without giving any 
attention to what has happened with the previous pixels and their associated rays. 
Th~ Intelligent Supersampling approach to Ray Tracing relies on a modification of the Stochastic 
method where a number of rays is chosen, then these rays are fired randomly through points in the pixel. 
This approach concentrates on the choice of the number of rays to be used in the sampling. The 
proposed process remembers the development of the scene rendering procedure and then intelligently 
chooses the number of rays to be used for the following pixel. 

3.1 Decision Making 

The decision making process is the heart of the approach we introduce. We discuss more efficient ways 
of making the tracer decisions. First, we need to identify the basis for our decision making process, and 
the questions that need to be answered for every iteration of the tracer. The most important question that 
the decision making function needs to answer is concerning the initial number of rays to be fired from 
the pixel of interest Next, the tracer needs to answer several questions regarding the outcome from the 
fired rays and proceed accordingly. · 
We introduce a decision making system that will go beyond the limitation of current ray tracers. Every 
piece of data that is assembled through an iteration of the ray tracer should be used for the benefit of the 
system. All current ray tracers discard the gathered information except for the information regarding the 
pixel color. We propose a method that gives the 
tracer more insight into the environment being 
traced. Information about the rendering Figure 5 
environment and its behavior should be used to ..-------~ 
better enhance the performance. This is achieved Pixel n 
through the · use of intelligent methods for # Rays : 7 
prepicting the behavior and requirements of the Difference: Low 
system. The average of all ray values, in addition 
to the differences between the values is calculated 
for each pixel. These calculations inform the tracer .-------
whether or not a need exists for further exploration Pixel n+ 1 
of the pixel. # Rays : 5 

As figure 5 illustrates, in the presented example, 
. the tracer uses seven rays for pixel n. The results of 
the calculations for these rays as well as the results 
for the previously traced pixels decide on the 
number of rays·to be used for the following pixel. 
In the presented case, the differences between the 
values of the rays were low, as a result, the tracer 
decides on a smaller number of rays to be used for 
the following pixel (n+ 1.) The same situation 
repeats itself as the differences for the ·rays of pixel 
n+ 1 are still · low causing the tracer again to 
decrease the number of rays to four rays. For pixel 
n+ 2, the differences reported were high causing the 
tracer to increase the number of rays for the 
following pixel (n+3) to 6 rays. 

Difference: Low 

Pixel n+2 
#Rays: 4 
Difference: High 

Pixel n+3 
#Rays: 6 
Difference: Low 

:-.I 
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3.2 Information Gathering 

The information gathering process is an integrated component that communicates with the ray tracer. 
It receives infonnation gathered by the tracer and updates the system knowledge base. Various pieces 
of information are important enough to be stored in the knowledge base for further retrieval. The 
knowledge base is a relational database with several tables for holding information about the system. 
lnfonnation in the database should be stored relative to real coordinates rather than pixel coordinates for 
more precision. We should store information regarding the rays fired, collision infonnation and types 
of object reacting with each ray. Such information will give the system more insight into the type of 
behavior that is to be expected from future tracing relying on previous behavior. 

Unfortunately, due to the associated memory requirements we cannot store information regarding every 
single ray. If we do so, we would need approximately eight megabytes of memory for a simple 640 x 
480 resolution image. However, we will store infonnation in the vicinity of the pixel in question. We 
have decided on storing only 10 horizontal lines of pixels preceding the line we're working on (or 
vertical lines depending on the orientation of the system. This will require approximately 163 kilobytes 
of storage. The structure of the information table is as follows: 

Field Number Type Description 

1 Long Ray ID 

2 Float X Coordinate 

"" Float Y Coordinate ~ 
~ 

4. Long Pixel Number 

5 Boolean Hit or Not 

6 Float Length Index (If Hit) 

7 Long Object ID (IfHit) 

8 Byte Color Information (Index to RGB Palette) 

Total Record Size 26 Bytes 

Number of Records 6400 

Total Space 162.5 KB 

The previous table will keep the information regarding all the rays in the vicinity of the ray we are 
tracing, and will assist the system in the decision making process. At this stage, we only focus ~n the 
primary rays fired by the tracer. Further research could investigate the inclusion of secondary rays m the 
decision making engine. 

In addition to the previous table, we need anoth~r table that will hold information regarding the pixels 

435 



· themselves as well as information regarding relationships between each group of rays fired through the 
pixel. The following table represents the structure needed for storing such information: 

r 
Field Number Type Description 

1 Long Pixel Number 

2 Byte Color Information ( for entire pixel) 
' 

" 

"' Byte Rays difference Level :, 
' , 

~ 

3.4 Decision Engine 

As we have discussed, the information in the knowledge base will be used to enhance the system's 
awareness of the rendering environment. A very important point to discuss is the interface between the 
information and the intelligent decision making module. Communication with the decision making 
procedure consists of two phases: -

• Phase 1: The tracer consults the intelligent component as to how many rays are to be fired 
initially throug~ the pixel. The decision is based upon the behavior of the previous pixels and 
their attributed rays. 

• Phase 2: After calculating the values for the initial rays, the tracer again consults with the 
intelligent component as whether or not further refinement of the pixel is needed. If the values 
for the pixel are satisfactory, the tracer moves on to the following pixel, otherwise, the pixel is 
explored further by firing more rays through areas of the pixel that need examination. 

Figure 3 - Represents the components of the intelligent tracing system. 

l 
. . · Ren~ered Image 

~'- ~ \ ~ ..... (~-..~ 

. .. 't . 
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'"-------/ ~-- --
4. Conclusion and L---~~-__:====================:;:::==========-------...a-h~-
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Future Research 

This paper discusses the design and implementation aspects of an intelligent ray tracing system for 
efficient rendering of virtual environments. This system relies on a knowledge base for storing 
information about the rendering process then accesses that information for achieving better rendering 
results. A decision engine is used to intelligently make decision regarding the needs of the following 
pixel while still maintaining the overall quality of the rendered image. 

future research includes the actual implementation of the intelligent ray tracer in a simple form that will 
help us measure performance and achieve the best design for such a system. We intend to use an object · 
oriented approach to design a class based ray tracer capable of rendering simple environments then 
expanding the decision capabilities of the tracer to use the intelligent approach. 

References 

Rajkumar, B. F. Naylor, F. Feisullin, and L. Rogers. "Predicting RF coverage in large environments 
using ray-beam tracing and partitioning tree represented geometry," Wireless Networks 2,2 (Jun. 1996), 
Pages 143-154. 

Gaudet S., Hobson R., Chilka P., and Calvert T. "Multiprocessor experiments for high-speed ray tracing," 
ACM Trans. Graph 7,3 (Jul 1988), Pages 151-179. 

Liuma K., Painter J. S., Hansen C., and Krogh M. "A data distributed, parallel algorithm for ray-traced 
volume rendering," Parallel rendering, 1993, Page 15. 

Lefer, W. "An efficient parallel ray tracing scheme for distributed memory parallel computers," Parallel 
rendering, 1993, page 77. 

437 



ABSTRACT 

A NEW DESIGN FOR THE VOLUMETRIC FILLING MACHINES 
IN THE SPACE TECHNOLOGY 

Bahador Ghahramani, Ph.D., P.E., CPE 

Engineering Management Department 
School of Engineering 

University of Missouri - Rolla 
Rolla, Missouri 65401-0249 (USA) 

E-mail: ghahrama@shuttle.cc.umr.edu 
Tel: ( 573)341-6057 
Fax: (573) 341-6567 

A new Fill by Weight (FBW) machine was designed to replace the Volumetric Filling (VF) method of 
operations. This FBW system improves the System Engineers (SE) efforts to protect the outside surface of the 
space vehicles from environmental elements in varying stages of the flight, temperature, inertia and centrifugal 
force. The new design provides a mechanism for surface coating, or spraying a layer of filler and sealer (FS) 
ingredient to protect the outside surface of the spaceship, and the space technology products (STP). The new 
design satisfies all FS conditioning process and STP protection requirements. The FBW machine also 
accurately, efficiently and effectively prepares FS according to the design specifications. 

INTRODUCTION 

The new on-site cutting-edge-technology mechanism is operated by radio frequency (RF) technology that can 
be safely and remotely controlled. It is highly maneuverable, . agile, resilient, adjustable and capable of 
operating under various environmental conditions. Alpha testing, Beta testing and actual operational data 
indicates that, in a satellite operation, the new process will ultimately provide more than 36% improvement in 
the overall throughput of the filling line, and will increase quality of the operation by more than 25% of waste. 
From all indications and scientific information, the new fully mechanized 6-head FBW machine ·will have at 
least twice the throughput of the previous design, and can generate more than 45 gallons of throughput per 
minute. 

VOLUMETRIC FILLING MACHINES 

In order to analyze the problems with the volumetric filling machines, it was necessary to analyze the process of 
volumetric filling machines in detail and with their detailed diagrams. Fig. 1 illustrates a typical filling line 
arrangement, complete with palletizer. In Fig. 1, letters A, B, C, ... correspond to main components of the 
filling line, which are described as follows: 
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Figurel, Original Filling Line Layout With 3-Head Filling Machine 

Filling Machine (A) - This included two primary actions of the filling machine: the actual filling of the 
container, and pushing the container onto the conveyor. 

It was not critical to distinguish between the two types of machines during the initial investigation, but it 
became important later on. Depending on the ingredient mixture being filled, a filling head filled between 7 and 
11 gallons of the ingredient per minute. For a 3-head· machine, this was equivalent to throughputs of 21 and 33 
gallons per minute, respectively. Not only do the various products require different filling rates, but they had to 
be pushed onto the conveyor at varied rates as well. 

Filling Operatio11 (B) - The push onto the conveyor was not necessarily the actual filling operation, per se, but 
simply the distance that the upstream container had to travel in order to clear the filling machine's push-off 
segment. The first conveyor ideally runs in the 30 foot per minute range, in an effort to minimize spillage. 
With space between containers, this was approximately 40 gallons per minute. 

Lid Operation (C) - There were several high-technology pieces of machinery involved in the lid operation that 
had to be analyzed together. They included the following pieces of machinery: lid dropper, aligner, tamper and 
inkjet printer. The machinery pieces, together, accounted for a throughput of 40 gallons per minute that was 
determined by the conveyor speed. 

Labeler (D) - A single piece of equipment, the labeler could handle approximately 45 gallons per minute. 

Bailer (E) - The bailer could attach handles to approximately 45 containers ( one gallon each) per minute. 

Case Packer (F) - The equipment, since it operates in multiples of 4 (containers per carton) could handle over 
60 gallons per minute. 

Palletizer (G) - As with the case packer, this unit could handle over 60 gallons per minute. 

Referring to Fig. 2, similar notations were used for intuitive discussions of the Intermediate, and the Final 
Filling by Weight Designs (FBW). 
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Figure 2, Final Filling By Weight Design Line Arrangement, 
Includes Spaced 6 Head Filling Machine, Dual Lid Applicators. 

N~W DESIGN PROTOTYPE 

The available Smart Engineering Systems (SES) technologies were used to simulate and design a larger fully 
automated 6-head FBW machine for a throughput of about 45 gallons per minute, which was the throughput of 
both the labeler and the bailer. The prototype studied indicated that the FBW (new machine) had twice the 
throughput of a 3-head machine, and, therefore, had a 36% improvement in the overall throughput of the filling 
line - the maximum impro_vement possible considering various limitation (e.g., space, software, hardware). In 
fact, it did, the 36% represented the limit of the other filling line components that outperformed most of 
system's components in the operation line. 

Knowing that the new FBW machine outperformed the operation · line, the system software was_ developed to 
prevent delays between various phases of the operation and to synchronize the flow of the ingredient mixture. 
Increasing the throughput and automating the process allowed the operator to remotely control the process 
while the system was performing multiple simultaneous FS operations. · 

THE NEW DESIGN 

Further · analysis of the system indicated the operation was a batch process that consisted of mixing the 
ingredients, filling the mixture in containers, moving the containers on the conveyors, processing FS, and 
recaliberating the FBW machine for the next operation. To this point, it was decided to improve the filling lines 
for the new FBW machine. However, the filling process encompassed not only the time in which the 
containers were being filled, but also the set up time. To improve the process, it was decided to consider 
"reducing or eliminating non-manufacturing procedures ... " 
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The filling operation had several set up procedures that ran between batches. The lid and carton inkjet printers 
required approximately l minute a piece to be reset and recalibrate. The labels required approximately 3 
minutes to be restocked. Finally, the filling tank (above the filling machine) and filling machine had to be 
cleaned and the new batch of FS run until clean product was dispensed. This took approximately IO to 15 
minutes per batch. Since the lines were generally run by a minimum of two persons, this meant there was a gap 
of approximately IO minutes in which the downstream portion of the filling line was idle. If we were to install a 
buffer between the lid application(s) and the labeler, the designers could make much more effective use of the 
set up period. A buffer, in our case, was nothing more than a pitched roller table. As shown in Fig. 2, the 
container holding table was set above the filling line so as to conserve space and it was served by an elevator 
and chute. 

CONCLUSIONS 

The VF machines were outdated, and could not be used properly to mix the FS ingredients exactly according to 
the design specifications. The VF also limited the overall throughput of the filling lines. The cite engineers had 
to open the containers and process the FS operations on site with various available mechanisms. This process of 
receiving containers from the manufacturer, testing them for various STP parts, and performing FS operations 
manually or with outdated machines were not only inefficient but also ineffective. 

SE designed a new FBW machine that could satisfy the STP requirements and specifications. This practical FS 
process (in a clean-room environment) has improved future of space exploration -and initiatives. This new FBW 
has also improved STP's: microscopic surface unevenness, longevity, and conductivity of the microelectronics 
parts and performance of the hardware and software. 
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Abstract 

Shared manufacturing is a growing concept in the United States. It involves the sharing of modem 
manufacturing technologies, facilities, equipment, and management systems by manufacturing organizations with 
similar needs<1

•
2>. The primary objective of the Shared Manufacturing Assistance Center (SMAC) is to help the 

manufacturing community improve their competitiveness by providing access to advanced manufacturing 
technology (AMT). With the enormous growth in automation, there is a wide variety of advanced technology 
choices that one has to contend with. In order for shared manufacturing centers to succeed, it is necessary that the 
equipment and the services: offered at the center should reflect the needs of its potential users. Although a 
preliminary configuration could be based upon a market needs assessment survey, the final configuration is 
generally constrained by the· availability of resources. Therefore, it is necessary to make rational decisions with · 
regard to the type of the services to be provided and the technology choices. Because of the uncertainties and 
intangibles involved in decision making, traditional economic analyses techniques are of little help. Multiattribute 
decision techniques such as Analytical Hierarchical Process (AHP) provide useful alternative for decision making 
in such environments. This paper describes a three level AHP model in designing services and selection of 
equipment for a shared manufacturing assistance center. AHP priorities as well as probability weighted priorities 
are calculated for a group of potential users of SMAC for a large metropolitan area in the northeastern part of the 
United States. 

Introduction 

Small and mid-size manufacturers in the U.S. continue to face competition from overseas competitors 
with respect to cost, quality, and time to bring new products into the market. One way to help the small and mid
size manufacturers overcome .these barriers is to establish industry-university-community sponsored networks of 
Shared Manufacturing Assistance Centers (SMACs) across the United States. Because of the relative novelty of 
shared manufacturing, little is known about the profile of the users and the best way to design such centers. A two 
step approach was used in this work - the first step involved establishing a profile of the potential users through 
logistic regression, and the second step consisted of arriving at the best configuration for the SMAC using the ARP 
approach. The second step, the application of ARP to configure the SMAC, is the primary focus of this paper. 

Sample and Respondent Profile 

Data to establish the profile of the users was collected from a random sample of 138 small and mid-size 
metal working organizations in the Greater Pittsburgh Area. Over 90% of the respondents were small 
manufacturers employing less than 250 employees and belonged to Standard Industrial Classification (SIC) codes 
33 (Primary Metals Sector), 34 (Fabricated Metals Sector), and 35 (Industrial Machinery Sector). The results of 
logistic regression analyses showed that the organization's intent to use SMACs is significantly related to strategic 
organizational factors (annual investment in advanced manufacturing technologies, innovativeness, plant capacity 
in use, technology transfer networks, annual subcontracting expense), perceived market complexities, and 
perceived attributes of the SMAC (compatibility, relative advantage). The logistic regression analysis gave eighty
eight percent classification accuracy for potential users and non-,users of the SMAc<1>. 
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The sample for the AHP study was selected from over thirty organizations in the study area who had 
expressed willingness to provide input in configuring the center. From this group, a sample of seven organizations 
were selected for detailed interview for the AHP study based on the availability of manufacturing managers at these 
organizations within a three week period when the study was conducted. 
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Figures la and b. Respondent Profile by Employment Size and SIC Code 

Analytical Hierarchical Process (AHP) 

Analytical Hierarchy Process (AHP) involves decomposing a complex problem into its components and 
arranging them hierarchically. Using value judgments assigned to the components, AHP determines which 
components of the problem have the highest priority. There have been a number of applications of AHP to 
decisions relating to technology evaluation and selection_o-s) The strength of the AHP method lies in its ability to 
structure a complex, multiperson, multiattribute, and multiperiod problem hierarchically. The steps for using AHP 

in a multicriteria decision making environment are briefly outlined below<4
): 

Step 1: The first step involves defining the decision problem in terms of a hierarchical structure. The overall 
objective of the problem which will be the 'mission' or 'focus' will form the top level of the hierarchy. The lowest 
level consists of the different alternatives to be considered. The levels in between consist of the various attributes 
and sub attributes affecting the decision problem. The top level will consist of only one element, and the 
subsequent levels-may contain more than one element, preferably under 9. The hierarchy should be constructed 
such that elements at a given level are of the same order of magnitude and must be capable of relating to some or 
all elements of the next higher level. 

Step 2: Make pairwise comparisons by comparing the relative contribution of each element in a given level with 
respect to specific element in the immediately higher level. The degree of preference in each pairwise comparison 
is quantified on a scale of 1 to 9 and tabulated in a matrix form. (See Table 1) 

Step 3: Obtain the relative weights or priorities of each element in a level. The relative weights are computed as 
elements of the normalized eigen vector associated with the largest eigen value of the comparison matrix. 
Standard computer programs are available to make these computations, once the comparison matrix is defined. 
This process is repeated for all levels. 

Step 4: Compute the products of relative weights of all segments in each path from the top of the hierarchy to a 
given alternative in the lowest level. The sum of these products for all possible paths gives the relative weight 
(priority) of that alternative. 

Configuring the SMA C 

The focus of the multicriteria decision problem in the study area was to configure/equip the SMAC that 
will best serve its potential users. The sample for the AHP study came from over thirty area organizations who 
had expressed willingness to provide input in configuring the center. Based on the availability of the 
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Manufacturing Manager of the organization for interview within a three week period, a convenience sample of 
seven organizations were interviewed. 

Table 1. Definitions of AHP Pairwise Comparisons 

Scale Definition * 

--

1 Equally Preferred 
3 Moderately Preferred 
5 Strongly Preferred 
7 Very Strongly Preferred 
9 Absolutely Preferred 

2,4,6,8 Compromise between two odd levels 

* Negative preferences are assigned reciprocals of the above scale. 

· A four level hierarchical structure shown in Figure2 was developed with input from area manufacturing 
organizations: The description of the hierarchy is presented below: 

Level 1: Objective: This lev~l is the focus of the decision problem. The success of the SMACs depend on how 
well the facility is designed to meet the needs organizations including the seven subjects who eventually 
participated in the AHP study. A brief description of elements of its potential users. Thus the focus of the problem 
is to establish a SMAC with services and technologies that are most preferred by the potential users. 

Level 2: Attributes : This level represents the different attributes of the SMAC of interest to the potential users. 
Five attributes - Cost, Quality, Delivery Schedule, Flexibility, and Technology transfer were identified as having 
influence over the focus of the SMAC. 

Level 3: Services: This level lists four major services that SMAC could offer in support of the elements in the next 
higher level. These services include Research, Production, Technical/Managerial Consulting, and Education/ 
Training. 

Level 4: Equipment: This level lists the equipment alternatives being considered for the SMAC. The elements in 
this level are the equipment .alternatives identified based on the market needs assessment survey. 

The data was analyzed using a standard AHP software: EXPERT CHOICE, developed by Decision 
Support.Software, Inc'. The level two priorities (priorities of criteria for using SMAC) obtained using AHP suggest 
that respondents most preferred a configuration that will help improve their quality. Other criteria in decreasing 
order of priority were: Flexibility, Cost, Technology Transfer, and Schedule. · The calculated priorities at the third 
level (priorities of services to be offered at the SMAC) indicate that assistance in the area ofresearch in 
product/process improvement was the most desired service, followed by education and training, technical 

· consulting, and production. 

Another question that was investigated was the specific technologies of interest to the subjects, along with 
their corresponding priorities. The seven technologies investigated represent the fourth level of the hierarchy 
shown in Figure 2. The individual priorities and the aggregated priorities for all the seven respondents is shown in 
Table 2. The aggregate priorities are displayed in Figure 3. Metrology was most preferred, closely followed by 
CNC and CAD/CAM. 

. ·;.., 
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[ OBJECTIVE I SMAC 
Configuration 

Figure 2. AHP Hierarchy Diagram for Selection of Services and Equipment for the SMAC 

Table 2. Priorities of Desired Equipment at the SMAC 

User Normalized AHP Priorities 

CNC CAD/ Metrology EDM ADI Mat. Hand 
CAM 

1 0.191 0.170 0.167 0.164 0.156 0.152 

2 0.198 0.161 0.161 0.175 0.153 0.153 

3 0.177 0.178 0.167 0.1~8 0.161 0.159 

4 0.158 0.187 0.230 0.156 0.138 0.131 

5 0.158 0.160 0.195 0.161 0.174 0.152 

6 0.183 0.228 0.156 0.179 0.127 0.127 

7 0.177 0.160 0.176 0.169 0.158 0.160 

Avg 0.177 0.178 0.179 0.166 0.1S2 0.148 

SD 0.015 0.024 0.026 0.009 0.016 0.0132 
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· Figure 3. Equipment Priorities Based on AHP Approach 

Probability Weighted AHP. 

All the subjects who participated in the study were not equally likely to use the center. The AHP priorities 
arrived above can be misleading, particularly when the selected subjects have low probabilities of participation in 
the center. To correct for this problem, the individual AHP priorities in Table 2 were multiplied by their respective 
probabilities of participation shown in column. 2 of Table 3. The probability of participation were derived from the 
logistic regression model defining the profile of the users. 

The average of the probability weighted priorities are shown in Figure 4. CNC replaces Metrology as the 
most preferred technology, when the priorities are probability weighted. There is no change in the order of 
priorities for other technologies. 

Table 3. Probability Weighted Priorities of Desired Equipment at the MAC 

User Prob.of Weighted Priorities 
Use 

CNC 
CAD 

Metro- EDM ADI Mat. Hand 
CAM 

logy 

1 0.65 0.12 0.11 0.11 0.11 0.10 0.10 

2 0.82 0.16 0.13 0.13 0.14 0.13 0.13 

3 0.91 0.16 0.16 0.15 0.14 0,15 0.14 

· 4 0.23 0.04 0.04 0.05 0.04 O.o3 0.03 

5 0.32 0.05 0.05 0.06 0.05 0.06 0.05 

6 0.74 0.14 0.17 0.12 0.13 0.09 0.09 

7 0.71 . 0.13 . 0.11 0.13 0.12 0.11 0.11 

Average 0.114 0.110 0.107 0.104 0.096 0.093 

SD 0.05 0.05 oms 0.042 0.016 0.040 

446 



CNC 

CAD/CAM 

METROLOGY 

EDM 

ADI 

MAT.HANDLING 

: ............ ,...........: ......................... ............ ···········: ················· .. ·······~ 
0 .05 0 .1 0 .15 0 .2 

Figure 4. Equipment Priorities Based on Probability Weighted AHP Approach 

Discussion and Conclusions 

Multiattribute decision techniques such as Analytical Hierarchical Process (AHP) provide useful 
alternative for decision making in environments involving intangibles and uncertainities. A three level AHP model 
is described in this paper to assist in selecting the services and equipment for a shared manufacturing assistance 
center. AHP priorities as well as probability weighted priorities are calculated for a group of potential users of 
SMAC for a large metropolitan area in the northeastern part of the United States. The results of the probability 
weighted AHP model provide accurate and consistent customer priorities for the services and the equipment for the 
SMAC. These priorities can be used as the basis for arriving at the final configuration for the SMAC. 
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Optimal Spares Pool Inventories of Low-Demand Repairable Items 

Margaret K. Schaefer and John H. J?rew 

Department of Mathematics, College of William and Mary, Williamsburg, Virginia 

ABSTRACT 
Existing spares allocation models ignore the considerable fixed charge for spares pool set-up and mainte

nance, and generally result in too many spares pools. The model presented here incorporates fixed charges 
and allocates low-demand spares among a given set of demand locations, each of which is a potential spares 
pool location. The objective is to minimize the total fixed charges, expected stockout costs and holding 
costs over all the demand locations. Both single-item and multi-item cases are considered; the algorithms 
presented yield optimal solutions and have the desirable computational efficiency of marginal analysis. If a 
budget constraint on holding costs makes the optimal point unattainable, an approximate solution to the 
constrained problem may be obtained. 

INTRODUCTION 
The problem considered here is that of determining the optimal location and initial provisioning for 

spares pools of low-demand items among a given set of demand locations. The objective is to minimize total 
fixed charges, expected stockout costs and holding costs per unit of time over all the demand locations. A 
modified problem, minimizing total fixed charges and stockout costs subject to a budget constraint on total 
holding costs, is also solved. 

The fixed charge for setting up a new spares pool or modifying an existing one to accept items of a new 
type includes the prorated capital costs of the structure, the cost of personnel to maintain the spares pool 
and physically replace the spares, and the cost of utilities, insurance, etc. per unit of time. Inclusion of the 
fixed .charge in the allocation model will tend to result in fewer, larger spares pools. 

As an example of an application, consider initial spares provisioning of avionics control systems, presently 
being developed by NASA, for on-board use in future commercial aircraft. Spare parts are typically modules 
containing several computer components, such as CPU's, memories, and buses. If a spare is required at an 
airport and is not immediately available, a flight delay or cancellation will occur because fully operational 
control systems will be required for all flights. 

There are several factors to consider in initial spares provisioning for this application. The spares will 
be -expensive, resulting in a high holding cost per spare. Delay and cancellation costs will also be high 
if a spare is not available, either because there is ·no spares pool at the airport or because the supply of 
spares is · temporarily depleted at the time of the demand. Spares pool fixed charges per unit of time are 
also · high because the spares require an environment of controlled temperature and humidity, and because 
replacement of a failed unit by a spare must be done by an FAA-certified repairer. Fixed charges will be 
higher for airports which currently have no spares pool. For some airports, the fixed cost could exceed the 
potential reduction in stockout cost. No spares should be stocked at those ~irports; instead, each demand 
should be treated as an emergency maintenance incident, possibly resolved by flying in a repairer and the 
required part from another airport . 

To our · knowledge, even though spares pool fixed charges may represent significant costs, they have 
not been considered in other inventory allocation models, although fixed charges have been considered . in 
some multi-activity location models, as in Akinc [1], and Neebe and Khumawala [11] . We develop a single
echelon model assuming Poisson demands, no backordering, and significant spares pool fixed charges. Both 
single-item and multi-item situations are considered. Recent articles involving inventory allocation for low
demand items have emphasized other important aspects of inventory management, especially determination 
of optimal provisioning at each echelon of a multi-echelon system, as in Muckstadt [7], [8], [9], Lee [5], Graves 
[4], and Cohen et al. [2], but in most of these models, only one type of item is considered. · 
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SINGLE-ITEM CASE: MODEL AND ALGORITHM 
We assume that items are expensive and experience low demand rates, as in the application referred to 

above. Under those conditions, an appropriate model for their inventory behavior is an {S - 1, S) queueing 
model with no backorders, which assumes the following: 

1. Demands for spares at location i follow a simple Poisson distribution with rate Ai spares per unit of 
time; 

2. Each time a spare is released, a replacement spare is ordered. It arrives at location i after a resupply 
time that has an arbitrary probability distribution with mean T;; 

3. Each unmet demand at location i is handled with expedited repair or borrowing, not backordered, and 
results in a stockout penalty cost of $Li, Hence, mathematically, unmet demands are treated as "lost". 

Additional assumptions of this model are: 

4. A fixed cost of $Ki per unit of time is assessed whenever a positive number of spares is placed at 
location i; 

5. A holding cost of $H per unit of time is assessed on each spare allocated. It consists of acquisition 
costs, prorated over the expected useful life of the spares, and opportunity cost of capital, as well as 
handling, insurance, and other direct costs. 

The problem of determining the optimal number and sizes of spares pools to minimize total fixed costs, 
holding costs and expected stockout costs per unit of time may be written as (Pl). 

(Pl): Finds= (s1, s2, ... , sm) to minimize C(s) where 

m m 

C(s) = L Ci(si) = L[I<iYi + H Si+ li(si)] 
i=l i=l 

{ 
0 

Yi= l 
if Si = Q 

if Si > Q 

and where Si is the number of spares stocked at location i, and Ii (Si) is the expected stockout cost per 
unit of time at l_ocation i. Letting Pi(si) be the steady-state probability of having no spares available at 
location i (because all Si spares are in transit or at the repair shop), we can write Ii (Si) = Li Ai Pi ( si). Under 
assumptions 1-3, Pi(si) is given by 

which represents the probability of Si events in the truncated Poisson distribution. 
Consider a simplified version of {Pi), obtained by setting all Ki = 0. Since each li(si) is decreasing and 

strictly convex [13], this simplified problem can be solved easily through marginal analysis, allocating spares 
one by one to the location where the marginal benefit is largest. The marginal benefit of an additional spare 
is the reduction in expected stockout costs, fi(si) - li(si + 1). Further allocation is unprofitable as soon as 
the maximum marginal benefit is less than the marginal cost, H. For each number of total spares in the 
system, marginal analysis [3] generates an allocation vector which minimizes total cost. 

Problem {Pl) can be solved with a one-pass algorithm, a variant of marginal analysis. Standard marginal 
analysis cannot be used because the inclusion of the fixed cost Ki may cause f;(si)+KiYi to be nonconvex at 
Si = 0, when Yi jumps from O to 1. Because of this, one-by-one allocation of spares does not generally yield 
optimal solutions. Instead, in our method each spares pool is opened with a group of qt spares. To deal with 
the nonconvexity of the function between .0 and 1, the convex minorant [3] of the function is constructed. 
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.Geometrically, q7 is the Si value of the first point (si, Ci(si)) reached by a ray from (0,li(0)) sweeping 
counterclockwise: It can be shown that q7 is that number of spares which maximizes the average net benefit 
per spare, Bi(qi) , where 

Since it can be shown that the first relative maximum value of Bi (qi) exists and is the global maximum, 
a, straightforward search for q7 starting with qi = 1 can terminate whenever average net benefit starts to 
decline, i.e., when Bi(qi) 2:: Bi(qi + 1). · 

The following algorithm yields a solution to (Pl). 

Algorithm 1. 

O. If /i (0) ~ Ki for any i, remove location i from the set of potential spares pool locations. 

1. For each potential spares pool location i, find the smallest positive integer q7 such that 
Bi(ql) = max {Bi(qi) : qi > 0} 

2. Renumber them locations such that Bi(qi) 2:: B2(q2) 2:: . . . Bm(q:n). · 

3. Set t = 0. (t is the n~mber of spares currently allocated.) 
Set p = 1. (p - 1 is the number of spares pools currently established.) 
Set s0 = (s1, s2, . . . s~) = (0, 0, .. . , 0). ((st = Si, st, ... s~) is an undominated allocation vector fort 
spares as defined later.) 
Set Di= Bi(q;) for i = 1, 2, ... m. 

4. Find the smallest integer w such that Dw = max { Dj : 1 ~ j ~ p} 
If Dw -< H, go to step 5. 
Ifs~ = 0, set v = q:U and increment p by 1. Ifs~ > 0, set v = 1. (v is the number of spares being 
added to the current allocation at spares pool w). 
Increment the value oft by v. 
Set st = i-v + vew, where ew is the wth unit vector. 
For j = w, redefine Dj so that Di= /j(sj) - /j(sj + 1). 
Return to step 4. 

5. Terminate. The current allocation vector st is optimal. 

It is instructive to compare Algorithm 1 to marginal analysis [2]. Computational requirements are still 
minimal. Instead of comparing the marginal benefit to the marginal cost of each individual spare, the 
maximum average net benefit per spare of q; spares, _Bi(ql), is compared to the marginal cost H '. A spares 
pool will be opened with a group of spares. Of course, once a spares pool has been opened, further spares 
are allocated singly at that location, so only the usual marginal benefit is relevant then. 

Let S be the set of allocations produced by the algorithm in the process of generating an optimal allocation 
m . 

vector for (Pl). Then if st E S, I)! = t, th·at i~, st is an allocation of exactly t spares. Theorem 1 states 
i=l 

that st is ·an undominated allocation oft or fewer spares, that is, allocating fewer spares cannot result in a 
lower value of C, while Theorem 2 ~serts that Algorithm 1 always results in an optimal solution of (Pl) . 

m 

Theorem 1: For each st E S, there does not exist any other vector s such that C ( s) < C ( i) and E Si ~ t. 
i::l 

Proof: Omitted because of space limitation but available from authors. 

Theorem 2:, Algorithm 1 produces an optimal allocation for (Pl). 

Proof: Omitted because of space limitation but available from authors. 
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Remark 1. Consider the infinite set of undominated allocations, S0 = {st}, generated by the algorithm when 
His set equal to 0. Although the algorithm does not provide undominated allocation vectors for all possible 
numbers of spares (since a group of spares is allocated when a new spares pool is opened), an optimal solution 
of (Pl) is contained in S0 for any positive value of H. Conversely, every allocation st E So is an optim~l 
solution for (Pl) for some range of H values. For H sufficiently large, s0 = (0, 0, ... , 0) is optimal. Let Df» 
denote the /h Dw generated by Algorithm 1. The lh allocation vector generated by the algorithm is optimal 
for (Pl) for all values of H, nt-1 ~ H ~ iJi, where s0 is the first vector generated by D 0 = oo. 

Thus, when {Pl) has been solved using a given value of H, the optimal allocation vector for (Pl) using 
any larger value of H has also been generated by the algorithm. This fact provides useful sensitivity analysis 
information with regard to changes in H, which may be relevant when the actual value of H is unknown or 
uncertain. 

EXTENSION TO MULTI-ITEM CASE 
In most realistic provisioning contexts, there are many types of items to be allocated. For the fixed 

charge model to be of practical importance, the case where many types of items are to be allocated must be 
considered. It is clearly incorrect merely to solve (Pl) repetitively for each type of spare. It may be that no 
single type of item generates enough benefits to justify establishing a given spares pool but that a group of 
diverse items would justify it. 

Assume that there are n distinct types of spares, each with a holding cost Hj . Let /ij(Sij) represent 
stockout costs at location i as a function of the number of spares of type j there, Sij, that is, /ij ( Sij) = 
LijAijPij(Sij)- Then the multi-item allocation problem may be formulated as (P2). 

(P2): Find m allocation vectors Si = (Sil, Si2, . . . Sin) to minimize 

f C,(s,) = f {· [i)J.;(s,;) + H;s,;]] + Ki Yi} 
1=1 1=1 J=l 

where 

Yi=\: 
n 

if 2::>ij ·= Q (i.e., if Si = (0, 0, ... , 0)) 
j=l 

otherwise 

The algorithm to s~lve (P2) is a conceptually straightforward extension of the algorithm for (Pl). An optimal 
group of spares to open each spares pool i is determined by a procedure justified by Theorem 3. A subset of 
the locations is opened, and their optimal group of spares allocated. Subsequent spares are allocated one by 
one to the opened spares pools by marginal analysis, until additional spare are no longer justified. Details 
about Algorithm 2 are available from the authors. 

Remark 2. Although the algorithms for (Pl) and (P2) are conceptually similar, the holding cost H entered 
Algorithm 1 only as a termination point whereas the costs { Hj} enter Algorithm 2 at each calculation. 
The difference arises because Algorithm 1 allocates by marginal benefit and terminates when marginal cost 
exceeds marginal benefit at all locations, whereas Algorithm 2 allocates by benefit-cost ratio and terminates 
when this ratio is less than 1. The involvement of the costs Hj at every step of Algorithm 2 means that 
sensitivity analysis cannot be accomplished for (P2) as easily as for (Pl). 

The procedure used by Algorithm 2 for determining an optimal set of spares to open any spares pool is 
justified by Theorem 3. Algorithm ·2 generates the smallest possible set of spares at location i that satisfies 
the necessary conditions of Theorem 3. Since any larger set satisfying the necessary conditions of Theorem 
3 would necessarily have a net benefit per dollar less than or equal to that of the generated set, Algorithm 
2 produces a set of spares whose net benefit per dollar is as large as possible. 

Theorem S: Let Q be a set of spares which has .the largest possible net benefit per dollar, 13•, at a given 
location. Then the benefit p~r dollar for any spare in Q is ~ 13•, and the benefit per dollar for any 
spare not in Q is ~ 13• . 
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Proof: Omitted because of space limitation but available from authors . 

BUDGET CONSTRAINT FORMULATIONS 
In some applications, particularly in military contexts, a fixed maximum holding cost budget $M · is stip

ulated. Then the appropriate modifications to problem {Pl) and {P2) result in {P3) and {P4), respectively, 
' for the single-item and multi-item cases. .. 

(P3) : Finds= (s1, s2, . .. , sm) to minimize C(s) where 
m 

C(s) = Lfi(si) + I<iYi 
i=l 

m 

s.t.LHsi~M 
i=l 

Yi= { ~ if Si = 0 
if Si > 0 

The multi-ite~ case can be formulated as (P4): 

(P4) : Find m allocation vectors Si= (si1, Si2, ... Sin) to minimize 

f ci(si) = f { [t li;(si;)] + I<iYi} . 
1=1 i=l J=l 

m n 

s .t. LL HjSij ~ M 
i=l j=l 

and 

n 

l O if 

Yi = 1 otherwise. 

LSij = 0 (i .e., if Si = (0, 0, ... , 0)) 
j=l 

Although both {P3) and {P4) could be solved by dynamic programming, marginal analysis is much more 
efficient, especially for large m and n. Modifications of Algorithms 1 and 2 to solve {P3) and (P4) are 
available from the authors. 

CONCLUSIONS 
The ·models developed here use modifications of marginai analysis to incorporate spares pool fixed charges 

in single-echelon inventory allocation models for low-demand items. The algorithms developed are based on 
marginal analysis and are extremely efficient, even for lar_ge numbers of items. Future research may _expand 
this model to the multi-echelon case. 
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This paper uses a mathematical programming approach to help decision making for maintenance and production 
scheduling. Both preventive and reactive maintenance strategies are considered. Various mathematical 
programming models, which take into account the interaction of the maintenance and production schedules are 
developed. The effects of equipment breakdown -- a probabilistic phenomenon - is incorporated in the models. 
The output of the models includes: 1) the incremental cost of production scheduling in the presence of preventive 
and/or reactive-maintenance; 2) the out-of-pocket costs of optimal preventive maintenance schedules; and 3) the 
expected cost of reactive maintenance. The models have the flexibility to accommodate a range of assumptions 
about maintenance related parameters. A numerical example illustrates the application of this methodology. 

INTRODUCTION 

The complex manufacturing systems in use today make production scheduling and maintenance planning a 
challenging task [18] . Maintenance, either preventive or reactive, has to be usually performed on the equipment 
during the time routine production activities also have to take place. This poses the problem of coordinating 
production and maintenance scheduling. The objective of a maintenance program is to maximize the availability of 
the production system. Preventive maintenance, however, unless scheduled during off-shift hours, actually reduces 
production system availabi~ity because of the lost production time. Depending on the product mix and the 
production schedule, there could be opportunity costs associated with the lost production time. Performing 

. preventive maintenance may also involve significant out-of-pocket costs. On the other hand, reactive maintenance 
follo~ng a breakdown would also lead to lost production time and possibly higher costs. 

In this paper the author(s) have used mathematical programming to develop a model which compares the costs of 
preventive and reactive maintenance in the context or"production scheduling. The significant features of the paper 
are the following: 1) The model incorporates the effects of maintenance decisions on production scheduling. The 
output of the model is an optimal production schedule constrained by maintenance decisions. 2) The model has the 
flexibility to consider maintenance decisions for more than one production alternative as well as over multiple 
planning periods. Generally, previous studies have focused on a single production alternative. 3) The effects of 
equipment failures is integrated in the mathematical programming model. Commonly, simulation and probability 
modeling approaches have been used in maintenance research. 4) Using the model developed in the paper, 
solutions can be more easily obtained relative to other approaches (e.g., simulation) to the problem. 

LITERATURE REVIEW 

Studies on maintenance can be grouped into three main categories. Simulation studies [2, 5, 15, 17, 11, 22], 
generally simulate production systems, with a set of assumptions, to obtain a "good" maintenance schedule~ which 
may not,be optimal. Optimization studies [l, 6, 9, 14, 16, 19, 20, 21] use mathematical techniques to obtain · 
optimal maintenance schedules in terms of cost, downtime, or failure rate. Optimal maintenance strategies are 
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obtained by minimizing total cost, maximizing availability, and optimizing other objectives of interest. In a recent 
survey study of problem formulation and optimal solution methods of preventive maintenance scheduling, 
Gallimore and Penlesky [10] concluded the following: (a) that preventive maintenance scheduling presents a major 
optimization problem; (b) that maintenance scheduling is a large-scale, stochastic optimi?.ation problem with 
several constraints; (c) that it is inconclusive whether heuristics or mathematical programming is more appropriate 
for maintenance scheduling; and (d) that some studies still formulate variables deterministically. Information 
system-based studies [3, 4, 8] consider the use of expert systems, decision support systems, and traditional 
information systems to plan maintenance schedules. Information system-based methods may not provide optimal 
schedules, but they are easier to use than the other methods. · 

Gallimore and Penlesky [10] maintain that preventive maintenance cost usually increases as the reactive 
maintenance cost decreases and that maintenance management policy should be to develop a maintenance mix that 
balances the two effects, which is where the total maintenance cost is at its lowest. One of the features of the 
mathematical model is that it permits the cost evaluation of preventive and reactive maintenance mix. 

PateCornell et al., [17] used a Markov process to simulate four maintenance policies of production systems that are 
likely to deteriorate over time. Of the many studies on preventive maintenance, only a few consider production 
planning and maintenance scheduling simultaneously [19, 5, 12]. Bannerjee and Burton [2] simulated four 
distinct groups of machines in a job shop environment where machines are subject to failure. 

MODEL DESCRIPTION 

Model 1: Baseline Production Scheduling Model 

The baseline production scheduling problem is modeled as a linear programming problem. The objective is to 
minimize the total relevant costs of production . 

. Minimize L L L ajk Xuk 
i j k 

Subject to 

l: Xuk + Iij-1 - Lj = Du 
k 

l:XPMjk2:n 

1 Si Sn 
1 Sj Sm 
1 SkSK 

Where Cjk is the per-unit relevant cost of producing item i, 1 < i <n in period j, 1 s j s m on machine k, 1 ~ k ~; 
Xijk is the decision variable, the number of units of product i, 1 s i s n to be produced in period j, 1 s j S J, on 
machine k; Ajjk is the per-unit requirement for resource k in period j for producing product i, and bjk is the number 
of hours of production resource k (machine or workcenter) Is ks K, available in periodj. Additional constraints 
relating to demand {Dij) and inventory adjustment (lij) must be added to complete the basic scheduling problem. 

Model 2: Production and Preventive Maintenance Scheduling Model 

This is a mixed integer linear programming model. It is also a fixed charge type model with fixed cost for 
preventive maintenance 
Minimize l:. l: l: Qjk X_ik + l: l: CPMjk XPMjk 

i j k j k 

Subject to 
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:E X.ik + lijk-1 + lij = Oij 
k XPM.ik=0,l 

1 :s;j s n 
lSkSm 
1 Si SK 

Where CPM.ik is the out-of-pocket cost of performing preventive maintenance on resource k, 1 s k s K in period j, 
I sj s m. XPMjk is the 0 I integer variable for performing preventive maintenance on resource K in period j. 
PM; k is the time it takes to perform preventive maintenance on resource k in period j. The other notation remains 
the same as in the baseline model. The constraint S; XPM; t ~ n means that preventive maintenance must be 
performed on resource k at least n times during the m planning periods, I s n s m. 

Model 3: Reactive Maintenance and Production Scheduling Model 

This is a linear programming model. 
Minimize L L L Cuk Xijk 

i j k 

Subject to 

L Xijk + Ljk• l - Lj = Oij 
k 

Is isn 
I sjsm 
1 Sj SK 

Where ej t is the expected time lost due to breakdowns, ejk = Pjk (BM.ik). Where Pjk is the conditional probability that 
there is a breakdown of resource k, I < k < K in period j, 1 s j s m, BM.ik is the time to perform reactive 
maintenance on resource kin periodj. This includes the time to respond to the breakdown and the time to repair. 
The total expected cost of reactive maintenance for all k resources over all J periods is given by :E :E PJ1c (CRMjk). 

j k 

Where CRM.ik is the cost of reactive maintenance on resource k in period j. The total expected cost has to be added 
to the cost (objective function value) of the optimal production schedule. The expression for the conditional 
probabilities of breakdown of tJie resource in any period given that it has not failed in the previous is a random 
variable that has a Weibull probability density, f(t) = µ b tl>-1 exp ( µ tb) fort 3 0, whereµ is the scale and bis the 
shape parameter of the Weibull distribution. The Weibull distribution is commonly used in modeling the 
probabilify density for the time to failure because it covers many shapes of distribution [ 13]. 

Model 4: Preventive.Maintenance, Reactive Maintenance and Production Scheduling Model 

This is a mixed integer linear programming model which takes into account the restriction that preventive 
maintenance cannot be performed in certain periods. In those periods, the probability of breakdowns is taken into 
account and the available hours are reduced by tl)e expected time lost due to reactive maintenance.· It is assumed 
that in the periods where preventive maintenance is scheduled, there will be no breakdowns. The set of periods j , I 
sj s mis partitioned into two mutually exclusive subsets ml and m2. In periods belonging to ml, 1 sj s ml 
preventive maintenance can be scheduled but it cannot be scheduled in periods belonging to m2, I s j s m2. The 
expected time lost e; t applies only to periods in m2 when breakdowns can occur. The objective function is: 
Minimize :E :E :E Cut Xvt + :E :E :E Cut ~ + :E :E CPMjk XPM.ik 

ij k i j k j k 

Subject to . ,J 
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l:XPM.ik~n 
j 

l: Xvt + lu-1 - lij = Du 
k 

XPM.ik= 0,1 

1 ~jl ~ ml 
1 ~jl ~ml 
1 ~j2 ~m2 
1 ~l ~m 
l~k ~K 

MULTISTAGE PRODUCTION AND MAINTENANCE SCHEDULING PROBLEM 

In order to illustrate the application of the models developed in the paper, the following multistage production and 
maintenance scheduling problem from Bradley, Hax, and Magnanti's Applied Mathematical Programming, 
Reading, MA: Addison Wesley, 1977, pp. 229238, will be used. An automobile tire company has the ability to 
produce both nylon and fiberglass tires. During the next three months they have agreed to deliver tires as follows: 

Date Nylon Fiberglass 
June 30 4,000 1,000 
July 31 8,000 5,000 
August 31 3,000 5,000 
Total 15,000 11,000 

The company has two presses, a Wheeling machine and a Regal machine, and appropriate molds that can be used 
to produce these tires, with the following production hours available in the upcoming months: Wheeling: 
June=700, July=l,500, and August=l,000; Regal: June=l,500, Jully=400, and August= 300. The production rates 
for each machineandtire combination, in terms of hours per tire, are as follows: nylon, Wheeling Machine= 0.15, 
Regal Machine=0.16; fiberglass, Wheeling Machine= 0.12, Regal Machine= 0.14 . 

. The relevant costs of this production scheduling problem include operating labor, supervision, an_d one-half the 
overhead charges and total $5 per operating hour, regardless of which machine is being used or which tire is being 
produced. Since the operating speeds are different for each machine and tire type, the contributions are found by 
multiplying $5 times the machine/time speeds. The L.P .. setup for Model 1, the Baseline Production Scheduling 
Model is as follows: NRl, NR2, and NR3 are the nQtations for the variables representing the number of units of 
nylon tires produced on the Regal machine in periods 1, 2, and 3. NWl, NW2, and NW3 are the number of units 
of nylon tires produced on the Wheeling machine in periods 1, 2, and 3, respectively. FRl, FR2, and FR 3 are 
respectively the variables representing the number of units of fiberglass tires produced on the Regal machine in 
periods 1, 2, and-3. FWI, FW2, and FW3 are the number of units of fiberglass tires produced on the Wheeling 
machine in periods 1, 2, and 3, respectively. The variables representing INl, IN2, IN3, IFl, IF2, IF3 are the 
variables representing end-of-the-period inventories for nylon and fiberglass tires in periods 1 (June), 2 (July), and 
3 (August). Given the inventory carrying cost of$.10/tire per month, we have this objective function for 
minimizing costs: · 

3 
Min (Z) = l: (.75 NWi + .80 NR. + .60 FWi + .70 FR+ ~10 INi + .10 IFi) 

i=l 
The two types of constraints in this problem are production capacity and demand requirements in each month. The 
capacity constraint for the Wheeling machine in June is: .15 NWl + .12 FWl ~ 700; while for the Regal machine 
in June we have: .16 NRl + .14 FRl ~ 1,500. The production constraints for July and August are: .15 :NW2 + .12 
FW2 ~ 300; .15 NW3 + .12 FW3 ~ 1000; .16 NR2 + .14 FR2 ~ 400; .16 NR3 + .14 FR3 ~ 300. 

The demand constraints for ,June for nylon tires is then: NWl + NRl - INl = 4,000 while for fiberglass tires for 
June, it is: FWl + FRI - IFl = 1,000. In July and August, these constraints are: NW2 + NR2 + INl - IN2 = 
8,000; NW3 + NR3 + IN2 = 3,000; FW2 + FR2 + IFl - IF2 = 5,000; and FW3 + FW3 + IF2 = 5,000. 

The setup for Model 2, the preventative maintenance model is a mixed linear, integer, fixed charge problem where 
MWl, MW2, MW3 are 0-1 integer v~riables for preventive maintenance on the Wheeling machine in periods 1, 2, 
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and 3 respectively, and MR.l, MR.2, and MR3 are the 0-1 integer variable for preventive maintenance on the Regal 
machine in periods 1, 2, and 3 respectively. The fixed charge for preventive maintenance is assumed to be $100 
and the time ~en for doing preventive maintenance is assumed to be ten .hours. The constraint on preventive 
maintenance variables is that it should be performed at least once for each machine during the three months. It 
could be changed to a maximum of three (once in all periods) preventive maintenance activities during the periods. 

1Jie setup for Model 2 is similar to Model 1 with the following additions. The obj~ve function includes the 
terms for the fixed charge which are: 
3 
l: (100 MW+ 100 MRi). The capacity constraints are modified by the preventive maintenance variables as 
follows: 

.15 NWl + .12 FWl + 10 MWl ~ 700 

.16 NRl + .14 FRI + 10 MR.l ~ 1,500 

.15 NW2 + .12 FW2 + 10 MW2 ~ 300 

.16 NR2 + .14 FR2 + 10 MR.2 ~ 400 

.15 NW3 + .12 FW3 + 10 MW3 ~ 1,000 

.16 NR3 + .14 FR3 + 10 MR3 ~ 300 

Model 3 is a linear-program that takes into account the effects of likely breakdowns for Wheeling and Regal 
machines during each of the three months. The expected time lost in each period for each type of machine is 
subtracted from the available hours in each period. Since the load on each machine for each period is not known a 
priori, the conditional probabilities are first computed based on the assumption that each machine will be fully 
utilized in each period. Later these probabilities are revised using the linear program optimal utilization pattern for 
each machine. If the revised probabilities do not differ very much from the original, the iterations are terminated: 
Otherwise, the revised probabilities will be used to compute riew expected lost time and the new linear program 
solved until the optimal utilization patterns lead to probabilities that do not change significantly. The details 
regarding the conditional probabilities for the Wheeling machine using Weibull parameters are: oc = .0005 and B 
= 1.2 are not shown, but for ej k the following results were obtained. 

Month Utilization in Hours Pik ei k = Pi k{30} 
June 700 .7268 22 
July 300 .5000 15 
August 1000 . 9260 28 

The time to perform reactive maintenance is assumed to be 30 hours for both types of machines. It costs $10 per 
hour to perform this reactive maintenance. The expected cost of reactive maintenance will be 300 (. 7268 + .500 + 
.9260) = $645.84. Corresponding results for the Regal machine are given below. For the Regal machine, the 
Weibull parameters areµ= .001 and B = 1.1. The total expected cost of reactive maintenance for the two 
machines is $645.84 + 619.8 = $1,265.64. 

Month Utilization in Hours Pik eik = Pik (30} 
June 1,500 .956 29 
July 400 .60 18 
August 300 .51 15 

Revised probabilities are computed using the optimal utilization of both types of machines given in the solution of 
Model 3. There is slack time for the Regal machine in periods 1 and 3 of 192.2 and 201.8 hours; respectively. 

· Wheeling Machine Regal Machine 
Month Utilization in Hours f.ik Revised in Hours f.ik 
June 678 7132 1279 .9269 
July 285 .4798 382 .5814 
August 972 . 9173 83 .1734 

The revised probabilities have not changed significantly except for the Regal machine in August. · Therefore, the 
effect on expected lost time is negligible, again except for the Regal machine in August. The new expected lost 
time is 5.2 hours. This is now subtracted from 300, the number of available hours for the Regal machine in 
August. This will not change the optimal production schedule for Model 3 because of slack time for the Regal 
machine in August. The expected cost of reactive maintenance for the Regal machine in only the month of August 
will decrease because of the decrease in the probability of breakdown. Model 4 is a fixed change mixed integer 
linear pro~ that takes into account preventive maintenance scheduling as well as the effects of reactive 

· maintenance in the month of June for both machines. Preventive maintenan~ scheduling is restricted to the 
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months of July and August. The expected lost time is subtracted from available hours for both machines in June 
using the expected lost time for June computed in Model 3. 

INTERPRETATION OF THE RESULTS AND CONCLUSIONS 

The objective function value for the optimal production schedule in Model 1 is $19,173.3340. In the case of Model 
2, the objective function value is $19,376.6680. This is the cost of the optimal production and preventive 
maintenance schedules. Since there are two preventive maintenance activities for the Regal machine in period 1 
(June) and the Wheeling machine in period 3 (August), the total cost of this preventive maintenance schedule is 
$200 at $100 per preventive maintenance activity. The cost of this optimal production schedule in the presence of 
preventive maintenance is therefore $19,376.6680 - $200 = $19,176.6680. This is only $3.3340 greater than the . . 
Model 1 baseline case result. This is because there is enough slack time available to reschedule production while 
pennitting preventive maintenance. The only change in the production schedule from the Model 1 result is in 
period 3 for nylon tires on both machines. Using the formulation in Model 2, sensitivity analysis can be 
performed to find the out-of-pocket cost due to preventive maintenance and the extra.cost of production schedules 
because of the preventive maintenance constraints. 

In Model 3, reactive maintenance and production scheduling is considered. The objective function value is 
$19,218.7500. The increase in cost of the optimal production schedule compared to the baseline case is 
$19,218.750 $19,173.334 = $45.416. The expected cost of reactive maintenance is $1,265.40 and is not included 
in the objective· function value for Model 3. However, this cost must also be taken into consideration when 
evaluating the preventive and reactive maintenance strategies. 

In the case of Model 4, the incremental cost of the optimal production schedule is $19,384 $19,173.334 $200 = 
$10.666. The expected cost of reactive maintenance for period 1 (June) when preventive maintenance cannot be 
scheduled is $218.04 for the Wheeling machine and $286.80 for the Regal machine, respectively. In this model 
.also one can go through several iterations and revise the conditional probabilities. However, the computation of the 
probabilities gets quite complicated as assumptions about utili7.ation for production and hours used up for 
preventive maintenance must be made. The effect of preventive maintenance on the probability distribution of time 
to failure must also be considered. The results of the four models are summarized in the following table: 

Production Production Preventive Expected cost 
.Schedule Cost Scheduie Cost Maintenance Due to Reactive 

Model <Baseline) {Incremental} Costs Maintenance 
1 $19,173.334 

. 2 .$19,173.334 $ 3.334 $200 
3 $19,173.334 $45.416 $1,265.64 
4 $19,173.334 $10.660 $200 $ 504.84 

It appears from the above results that reactive maintenance is costlier than preventive maintenance but this is not 
always going to be the case. Needless to say, the above results are a consequence of the particular assumptions 
about the time and .cost for preventive and reactive maintenance activities. 

SUMMARY 

In this paper, a mathematical programming framework for concurrently determining the production schedules and 
preventive and/or reactive maintenance strategies has been developed. Usually the production scheduling and 
maintenance decisions are made independently, though these decisions impact each other. One of the advantages 
of this approach is that such interactions are accounted for. Another advantage is that it provides a convenient 
vehicle for performing sensitivity analysis on production as well as maintenance and reliability parameters. The 
various cost components such as incremental cost due to the constraints of maintenance, out-of-pocket preventive 
maintenance costs and expected costs of reactive maintenance can be computed for effective decision support. The 
solutions to the p~oposed models are obtained by using standard mathematical programming solution software. 

REFERENCES are available from the primary author upon request via e-mail. 
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Abstract 

This paper presents digital signal processing (DSP) algorithms for tracking and enhancement of periodic signals imbedded in noise. 
In particular, a period synchronous wavelet transform (PSWT)-based algorithm, based on the concept of Multiplexed Wavelet 
Transform (MWT), a fast Fourier transform (FFT)-based algorithm, and a trigonometric Fourier series based algorithm, also know 
as the Fourier linear combiner (PLC) algorithm, are considered. 

I. Introduction 

Enhancement of pe_riodic or almost periodic signals in noise is of great interest in many applications. Given the apriori 
knowledge of the fundamental frequency or its estimation thereafter, one can construct adaptive signal processing techniques to 
accomplish the enhancement [l], [3] and [5]. In recent years, a technique better known as Fourier Linear Combiner (FLC) 
developed by Widrow [1] and further investigated by Vaz et. al. [5] has received considerable attention in removal/enhancement of 
periodic noise/signals. 

In the. PLC structure, the reference signal to the adaptive filter consists of a parallel bank of sin(.) and cos(.) components 
at the selected harmonics each being multiplied by an adaptive weight. Thus, given N selected harmonics, the number of the 
adaptive weights is 2N. Moreover, the adaptive filter in the steady-state acts as bandpass filter at each selected harmonic; 
However, owing to the very close resemblance of this structure to a sliding DFf [4], the adaptive scheme is considerably more 
immune to a colored interference whose frequency components are closed to the selected harmonics. 

Glover [3] also has proposed .a-structure in which a reference signal consisting in sum of sinewaves of equal amplitude 
(corresponding to desired harmonics to be cancelled), is applied to an adaptive filter whose desired signal is the noisy periodic 
signal. By ·employing a purely deterministic approach, Glover [3] has shown that the adaptive filter in the steady-state will 

-converge to a band_pass filter having the correct amplitude and phase at the selected harmonic frequencies. The bandwidth at each 
harmonic is qirectly proportional to the product of the length of the adaptive filter and step size parameter when using LMS 
algorithm. This scheme, however, suffers from two major drawbacks: (i) the length of the adaptive filter should be large enough to 

-ensure the required frequency resolution; this leads to more excess mean square error as well as to the emergence of zero 
eigenvalues; and (ii) in -the presence of interference noise whose frequency components are closed to the selected harmonics, the 

· adaptive filter's convergence to the optimum bandpass nature is severely undermined. .. · 
In this paper, a transform-domain extension of the PLC algorithm is proposed. In contrast with the fullband FLC, the 

transform domain structure makes explicit exploitation of narrowband spectral components of interest. The transform domain 
structure in turn offers further suppression of the broadband component within the signal spectrum. Moreover, owing to the 
presence of a central error in the fullband PLC, a failure to specify the correct number of harmonics would lead to interference 
noise produced by excluded harmonic components. In the transform domain structure, in contrast, we have individual errors 
associated with tap updation of each individual adaptive filer. In short, a serial adaptive structure in the fullband PLC is reduced 
to a parallel bank of single pole adaptive filters in the transform domain PLC. · 

Moreover, a PSWT-based extension of the PLC algorithm is prgposed. In contrast with the full band PLC, tht PS~T 
structure makes explicit exploitation of narrowband spectral components of interest. The PSWT in turn offers further suppression 
of the broadband component within the signal spectrum. 
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II. Adaptive Tracking of Periodic Signals 

The fullband FLC structure for the adaptive tracking of periodic signal updated by least mean square (LMS) algorithm 
provides a convenient means of cleaning each harmonic component and, as a result, enhancing the overall periodic signal. The 
signal x(n) consists in periodic (narrrowband) as well as broadband components. The output signal y(n) adaptively synthesized by 
the R,C structure is the broadband suppressed version of x(n). That is, the error signal contains only the broadband component. 
From a system point of view, the adaptive FLC structure from the input x(n) to the output e(n) is a comb filter with notches at the 
selected harmonics designated by sine and cosine rails. The LMS algorithm for upadatiort of each tap weight for the k-th harmonic 
is given as 

W 11 (n+l)= Wk (n)+ µ e(n) cos( 27tfk n) (la) 

w'.(n+l) = w'nCn) + µ e(n) sin( 27tfkn) (lb) 

where µ is the adaptive step size controlling the convergence speed of the algorithm, fk = k f 
O 

is the normalized k-th harmonic 

frequency with f 
O 

being the fundamental frequency. Moreover, it can be shown the 3-dB bandwidth of each notch at a selected 

harmonic is µ rad/sec [1], [5]. Indeed, it can be shown [5] that each notch is a second order filter. Thus, the tighter the filter, the 
stronger the noise rejection at the expense of longer convergence time. 

III. The Transform Domain Approach 

In the transform domain FLC structure, the input signal is first split into subbands each containing a specific harmonic of 
the periodic signal component of x(n). Implied in this approach is a multi-rate signal processing structure. Multi-rate techniques 
[2] offer the possibility of system identification in individual frequency bands by splitting the desired and reference signals into 
subbands via a set of filters known as analysis filters. Adaptive filters are relegated the task of tracking the spectral characteristics 
in each subband, thus, leading to a smaller eigenvalue spread and hence faster convergence speed when using LMS algorithm. 
Furthermore, since transform domain signals posses a comparatively small bandwidth, they can be down-sampled (DS) so that the 
adaptive processing can be done at a much lower rate. The transform domain output signals are then up-sampled (US) and passed 
through a set of filters know as synthesis filters in order to produce the broadband enhanced signal x' (n). 

The transform· domain structure consists in FFf and IFFT modules that respectively allow for the analysis and synthesis of 
the input signal. After performing an N-point FFI' on the input signal, the signal is then decomposed to its individual harmonics or 
subbands, where it then is passed on to single tap adaptive filters. The k-th subband single tap adaptive filer is updated using LMS 
algorithm as 

~ 11(n+l)= wk (n)+ µ xk (n) (2) 

where Xt (n) is the k-the transform domain signal consisting of the k-th harmonic component and noise. Owing to the transform 
domain nature -of the proposed structure, the . broadband noise component is filtered by the analysis section and reduced to a 
narrowband noise at each transform domain with substantially reduced average power. Therefore, each transform domain signal 
enjoys a higher signal-noise-ratio. Assuming a stationary periodic signal, the problem is reduced to estimating a constant in noise. 
Indeed, Eq. (2) demonstrates a single pole low-pass filter with a 3-dB frequency of µ. Owing to a smaller noise power at each 
subband, the step size parameter can be made significantly larger in comparison to the fullband FLC case, implying a faster 
convergence speed. Moreover, as opposed to fullband FLC, if one does not desire the enhancement of certain harmonics, the 
exclusion of these harmonics does not cause interference noise for the selected ones. 

IV. Wavelet Transform 
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The Discrete-Time Wavelet Transformation (DTWT) of a signal x(k) is obtained by projecting it over an orthogonal and complete 
set of sequences 1/f (k) , where index n represents scale and index mis associated with time-shift. The DTWT of x(k) is defined 't' n,m 
as [6]: 

N 

X ( k ) = L L X n ,m 1/f n ,m ( k ) 
n =O m 

where 

X n ,m = L X ( k ) 1/f n ,m ( k ) (3) 
k 

The discrete wavelets form an orthonormal and complete set, i.e., 

n m 

whereO ,.,= {~ 
if s= p 

otherwise· 

(4) 

(5) 

(1) 

V. Multiplexed Wavelet Transform 

· The multiplexed wavelet transform is constructed by multiplexing M identical ordinary wavelet analysis and synthesis filter 

banks (7]. Given a complete and orthonormal set of ordinary wavelets {lfln m( k J} . , we define the multiplexed 
• n=l,2, ... ;mmtttger, 

wavelet as 

~n.m./k)= LV'n,m(s)o(k-sM -q) 
. s 

n=l,2,- · · ;m=int_eger;q=0,1, ... ,M -1. 

The MWT of signal x(k) is defined as 

Xn.m.q= Lx(k)~n.m./k) 
k 

n=l,2,- ~ -;mint eger;q=0,1,- • •M -1. 
and inverse MWT is given as 

M-1 · 

(6) 

x( k )= LL L xn.m,qc;n,m,i k) (7) 
n m q=O 

The frequency spectrum of multiplexed wavelets has a multiple band comb structure at harmonics of the signal. Taking 
Fourier transform of (6), one has 

Z (ID)=e-j<q+2nm>ooq, (Mm) 
n,m,q n,O (8) . ;.-, 

If H(z) is the transfer function of a low pass filter, the filter H(zM) is a comb -filter centered at the harmonically related 

frequencies 



m=0,1,···,( M -1 )I 2. 

VI. Period-Synchronous Wavelet Transform 

We can think of the PSWT as an extension of MWT if we multiplex P ( period of a periodic signal) identical ordinary wavelet 

analysis and synthesis filter banks. Let us consider a set of finite-scale period synchronous wavelets Sn,m.q (k), n = 1, 2, · · ·, N, 
and m, q integers, adapted to the period of the signal s(k), and a set of level N scaling sequences 

t>N,m,/r)= Lo(r-q- M(k))(f)N,m(k)<p/k) (9) (9) 
k 

The finite scale period-synchronous wavelet expansion of a signal s(k) is 
N 

s( k )= Lr Lsn,m,q Sn,m,q( k) 
m.q n=l (10) 

+ GN,m,q tJN,m,q( k )} 

where sn,m,q =Ls(r)~n.m,q(r), and crN,m,q=Ls(r)i}N,m,/k) 

The scaling residue representing the average behavior is given by 

rN ( k )= La N,m,q i} N,m,q( k) (11) 
m,q 

The partial sequence defined as 

w n (k) = Ls n,m.q ~n.m,q (k) (12) 
m,q 

(11) 

(12) 

represents the fluctuations at scale 2 n local periods. The observed signal s(k) is obtained as the sum of partials and residue 
contributions: 

N 

s(k)= L wn( k )+_rN( k) (13) 
n=l 

VII. PSWT and FLC 

In PSWT, the scaling component of PSWT consists in harmonics of the periodic signal, and so it could be used as pre
processing module for Fourier linear combiner. That is, one performs PSWT on periodic signal of interest, and then the scaling 
component is passed to the FLC algorithm. 

V. Conclusion 
This paper presented developed DSP algorithms for enhancement/tracking of periodic signals imbedded in noise. In 

particular, we presented fullband FLC algorithm, FFT extension of FLC algorithm, and PSWT in conjunction with FLC algorithm. 
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ABSTRACT 

Artificial neural networks have demonstrated the ability to learn from historical data, recognize patterns, and produce 
reliable forecasts . This paper presents an introduction to the theory, history and applications of neural network technology 
and discusses how this technology was applied to the predict how well college basketball teams will do in the NCAA 
tournament. 

INTRODUCTION 

A neural network is a computer based model of the biological neural networks found in humans [l]. By feeding large 
amounts of data into a neural network, the network can "learn" how to "reason" and therefore be able to predict or suggest 
outcomes for certain situations. Relevant factors, along with historical data, are feed into the network. The network then 
"learns" the information by deciding the degree to which each factor is relevant and then produces a forecast [2]. Just as in 
hu_mans, the more experience the network has, the better the chance that it will predict the correct outcome. 

Neural Network Structure and Processing 

A neural network is comprised of processing elements called neurons (see Figure l ). Each neuron takes in inputs in 
numeric form, weights each one and performs a summation to produce a single output. This output is a comparison of the 
summation and a predetermined threshold. If the summation is above the threshold, an output signal is generated. 
Otherwise no output signal is generated or an inhibitor signal is produced. This process is analogous to the "fire" or "don't 
fire" of biological neurons [3]. 

These processing elements are organized into layers (see Figure 2). An input layer accepts the historical data, one or more 
hidden layers process the data, and then feed that information to an output layer that produces the final prediction of the 
network [ 4]. 

Inputs Weights Sum/Transfer Output 

Figure 1 
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Inputs Input Layer Hidden Layer Output Layer Outputs 

Figure 2 

History of Neural Networks 

In 1956 the first real work into exploring neural networks and artificial intelligence started at the 0-artmouth Summer 
Research Project. The idea behind simulating the process of a simple neuron was posed by Jon von Neumann in 1957. The 
first real neural network was developed by Bernard Widrow and Marcian Hoff in 1959. They developed the MADALINE 
(Multiple ADAptive LINear Elements) to eliminate echoes on phone lines. Even though this effort is now almost 40 years 
old, a version of MADA_LINE is still used today [8] . 

For over 20 years, until about 1982, the advancement of neural networks was essentially halted due to over-hyped 
expectations based on the early results. However, in a paper written in 1982, John Hopfield suggested that instead of trying 

-to exactly model the brain, neural networks should mimic the brain process to formulate practical applications. He showed, 
mathematically, how neural networks could work and what they could do. His theories and ideas brought new life to the 
idea that ~eural networks might be useful as real-world applications. Since that time numerous applications have been 
developed in industry, business, and science [12]. 

Advantages 

Neural networks are extremely robust. They can process massive amounts of data in parallel and establish patterns even in 
situations in which a set of processing rules does not exist. Neural networks also exhibit the ability to handle incomplete, 
fuzzy, or conflicting data. The neural network will adjust the weights of all the data factors to strengthen or weaken the 
weights as appropriate. Based on a set of training data, · the network will learn to recognize patterns and improve the 
prediction process [5]. 

Disadvantages 

Neural networks do have some limitations. They are not well suited for many types of tasks, such as transaction processing 
applications. They require large amounts of training and test data which might not always be available. In addition, when 
they are used, there is often no explanation facility to describe why an outcome was given [6]. 

NEURAL NETWORKS VS. OTHER SYSTEMS 

Numerous types of information systems exist including transaction processing systems (TPS), management information 
systems (MIS), decision support systems (DSS), expert systems (ES) and artificial neural networks (ANN). Each type of 

~ . 
system has an application genre for which it is best suited [ 10]. 
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TPS work well for automating repetitive tasks, such as auto~ated teller machines or sales checkout registers. The TPS 
performs a standard set of tasks based on the input. Neural networks are not appropriate for these types of applications, 
since there is no pattern recognition or predicted outcome necessary. Also, ANN have no set reasoning for the data. 

MIS report on the current status of raw data available. The reports generated in MIS can show costs, expenses, inventory, 
etc. all in a summarized form for managers. These reports do not involve prediction or forecasts so ANN would not be 
appropriate. 

DSS help organizations solve semi-structured decision problems. By using relevant data and mathematical models, a DSS 
can provide suggestions about certain situations by comparing possible solutions to the problem at hand. This "what if' 
analysis provides a mathematical explanation of how the system reached a decision. Whereas DSS have a traceable 
outcome, ANN typically do not. 

ES are driven by knowledge, and are ·excellent for closed-system applications in which inputs are complete and known 
procedures exist. ES attempt to codify the knowledge to make it useful in producing desired output. ES reason by using 
established facts and pre-established rules. ES are useful when high-level human functions such as reasoning and deduction 
need to be emulated. In addition, an ES can explain and justify its results . If an application needs an explanation of its 
results an ANN might not be most appropriate [ 11]. 

ANN are driven by data and are well suited for pattern recognition and forecasting applications. This ability to recognize 
patterns is a key reason for using an ANN. In addition, ANN can be developed in a short period of time compared to other 
systems like ES because developers only need to identify the inputs, outputs and historical data. Traditional programming is 
not needed. · 

NEURAL NETWORK APPLICATIONS 

Neural Networks In Industry 

The literature shows hundreds of examples of effective utilization of ANN technology. Some popular examples include 
Chase Manhattan Bank for loan approval and USAir for predicting passenger demand. Petroleum exploration, 
semiconductor process control, cancer screening, financial forecasting, missile guidance and speech recognition are other 
examples of applications where neural networks are increasing industry productivity and decreasing costs [12]. 

Neural Networks and Sports 

There is a lot of potential applications for neural networks in the world of sports. Before each college or professional 
season, many magazines and newspapers offer their predictions to who will win the World Series, Super Bowl, NCAA 
championship, etc. These predictions are made using past experiences and the current status of certain teams. Neural 
networks could enhance this prediction process. A neural network approach to ranking college football teams has used been 
developed [ 14] . In addition, neural networks could be used within the sport itself, for example, to predict which relief 
pitcher would be best to use to face a certain hitter, or which lineup might work best against a certain pitcher. Numerous 
other application areas exist. 

NCAA TOURNAMENT PREDICTIONS USING A NEURAL NETWORK 

At the end of every college basketball season, NCAA holds a tournament to determine the national championship. Before 
the tournament begins, various organizations release a ranking of the 25 best teams in the country. These polls are voted on 
by a number of college basketball press writers and coaches. These polls can be very subjective and skewed because of a 
positive or negative personal bias. Therefore, the number one ranked team is not always the best team and does not always 
win the national championship. A neural network system was developed to eliminate bias and predict how well a team will 
do in the NCAA tournament. · 
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The Software Environment 

The program WinNN (Windows Neural Networks) was selected for this application. WinNN is a Microsoft Windows based 
program and allows for complete design and development of a neural network. The user provides training and test files and 
can modify various aspects of the network. Changeable attributes include network size (number of layers), number of 
neurons (processing elements) on each layer, the activation function for each neuron (linear, sigmoid, gaussian, etc.), error 
target value and nois·e parameters. The program also provides a graphical display of the network layout and training 
progress. 

Data Collection 

A main ingredient in developing a successful ANN is finding a wide range of data to accurately train the ANN. A book, 
called The Encyclopedia of College Basketball, provided volumes of historical data [ 17]. Most of the data fed to the ANN 
developed came from this book. Other pieces came from various internet sites [18]. To test how well the system would 
predict how far a particular team would advance in. the NCAA tournament, we used data available for the University of 
North Carolina (UNC). UNC was selected because their basketball team had consistently qualified for the NCAA 
tournament the. past 30 years and had the largest input data set available. 

Data Categories 

The group originally identified six input data categories to feed into the ANN for each season. The six categories were: 

1. OVERALL TEAM RECORD: This represented the actual record including preseason tournaments, in conference play, 
out of conference play , and conference tournament play. 

2. CONFERENCE .RECORD: This represented the actual team record in conference play only. In this example, UNC's 
ACC record was used. · 

3. CONFERENCE FINISH: This represented the position the team finished in final conference standings. 

4. NUMBER OF ALL-AMERICANS ON TEAM: This represented the number of Associated Press (AP) first team All
Americans on the roster. 

5. NUMBER OF TOP 5 FINISHES IN TEAM CATEGORIES: At the end of each season, seven statistical team categories 
were ana~yzed. They were: 

A. Team Scoring Offense 
B. Team Scoring Defense 
C. Team Scoring Margin 
D. Team Win-Loss Percentage 
E. Team Field Goal Percentage 
F. Team Field Goal Percentage Defense 
G. Team Rebounding 

The value given to this category is the number of times a particular team finished in the top 5 in the country in these 7 
categories. 

6. SEASON ENDING AP RANKING: This represents the final ranking by the AP Top 25 Poll generated the Monday . 
before the beginning of the NCAA tournament. 

These six input categories are fed into the ANN for a particular season.,..., The output from the current ANN is a prediction of 
how far a particula,r team will advanced in the NCAA Tournament. 
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Data Preparation 

In order to feed the ANN, the data categories had to be normalized. Each category was input in~o the ANN as a decimal 
value between O and 1. For example, the 

NORMALIZED OVERALL TEAM RECORD (NOTR) was input into the ANN as the overall team winning percentage: 

NO1R = Number of total wiris / Number of total games played 

and the NORMALIZED CONFERENCE RECORD (NCR) was input into the ANN as the conference winning percentage: 

NCR= Number of conference wins / Number of conference games played 

Other inputs were normalized as well. The output of the current version predicts how many rounds a team will survive. 

The Data Set 

In order to implement this system, a set of data was used for training and a set of data was used for testing. To train the 
network, the group used the data from the 1957 - 1990 seasons in which UNC was invited to the NCAA tournament. Since 
UNC is usually invited to the NCAA tournament, there was an ample amount of data. To test the network, the group used 
the data from 1991 - 1994. 

Training the Network 

The network was set up for the six inputs and one output as described above. Training continued until an acceptable error 
level was reached. After several iterations, a network with five layers finally had an acceptable RMS. 

Testing the Network 

After training had been completed, testing was done to see how well the network could predict an output based on data on 
which it was not trained. Inputs for four seasons ( 1991-1994) were used and the network outputs compared to how far UNC 
actually progressed in the NCAA tournaments of those years. The network was able to correctly predict the outcome for the 
years 1992 and 1994 when UNC made it to the third and second round, respectively. For 1991, the network predicted UNC 
would only reach round three, while they actually progressed to round five. For the championship year of 1993 (round 
seven), the network only predicted UNC would make it to the fourth round. 

Cun-ent Modifications 

After building the network, it was decided that seve~al modifications were desired. These modifications are currently being 
added to the system . . First, instead of predicting how many rounds a team will win in the tournament, the network is being 
restructured _to predict who will win when two teams go head-to-head. This involves collecting data on each and every team 
in the tournament and before the tournament begins, conducting a simulation of each and every round, until only one team 
remains. In addition, the following inputs are being added: 

l. Strength of Schedule: The net~ork should factor in the strength of schedule using the RPI rankings. Top ACC and Big 
Ten teams usually have lower overall winning percentages than the top team from a smaller conference like the Patriot and 
Big South conferences; however, this is often due to the quality of their opponents. 

2. Strength of Conference: The RPI mathematical rankings also rank conference strength. This data could be used to further 
enhance the legitimacy of the overall team record. · · 
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Future Enhancements 

To make this ANN a better system for prediction, more data collection is needed. For instance, to accurately predict how a 
team will perform, the network will have to gain more information about the makeup of a team. Here are some additional 
data categories and types of data that could be incorporated into the system: · 

1. Coaching: The career winning percentage of the head coach of a team. 

2. Road Record: In college basketball, it is more difficult to win on the road than at home. This could be another data entry 
that might help distinguish the teams. 

3. Previous NCAA Tournament Record: It is believed that some schools play better in the NCAA tournament while others 
falter. This NCAA tournament winning perc_entage of a team could be input into the ANN. 

4. Record against teams invited to the NCAA tournament: Once all teams are invited, the winning percentage for each team 
against all teams invited to the NCAA tournament could provide valuable information. 
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ABSTRACT 

Fuzzy Logic Expert Systems as Diagnostic Tools 

Don Hoffman and Adel L. Ali 
Department of Computer Science 
University of Southern Mississippi 
Box 5106, Hattiesburg, MS 39406 . 

This paper addresses the basic considerations in the design, analysis, and Implementation of fuzzy logic expert 
systems in the medical environment as diagnostic tools 

INTRODUCTION 

Fuzzy logic has been used in a number of industrial applications, from electronic gear to automobile 
transmissions, usually in controllers. Systems that are highly complex are termed to be humanistic, and these are 
the types of systems that fuzzy logic is used to its greatest advantage. There are two primary reasons for using 
fuzzy logic in a humanistic system. First, to reduce the complexity of the input, and second, to reduce the size (in 
storage and run time) of the resulting program. The first is accomplished because either complex input is not 
needed to produce usable results, or because the input is inherently inexact. The second is possible because code 
derived from fuzzy logic is less computationally intensive than that derived using comparable non-fuzzy 
methods. [I.] 

This paper concerns another use of fuzzy logic, fuzzy expert systems. An expert system , in the simplest terms, is 
really nothing but a controller whose result is not immediately manifested. The same attributes that make fuzzy 
·systems good for controllers also make them good for expert systems. In part II I will compare fuzzy to classical 
expert systems and describe the methodology for using fuzzy logic to build a knowledge based system. This 
involves three necessary steps: building a knowledge base with fuzzy production rules, setting up a data base or 
working memory, and creating an inference engine. In part III I will look at some existing fuzzy expert systems 
and show how an existing expert system was modified to use fuzzy logic. In part IV I will consider the feasibility 
of creating a palm-top device for medical diagnosis. The model I will discuss is designed to self-administer 
psychological tests. 

FUZZY EXPERT SYSTEMS 

An expert system is a computer program that mimics the decision making capability of a human expert in a 
particular domain. (2) The expert system might be used to control some processes, give advice to non-experts, or 
corroborate the findings of other experts. The expert system is composed of at least three parts, the knowledge 
base, the working memory, and the inference engine. Optional components might include: an explanatory facility, 
an interface to mechanical device, an interface to a database, or any combination.. A fuzzy expert system is really 
just an expert system that uses fuzzy logic, fuzzy data, or both. 

The heart of the expert system is the knowledge base, which can be built using several methods. One way of 
representing the knowledge is through semantic nets. A semantic network is a connected graph composed of nodes 
which represent data, procedures, and concepts, and links which represent transitions. A second method uses 
frames. The frames are made up of slots in which a slot represents data, procedures, concepts, or pointers to other 
frames. The third method uses production rules of the type, IF ANTECEDENT TIIBN CONSEQUENT. This is 
the type of expert system that lends itself best to fuzzy logic, but a fuzzy expert system, like any other expert 

. system, might contain any combination of these methods. 

The designing ofthe knowledge base involves human_ experts in the domain and knowledge engineers. They work 
together to translate the experts' reaso_ning process into computable form. This translation is not always exact, and 
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this is just the first of several instances in the system where such imprecision occurs. [2] The experience the expert 
bases his processes on might be vague, such as , "if the pain in the lower left quadrant is severe then so and so," or 
"if the breathing is very rapid do so and so." The working memory adds ap.other layer of imprecision. This part of 
the expert system gets input from the outside, either from direct query or from a database. Such data may involve 
physical measurements which may be imprecise. Imagine trying to get the exact angle of a swaying cable or the 
exact position of a recoiling spring. A hospital thermometer is fairly accurate, but only to a degree. As we shall 
~, fuzzy sets describe such entities in a more natural fashion. 

The inference engine is the next area the knowledge engineer and expert need to address. This module takes the 
knowledge base, combines it with the working memory, and infers or computes a result. These inferences operate 
in two basic ways: from the data forward (modus ponens, or forward chaining) or from the goal backwards (called 
backward chaining, or modus tollens). X-CON, an expert system designed to configure computer systems for VAX 
computers is forward chaining , and MYCIN, a program which determines anti-biotic treatment programs, is 
backward chaining. · 

Fuzzy expert systems can be built using any combination of classical methods. The advantage of fuzzy systems lies 
in its ability to handle imprecision and uncertainty.[!] There are other methods for dealing with u~certainty. such 
as the Bayesian approach which uses probabilities, and Dempster-Shafer theory which allows for a d~gree of belief 
in uncertain data.[3] But both Qfthese require extensive computation to assign probabilities. Fuzzy logic-was 
developed by LQfti Zadeh to handle imprecision and approximate reasoning. Classical logic says something is 
either in a set or not in a set. ·rr a thing might be in the set it is assigned a probability of being in the set. For 
example, if the set_is the set of high temperatures, and the universe of discourse is 102 to 106, then a temperature 
of 103 might be in the set with a probability of0.65, and out of the set with a probability of0.35. Fuzzy logic maps 
103 into the set as a real number in the range (0,1] ... This mapping is called the membership function and the 
resulting number is called the degree of set membership.[4] According to Klir, Zadeh's logic achieves 
" ... tractability, robustness, and lower solution cost." It is also more intuitive, a valuable asset when you consider 
that experts in many domains are not mathematicians, and that the first order of business in developing an expert 
system is acquiring the knowledge base from that expert. It is more intuitive because the knowledge base is made 
up of rules constructed with linguistic variables like low and high in the following example: 

IF costs are low AND sales are good · 
THEN profits are high. 

A series of rules are developed for all contingencies. Some rules will be more important than others in forming a 
correct result. To reflect this, fuzzy expert systems give a weight (areal number in (0,1)) to each rule. 
Determining the proper weight for each rule is not a straightforward process, and there are several methods found 
in the literature. One method is to analyze the rules using dynamic simulation, in which the knowledge expert 
uses real or arbitrary input data and examines the output. The weights are then modified by hand and the process 
is repeated until the results are satisfactory.[5] Since an expert often bases his diagnosis on previous cases it seems 
clear that the data from old cases, in which the true result is known, can be used to train the rule base. A 
procedure can be written to generate inductive decision rules based on a set of example data. By iteratively testing 
the rules against the data, "bad" rules are removed.[6] Another method uses artificial neural -networks to weight 
the rules.[5] Most often, the neural network is itself fuzzy. Liu explains the advantages of using neuro fuzzy 
training: 

1) Any initial domain knowledge can be incorporated into the network prior to its 
learning and, hence, reduce the learning effort. 

2) The resulting network after learning can be interpreted by revealing the connection 
weights; this may give rise _to new domain knowledge. 

3) As a consequence of2), the network size can be optimized by pruning out those 
-connections with "weak" or "insignificant" weights. 

The fuzzy neural network is trained using standard backpropagation techniques, where the connection weights are 
changed according to the output error. This process continues until a preset minimum error rate is reached. 

The second part of the fuzzy expert system is the working memory. This data may comes from multiple sources, 
· such as user input, stored data, mechanical sensor input, input from another expert system, or .from internal 
inferences. The data is then "fuzzified", which means to be put into a fuzzy set through the use of th~ membership 
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function. For instance, consider a linguistic variable called temperature. In this variable are three overlapping 
sets: Normal, High, and Very High. If the input data is a temperature of 103 degrees, then the membership in the 
set "VERY-IDGH" might be 0.33, the membership in "IDGH" might be 0.67, and membership in "NORMAL" 
would be 0. 

The third component of the fuzzy expert system is the inference engine, whose task is to evaluate the knowledge 
base.[2) Fuzzy rules may have more than one antecedent, such as the rule, IF TEMPERATURE IS IIlGH AND 
ABDOMINAL PAIN IS SEVERE THEN ADMIT = IIlGH. The two linguistic variables, temperature and 
abdominal pain must be linked. The most common method, called aggregation, is using the MIN function. Then 
if for temperature the degree of membership in high was .64 and for abdominal pain the degree of membership was 
.29 then MIN(.64,.29) would be .29. The next step for the inference engine is to evaluate the validity of the rules 
consequent. To do this the aggregated consequent is multiplied by the weight of the rule. Then, if more than one 
rule fires for a given consequent, the max function is used to determine the final consequent. Example: rule 2 
yields ADMIT=HIGH(.25) and rule 1 yields ADMIT=IDGH(.78) then MAX(.25,.78) = .78. The whole process, 
called the MAX-MIN inference, is just one of many inference functions. Two others are GAM:MA and MIN-A VG. 
After the inference engine has evaluated the rules the output must be defuzzifled. Defuzzifying produces crisp 
output from the fuzzy inferences. There are several ways to do this, Center of Maximum, Center of Area, and 
Mean of Maximum and others. The CoM (Center of Maximum) method calculates the average of the weighted 
values for the consequent. Example: for the output variable ADMIT: HIGH is 1.0 and the inference ofIDGH 
is.61, MEDIUM is .50 and the inference of MEDIUM is .16, and LOW is .25 and the inference of LOW is 0, then 
the CoM is .80.(5) 

EXISTING FUZZY EXPERT SYSTEMS 

One of the oldest medical expert systems is EMERGE, a program designed to analyze chest pain in an emergency 
room environment. Emerge was written as a rule-based system, but the data base supported only crisp data. The 
program is now being modified to use approximate reasoning in three ways: the input which was simply 'yes' or 
·•no' is now scaled from 1 to 10, the rules are weighted so that more important rules contribute proportionally to the 
output, and the rules are modified to use fuzzy logic. -Preliminary testing shows that the fuzzified EMERGE is 
more accurate in judging borderline cases. [7] Another medical program uses ETT's ( exercise treadmill testing) to 
classify coronary artery disease. [8] Another fuzzy expert system used results from scintigrams to diagnose artery 
blockage. Scintigrams are inherently uncertain, and· the fuzzy system, using just fifteen rules in its knowledge base 
, has a performance as good as an experienced cardiologist.[6) 

A PALM-TOP DEVICE 

One of the advantages of fuzzy versus classical expert systems is the reduction of computation needed to obtain 
good results. With a fuzzy system, uncertainty is expressed as membership in fuzzy sets, which can be found with 
a simple look-up table. This is much faster and computationally economical than calculating probabilities as one 
would need to do using the Bayesian approach. Because of this, the fuzzy expert system can be implemented, 
using VLSI technology, as a small, hand-held instrument, or palm-top device(PTD figure 2). The advantages of 
such portability are obvious. One of the major factors in the relatively low usage of expert systems in medical 
facilities is convenience. Users are reluctant to retreat from treatment areas to access expert systems. Wireless 
LAN technology, using a low-level infra-red medium, would allow the user to use a palm-top device to directly 
connect to a centralized data-base. Patients identification numbers could be on bar codes, and all transactions 
involving the patient would use that number. · 

One use of such a device might be in psychological assessment. There are currently many tools called rapid 
assessment instruments (RAJ!s). RAI's are short questionairres which give a provider some baseline information 
about a clients mental state. RAI's are primarily used not for diagnosis, (although the initial result can influence 
the diagnosis) but for monitoring the effectiveness of treatment. There RAI's directed at many psychological 
problems, among them: anxiety, depression, relationship satisfaction, and of course self-esteem. The advantages 
ofRAI's are: efficiency, accessibility, disclosure, comparability, and neutrality. One of their disadvantages is their 
simplicity. [9] In order to make scoring fast and easy, it is necessary to use a limited scoring system, usually a 
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sunimation. This limits the accuracy of the assessment. ff a fuzzy system were available, the RAI could use more 
complex scoring, resulting in a more complex and accurate assessment.. For example, one such RAI is the Burns 
Anxiety Inventory.. Users are asked to do the following: Place a check in the box to the right of each category to 
indicate how much this type of feeling has bothered you in the past several days. Categories include: 

1. Anxiety, nervousness, worry or fear 
2. Feeling that things around you are strange or unreal 
12. Fears of fainting or passing out · 
14. Concerns about looking foolish or inadequate 

A fuzzy expert system could do a more accurate assessment of the answers. Rules such as: IF [14) IS IDGH AND 
[l) IS MEDIUM THEN ANXIETY IS MODERATELY HIGH could reflect known correlations between answers .. 
Another manifestation of the need for simplicity is that RAI's are not made for specific groups (ethnic, age, social
class, etc.) A fuzzy system could make this a parameter of each rule, using general information to determine the 
rules weight. The fuzzy system could be made even more accurate by training it using neuro-fuzzy methods. The 
neuro-fuzzy system changes the weights of rules and even eliminates rules that are unneeded. 

While the PTO described is for psychological evaluations, similar devices could be used for any medical expert 
analysis. With the installation of a simple infra-red satellite in each room, the PTD's could send their ¢lta to the 
central data base without any further input demands on the user. The convenience and utility of such a ~stem 
would encourage more usage of expert systems which would tend to standardize and document patient care. 

Drawing of the Palm-Top Device 

D■ ,-, IV« t..a u1c. i---•\i•• .... ~ 

QUESTION RESPONSE 

This representation of the palm-top device shows the method of input. The touch strip is labeled less on one end 
and more on the other. The user touches the strip which consists of five settings, low, moderately low, medium, 
high, and very high. 
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ABSTRACT 

AUTOMATIC CONTENT BASED DOCUMENT 
CLASSIFICATION IN CHINESE 

Y anmei Zhang and Adel Ali 
Department of Computer Science 

University of Southern Mississippi 
Hattiesburg, MS 39406-5106 

Classification of documents has numerous applications. Currently there are many methods and 
approaches used to classify documents. Content based classification, using weighted keywords to classify 
the documents is one of the most common and successful methodology used in this area. The application 
of this approach to documents written in Chinese language is hindered by the fact that many of the words 
are composed of two or more simpler words. This paper discusses the feasibility of pre-separating those 
compound words prior to the keywords extraction and weighting process. The paper also demonstrates 
the use of semantic-ruled trees · in the implementation of the proposed approach. 

INTRODUCTION 

Classification of documents has numerous applications. Manual classification is time consuming and 
prone to inconsistent results. This inconsistency is inherited in the manual method because of human 
judgment that may vary drastically from one person to another. On·the other hand, automatic document 
classification uses a predefined set of rules and protocols that can undoubtedly increa$C productivity and 
reduce the chances of inconsistent result. 

Classification is the arranging of things according to likeness and unlikeness. Likeness may be based on 
explicitly associated attributes such as mass, weight, shape, color, size and so on. It may be also based on 
the contents of documents. 

CONTENT BASED DOCUMENT CLASSIFICATION 

Classifying the document based on it's content is more complex. This level of complexity may be even 
higher if the semantic ambiguity was taken into consideration during the classification process. 
Classification based on content may use keywords to classify documents. The set of Keywords use -in the 
classification process should be limited to the smallest se.t possible while maintaining a quick and 
successful classification, search and retrieval of documents. Keywords can be found in the title, index 
keywords, or abstract of a file item of the document. The right selection of keywords can lead to· a 
successful identification and classification of documents. 

Classifying documents using keywords requires the development of weighted thesaurus. The arrangement 
of the keywords in the thesaurus is based on the principle that keyword "a" should be placed above 
keyword "b" if we would accept a document containing "b" in response to a request containing "a". An 
individual keyword could therefore have many keywords under it, either immediately or at successively 
lower levels, it could also be placed itself under any number of higher keywords, according to its different 
senses or different subject. This makes all keywords in thesaurus different. Weights can be assigned to 
these words in order to identify these differences. Each keyword should have weight and it depends on the 
relationships among the keywords. From above we can know~ keyword "b" should more weight than 
keyword "a" because when we get "b", we know that it should belong to "a", but when we get "a", we are 

. not sure whether it belongs to "b". 
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The first step is to construct the weighted keyword thesaurus. For English, it can be done semi
aut?matically. First, it n~ to be given some topic areas. In each topic area, it should be given some 
typical documents. Then it scans these documents and uses words' relationship to separate the nonnal 
words and keywords. Then on the method that we described above, it assigns the weight to each keyword. 
When it scans the documents, first, it should eliminate the very high frequency words such as "to", "in", 

"is", "are", etc. Then it should get the related words from documents. One way to find out whether two 
words are related is by looking at whether they always co-occur in same documents. If they always co
occur in the same documents with the same or similar subjects, we can treat them as equal keywords. On 
the other hand, it may be always find that word "a" occurs when word "b" occurs, but word "b" occurs not 
always with word "a". So we get two different level related keywords. Next, we should weight the 
keywords. A relative numerical weight is assigned to each of the keyword and represents the importance 
of each keyword. So this thesaurus includes all possible keywords and their assigned weights. 

Because of the complexity of natural language, thesaurus tends to grow to be too large. It is crucial that 
the size of the thesaurus should be limited to the minimum number of keywords possible. Therefore, it 
only includes nouns that determine their main subjects are included in the thesaurus while verbs, 
prepositions, adverbs, adjectives are excluded. Here we get a precisely thesaurus. 

The importance of one keyword over another is determined by their weights and appearing frequency. 
Therefore, these two factors are used to implement the classification. At first, it compares the word in the 
document with the keyword thesaurus. If the word is in the thesaurus, that means this word is a keyword, 
it can be used to classify this document. So its weight is marked and its appearing frequency is counted. 
When it reaches the end of the document, it gets all related keywords weight and their frequency. If 
different keywords have different weight or .may they have the same weight but different appearing 
frequency, it is easy to classify the document. But when different keywords have the same weight and the 
same appearing frequency, it needs to do more things to implement the classification. It should scan again 
and find the related keywords in the document from keyword thesaurus for each one. The weight and 
appearing frequency of all these keywords are used then to classify the document. 

CLASSIFICATION OF CHINESE DOCUMENTS 

If the document is written in Chinese, it is much more difficult to be classified. Unlike English, in 
Chinese there are no blanks to separate words from each other. This complicates the process of extraction 
of keywords from the document being classified. Additionally, in Chinese, combining two or more words 
makes up nouns. The replacement of one of the words in the noun could change its meaning significantly. 

RULED SEMANTIC TREE 

We propose the use a set of ruled semantic tree to overcome these problems. In our approach we use 
different rules to determine the words structure. In Chinese, two or more nouns may be added together to 
form new ones. The newly composed nouns may not have a precise meaning. The extraction of these 
composed nouns is done by examining the different semantic structures that may be associated with a 
string of words. An evaluation of each one of these structures is done to determine the length of each 
noun. For example, we have a sentence such as "abcde". In Chinese there are many kinds of methods to 
separate them, may be "ab" is a noun, "be" is a noun, and "abe" is a noun too. Assume that "abc" is the 
noun that we want to use to classify this document. Every time, we meet "ab" or "be" with "abe", we will 
eliminate "ab" and "be". So the rule for the semantic tree must recognize; them, contain the useful word 
"abc" and kick out the useless words "ab" and "be". Here we find somewhat different environment in 
constructing Chinese keyword thesaurus from constructing English keyword thesaurus. In Chinese, "ab", 
"be" and "abe" always appear at the same time, but we can't treat them as co-occur words and give them 
the same weight, Because may be they have the very different meaning or may be they have different 
strong meaning. 
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IT we use normal dictionary to create this ruled semantic tree set, we will get a very big and complex 
semantic tree._ Here we just use the keywords or the first word of the keywprds in keyword thesaurus as the 
root of the ruled semantic tree and each level of the ~, we add one word in. This way will limit the set. 
After we construct the keyword thesaurus and the set of ruled semantic tree, we can read the document 
from the beginning to end. We read one word and compare it to the set of ruled semantic tree. ff there is 
any one root of tree is the same as this word, then we can parse this tree with the ~ccessive words. Then 
we can get one keyword. Repeat this process and using the same method about classifying the English 
document, we can classify the Chinese document. 

CONCLUSION 

Classification of Chinese documents is much more complicated than alphabetic languages. Nonetheless, 
this classification can be very feasible when the appropriate set of semantic trees rules and keyword 
thesaurus are provided. In Chinese, there are 6763 nonnal words. And only about 15 % of them are 
nouns. Half of these nouns that can be the first word of the co-word in a Chinese sentence. So we can use 
these 500 words as the root of semantic trees to construct the other multi-word nouns. 
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ABSTRACT 

SHOULD HUMOR BE USED IN TRAINING? 

Kaylene C. Williams 
California State University, Stanislaus 

Humor can be an effective training tool. However, it inust be used properly. This article addresses the following: . · 
(1) what is humor, (2) why use humor in training, (3) the physical and psychological benefits of humor, (4) types 
of humor that can be used in training, and (5) how to increase the effectiveness of humor in the learning 
environment. 

INTRODUCTION 

"Why use humor in your ... classroom? Because in education, a good joke is worth a thousand words .. . and a bad 
joke is worth ten thousand words. If students remember nothing else from your class, they will remember the 
· jokes. And the worse the joke, the longer it will be remembered. This does not mean that every class should be a 
SO-minute comedy monologue or that your worksheets should be covered with cute drawings. It does mean 
engaging students in a creative and fun way in the knowledge and work of[--] .... Humor is no substitute for 
content, but it can serve as a doorway through which certain students can be introduced to the wonders of [-----]" 
(Moran, 1994 ). 

American businesses spend $30 billion annually on formal training plus $180 billion annually on informal training 
(Walter, 1995). These are large sums of training dollars, but do companies know if these dollars are producing the 
desired outcomes? The purpose of this paper is to examine one mode available for training purposes, i.e., the use 
of humor in training and education. The effectiveness of humor in training is examined via the definition of 
humor, the use and benefits of humor in training, and a description of the types of humor that can be utilized for 
educational purposes. Thereafter, a discussion of how to increase the effectiveness of humor in training is 
provided. 

WHATIS HUMOR 

According to Webster (1993, p. 498), humor is: 
"That quality of the imagination which gives to ideas wild or fantastic tum, and tends to excite 
laughter or mirth by ludicrous images or representations. Humor is less poignant and brilliant 
than wit; hence it is always agreeable. Wit, directed against folly, often offends by its severity; 
humor makes a man ashamed of his follies, without exciting his resentment. Humor may be 
employed solely to raise mirth and render conversation pleasant, or it may contain a delicate 
kind of satire." 

In general, humor is in the mind of the beholder. What is humorous or funny to one individual may not be 
humorous or funny to another individual. Humor also seems to require intelligence to decipher the use of humor. 
That is, humor appears to be a more effective tool to use with individuals of higher intelligence and educatfon as a 
fairly sophisticated level of comprehension is required (Berkman, 1997). But regardless of individual differences 
and intelligence, what makes something funny? 

"In face-to-face interactions; use and reception of humor depends on multiple situated complexities. No single 
study can adequately capture the rich permutations possible in such complex environments" (Sev'er and Ungar, 
1997). One aspect of humor is incongruity or deviation from expectations. Some argue that incongruity is a 
necessary and sufficient condition to produce humor (Suls, 1983). That is, humor often includes a turn of events, a 
tum of meaning or definition, a turn of expectation, a· turn from the normal, a tum from rationality. For example, 
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Gracie Allen turning the meaning of George Burns' words, someone sitting backwards on a horse, or Lucille Ball 
or Jitn Carrey turning to the ludicrous. Nerhardt (1970) found that the greater the unexpected deviation from 
normally expected outcomes, the greater the humor. 

Humor also can result "when incongruity is resolved; that is, the punch line is seen to make sense at some level 
with the earlier information in the joke" (Suls, 1983, 42). As such, humor is a form of problem solving wherein 
non-resolution leaves the listeners confused or frustrated because they do not "get" the joke. A humorous response 
based on incongruity resolution depends on (1) rigid resolution of the incongruity, (2J a playful and non-serious 
conte~ and (3) an appropriate mood for the listener (Suls, 1982). Suls (1983) concludes that incongruity and 
incongruity-resolution are styles of humor with the latter predominating, especially for verbal humor. 
The linguistic theory of humor posits that a verbal or written communication is considered a joke when the "text ... 
is compatible fully with two distinct scripts and the two scripts are opposite in certain definite ways such as good
bad, sex-no sex, or real-unreal" and the punch line "switches the listener from one script to another creating the 
joke" (Raskin, 1985, 34-35) The basic hypothesis is that the sudden realiution of oppositeness quickly reduces the 
tension that the listener is feeling and decreases "arousal back to baseline," creating pleasure in the process. (Suls, 
1983,44) 

Humor is universal, a part of life. "Contemporary records in the Old Testament speak of laughing, joy-and 
amusement" (Fry, 1987, 8). "Humor is ... all pervasive; we don't know of any culture where people don't have a 
sense of humor, and in contemporary societies, it is found everywhere - in film, on television, in books and news
papers, in our conversations, and in graffiti." (Berger, 1987, 6) Both traditional and more industrialized societies 
have commonplace "joking relationships" involving "joking, teasing, banter, ridicule, insult, horseplay, usually, 
but not always, involving an audience" (Apte, 1983, 185). Primates have even been observed in joking behavior 
(Fry, 1987). Contrary behavior also is seen to be universally funny, i.e., incongruent, outrageous or deviant 
manifestations of personality and behavior (Apte, 1983). However, cultures do differ in the extent to which humor 
is accepted and appreciated and in the nature of what qualifies as humor. (Alden, et al., 1993; Hanna, et al., 1984; 
Alden and Martin, 1995) For example, while Americans see little or no conflict between.humor and serious 
communication, Japanese do see a conflict, i.e., when a person tells jokes or funny stories, the entire situation is to 
be taken lightly, and if a person is serious, the entire talk is taken seriously (Holden, 1989). On the other hand, 
Americans value and enjoy humor in almost any setting, e.g., salespeople need to know the latest joke, humorous 
ads win awards, and humor is an asset in one's personality. 

Humor can take many forms: puns, understatements, jokes, stories, songs or jingles, ludicrous situations, satire, 
irony, stereotypes, ridicule, insul~ horseplay, quotes, rhetorical questions, amusement, entertainment, slap-stick, 
whim, fancy, comics, inside information,jest, absurdity, novelty, something unexpected like kids and animals, 
farce; skits, web pages, newsletters, fooling around, teasing, merriment, tickling, making fun of something, 
spontaneity; banter, cleverness, etc. Obviously, humor can take a variety of forms and occur in differing situations. 
Humor can be pleasurable, good, and uplifting, or it can be hurtful, unconscious, and nonexistent. 

WHY USE HUMOR IN TRAINING 

There are many compelling reasons to use humor in training and education as elabor:ated below: 
• Using humor tends to keep the audience's attention. Humor may serve to prolong the attention span of.the 

student's interest and participation (Calloway, 1990). "Today's training incorporates comedy, magic, 
dramatics, and music to make learning enjoyable. But it's not all fun and games - this audience-friendly 
approach increases attention while bo9sting information retention" (Walter, 1995, 84). The periodic use of 
humor can help to maintain the attention of the learner (Sullivan, 1992). 

• Humor helps boost information retention. Humor seems to create visuals or "mini videos" in a student's head, 
which helps the retention of information. Part of this effect may be due to the use of both the right and left 
brain in processing humorous information. Humor also can illustrate, reinforce, or summarize a point. 
"Recent research concludes that when a speaker is funny, audiences retain more information" (Walter, 1995,-
88). However, for the humor to be effective, it must reinforce the learning. (Walter, 1995) 
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• Humor can be used to develop student's imagination, creativity, and expression. "If you can laugh at some
thing, you are far more likely to think about it in a fresh, creative way" (Moran, 1994, 39). It has been argued 
that humor is the best illustration of the creative process (Koestler, 1998). Gifted students have shown innate 
abilities in the area of humor which can maximize the fun aspects of learning and create a learning 
environment that is stimulating, creative, and enjoyable for both the students and the trainer. Additionally, 
many under-achieving gifted students respond very favorably to a humorous approach. Intelligence seems to 
be associated with this capacity to produce and decipher humor (Gleason, 1991). More specifically, the type of 
humor children enjoy demonstrates their stage of thinking. These cognitive stages progress from finding 
humor in the incogruous actions and languages, to appreciating the humor of conceptual incongruity and 
multiple meanings (McGhee, 1996). As such, humor is an experience involving the use of intellect. The 
greater the intellect, the greater the capacity for humor. 

• Humor makes a class seem more user-friendly. Would an individual rather be with happy people or with 
grumpy people? Humor makes a person seem more affable, approachable, and more human. If the classroom 
is more enjoyable, students are more likely to want to be there which could make learning easier (Sullivan, 
1992; Moran, 1994; Sev'er and Ungar, 1997). Individuals also have a variety ofleaming styles and humor 
can increase the chance of appealing to the various learning types (Walter, 1995). 

• The use of humor can "lighten up" a serious, sensitive, or uncomfortable topic. For example, students can use 
satire as a tool to criticize politics and society. "Recognizing and analyzing satire in the media provides a 
thought-provoking and enjoyr.ble way to study current events. It addresses serious matters requiring a remedy 
and relies on humor to convey its message" (Kinnan, 1995). So, humor can be used as a mechanism to 
distance one from the disorganization, difficulties, and anxieties of the world. Also, stories could be used as 
ice-breakers to relax an audience. That is, one can lighten the rigors of learning and work by interposing 
episodes of play and laughter as "all work and no play makes Jack a dull boy." (Warnock, 1989) 

• Humor tends to get people involved. When· people are involved in doing things rather than just listening, they 
learn more. Or, learning is not just about talking. Involvement may even occur after the training is over when 
individuals are "absorbing" and integrating the training. The novelty alone of a humorous approach may 
increase involvement (Walter, 1995; Gleason, 1991). According to Mary Fisher, a motivational speaker with 
Overland Park, Kansas-based Five Star Speakers, Trainers, and Consultants, "Humor works because it's inter
active. It's a dialogue, not a monologue. I do something and the audience has to groan, moan, do something" 
(Walter, 1995, 87). 

• Humor can be used to teach a variety of topics and skills. "Humor activities can be used to teach cognitive 
skills such as prediction, relationships, divergent and convergent thinking, incongruities, analysis, and 
synthesis. Also, basic academic skills such as reading, writing, and arithmetic, can be combined with 
humorous activities. In addition, communication skills, listening skills, and self-concept enhancement can be 
taught using humorous activities. The uses and benefits of humor are limitless, and are only restricted by 
parameters set by the teacher" (Gleason, 1991, 60). 

• Humor is highly contagious and can entertain and enliven a classroom. Male educators use humor (sometimes 
lewd humor) to entertain and enliven their classes. Female educators generally avoid using humor or they use. 
it reactively to regain control of classroom disruptions (Sev'er and Ungar, 1997). Because humor is highly 
contagious, some instructors worry about possible negative effects of encouraging humor (Berger, 1992). For 
example, some instructors fear that the use of humor will get wildly out of control and the presenter will not be 
able to bring back control. However, females seem to actually use the humor to bring back control. In one 
study (Lloyd and Lloyd, 1986) student were asked "How can your teachers better teach you?" and "What 
would you like to have your teachers do in the classroom so that you could learn with more enthusiasm?" 
They responded in the following order: positive approac~ pleasant learning atmosphere, enjoy teaching, 
bring humor into the lesson or activity, do not try to cover up mistakes, give homework, let students talk, and 
really teach something meaningful to the students. The students seem to enjoy humor and find it valuable. 
Another study (Ericksen, 1987) found that in a typical 50-minute class period, 50% of teachers enduced 3-4 
laughs, 39% were funny stories, and 32% of the topics described a hostile situation or topic not disparaging to 
the students. "Student ratings of lecturers using amusing stories versus those who presented straight facts 
indicated that professors using humor were well thought of, but it did not necessarily enhance the student's 
perception of their competence or knowledge of the subject presented (Warnock, 1989, 23). 
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• .Humor can diminish cµstractions and reduce stress and anxiety. Researchers interested in how humor affects 
the learning of older students concluded that one use of humor by teachers is the reduction of test anxiety 
(Bryant and Zillman, 1988). Today's workers are busy, stressed out and need to relax. Often, workers are 
angry or under a lot of pressure. Humor can diminish some of the distractions that many workers feel when 
they trade eight hours of office work for training. When humor is well done and enjoyable it can get people to 
relax and listen better. If people can laugh, they are better able to deal with stress and to remember the 
training. Humor also can help to diffuse anxiety about learning new things and facing new issues. (Walter, 
1995) 

PHYSICAL AND PSYCHOLOGICAL BENEFITS OF HUMOR 

Physical Benefus 
"During the Renaissance period, .. . humor was thought to be physiological. The four body humors, or body fluids, 
determined a person's temperament. Too much yellow bile contributed to irascibility; too much black bile caused 
gloominess or depression; too much phlegm created sluggishness and apathy; however, too much blood led to 
confidence and cheerfulness. It wa_s believed that playfulness was produced if all four humors were in balance." 
(Gleason, 1991, 60) Medically, our theories and practices have changed since that time, but there is support that 
humor and laughter positively affect the physical well-being of individuals which in tum helps learning. "A good 
laugh increases blood pressure,;improves blood flow, exercises .the lungs and releases a natural pain killer into your 
system" (Sullivan, 1992). Appropriate humor in training can reduce stress and anxiety, and can release hormones 
which increase alertness and creativity (Sullivan, 1992). 

Evidence shows that humor affects the immune system, the circulatory system, the respiratory system, and the 
muscular system. The viewing of humorous material as well as the anticipation of humorous material assisted in 
the maintaining of a healthy immune system, that is,. concentrations of substances warding off viral infections 
increased and immune suppressers lowered (Dillon, Minchoff, and Baker, 1985; Humphreys, 1990). Laughing 
increases the heart rate and disseminates high-density lipoproteins which results in low rates of heart disease 
(Danzer, Dole, and Klions, 1990; Krohe, 1987). In the respiratory system, laughter rids the lungs of residual air 
which decreases susceptibility to colonization by microorganisms in the lungs and respiratory tracts and clears the 
respiratory tract of purulence (Cogan et al., 1987). The viewing of humorous material also relaxes muscles and 
reduces pain (Danzer et al., 1990). Dr. William Fry, Stanford psychiatrist, says that, ''A good belly laugh exercises 
and therefore relaxes every major muscle group in the body; Laughing at least 100 times a day is equal to ten 
minutes of rowing" (Ricci, 1987). That is, laughing can be an energizer and a relaxer. 

Psychological Benefds 
The psychological benefits of humor tend to be categorized as either coping skills or mood elevators, for example, 
a sense of well-being, an emotional lift, reduced anxiety, and increased relaxation. According to Krohe (1987, 32), 
"A good laugh, after all, is a sort of psychic sneeze, a way to discharge the tensions of boredom, frustration, and 
anger." Watching humorous television shows and movies, Norman Cousin's recovered from a debilitating illness 
(Cousins, 1989; Boverie et al., 1994). Soldiers captured in war had a healthier.mental attitude when they made 
jokes rather than being more serious (Humphreys, 1990). 

Humor also may enable people to change their perception of life events from threatening to challenging. Laughing 
at ourselves indicates a positive evaluation of ourselves and our ability to handle a crisis. Humor can help people 
focus less on their problems (Boverie et al., 1994; Kiechel, 1983). Humor was found to be effective in reversing 
the residual negative effects of depression (Frost arid Green, 1982). Generally, a depressed adult is a potential 
failure at learning. So, elevating the mood helps the individual learn. (Mirriam and Caffarella, 1991) Also, 
laughing out loud tends to make individuals feel more elated (Cetola and Reno, 1985). 

TYPES OF HUMOR THAT CAN BE USED IN TRAINING 
/ , 

"All around the globe, trainers are tossing out the traditional tools of their trade - lectures, flip charts, overheads -
and replacing them with games, quizzes, magic, props, costumes, theatre, videos, and comedy. If trainers from the 
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old school wandered into a session today, they might think they'd stumbled into a comedy club or a game-show 
audience." (Walter, 1995, 84) There are many types of humor that can be used in training. Typically, humor can 
be used in a wide variety of media, situations, topics, and audiences. That is, humor is a spice applied to training 
to enhance the effects of the training. In this section of the paper, various methods or types of humor are listed 
which could be applied in a classroom: 
• Amusement 
• Laughter of self and others 
• Jokes, punchlines, and one-liners 
• Any brief switching from a serious to a playful 

realm · 

• Interactions, jest, and mime routines 
• Puns and double entendre 
• Witticisms and manufactured words 
• Sarcasm and insults 
• Mimicry 
• Self-mockery or self-ridicule 
• Joking relationships and joke names 
• Being thrown into the air and peek-a-boo 

· • Exaggeration.and understatement 
• Humorous visuals - printed 
• Humorous videos, tapes, TV clips, and music clips 
• Plays, skits, props, costumes, sitcom script, music, 

song, and poem 
• Timing 
. • Cartoons and drawings 
• Anecdotes and stories 
• Comedy monologue or comedy club 
• Created characters or caricature 
• Humor bulletin board 
• Fantasy about future 
• Alternate use for objects 
• Student assignments that include humor 
• Light-heartedness and playfulness 
• Satire, irony, parody, or metaphors 
• Humorous magazine or newspaper articles -

current topics 

Here are some specific examples of humorous training: 

• Humorous quotes 
• Burlesque,' clownishness, or farce 
• Pairing of unlike elements 
• Fancy, imagination, and novelty 
• Mastering something very difficult 
• Humorous passages, definitions, and 

misconceptions 
• The double cross and anticlimax 
• Magic, puzzles, riddles, and card tricks 
• Humorous learning games 
• Games, exercises, and simulations 
• Competition 
• Brainstorming 
• Modify famous quo~es 
• Survival activities or simulation 
• Ice breakers 
• Internet and CD-ROM 
• Injecting fun into training 
• Performing incongnious events 
• Describing-impossible events or actions 
• Using multiple word meanings 
• Playing action jokes 
• Having a sense of humor and humorous 

expressions 
• Manifesting joy 
• Laughing, smiling, and tickling 
• Certain behaviors that are unexpected, illogical or 

out-of-context 
• Funny questions or answers 
• Ad-lib and spontaneity 

1. "At AT&T in Lee's Summit, Missouri, sales reps practice their pitches and hone their listening skills while 
affecting different accents or pretending they are famous people. At New York City-based Conde Naste 
Publications, sales people watch films and TV clips that illustrate the speaker's points. Many companies have 
even created learning games based upon TV game shows, such as "Family Feud" or "Jeopardy!" Trainers 
substitute questions with workplace or product information to help employees recall facts." (Walter, 1995, 85) 

2. "John Harper, President of Battle Creek, Michigan-based Managing Dedsions, got tired of negative reactions 
when he spoke about the issue of sexual harassment, so he created Reality Theatre. Harper wrote a four-act 
play with each act based upon four real-life situations he encountered as a Personnel Manager. During each 
act, a quarter of the audience leaves the room and comes back as a multi-headed supervisor who interviews the 
actors to find out what happened and decides whether sexual harassment occurred. The rest of the audience 
watches the process. 'We can actually see the learning take place,' Harper says. 'By the time the fourth group 
comes back, they are much more savvy than the first group.'" (Walter, 1995, 90) 
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3. "Drawing upon the belief that music is a universal language, Gary Muszynski, Executive Director, One World 
Music, St. Louis, has created a training workshop called 'Synergy Through Samba.' He starts by playing a 
recording of a percussion band of drummers and asks his audience if they Wnk they could do that. Few think 
they can. Then his trainees break the audience into sections, give· out various instruments, and show them 
how to play them. By the end of the session, the ensemble sound is 'extraordinary.' The entire experience 
takes about three or four hours; the debrief is about half an hour. 'It's a fun, interactive ice breaker, and I try 
to make it translate specifically into what they're going through in that organi7.atio~' says Muszynski." 
(Walter, 1995, 90) 

In general, incongruity is often seen to be the basis of humor. According to Civikly (1986), however, there are five 
other conditions that evoke humor: (1) mastery (people laugh when they master something), (2) psychoanalysis (to 
release feelings), (3) disparagement (laughing at one's own failure), (4) superiority (laughing at the misfortune of 
others), and (5) relief-release (when a threat or tension is removed and safety is reestablished). The point is that 
anyone can find ways to incorporate humor into their classrooms .... and lives. Each of us has a sense of humor that 
can be further trained (ifwe choose) and that can be used to contribute to other's well-being and to making this 
world a little more cheery and uplifting. · 

HOW TO INCREASE THE EFFECTIVENESS OF HUMOR IN THE LEARNING ENVIRONMENT 

There are many types of humor that can be incorporated into the learning environment. However, some methods 
will be appropriate depending on the audience, the situation, the timing, the individuals or group involved, the 
topics, and the level of t_eaching and learning experience available. The following tips are provided to guide the 
effective use of humor in the learning environment: 
• Use variety in your humor. 
• Relate humor to the topic. 

· • Create a comedy library or a humor bulletin board. 
• Plan places in your training where you will use 

humor. Have clear objectives for the use of humor. 
• Write your own original material. 
• Be able to laugh at yourself. Create a cast of 

characters, maybe modeled after yourself. 
• Talk at the student's or audience's level. 
• · Make light of seriousness as appropriate. Keep 

attitude light. 
• Never use obscenities or vulgarities. Do not use 

negative humor -- stay away from sick jokes. 
·• · Laugh with someone, not at them. Do not make 

fun of trainees. ' 
• Do not use hmnor that encourages prejudice or 

stereotypes. 
• Do not use humor unchecked -- too much, 

offensive, or dwnb. 
• Be careful with gender-based jokes. Men and 

women see humor differently. 
• Develop parameters for the use of humor in class. 
• Try to evaluate the results of using humor. Do 

what works. 
• When a story or pun fails, turn it on yourself. 
• Consider using humor on tests. 
• Use humor t9 supplement not replace teaching. 
• Keep humor brief and simple. 
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• Match humor to the audience. 
• Model playfulness. Develop a sense of humor 

yourself. 
• Remember that humor is nurtured and built up 

overtime. 
• Only tell insider jokes if you are an insider. 
• Observe and relay the humor in life and living. 
• In general, it is more acceptable to tell jokes in 

social settings. 
• To reduce the risk for the student, give a 

guaranteed A assignment that requires humor and 
creativity, e.g., cartoon, song, poem, play, or story 
related to the topic of the day. 

• Timing and accentuation of humor is important. 
Consciously consider these. Be appropriate with 
sociopolitical timing. 

• Allow and try to foster spontaneity in class. 
• Do not hide or perpetuate power imbalances or 

status differences under the guise of humor. 
• Do not use humor that demeans, degrades, or 

oppresses. Never joke about someone's name. 
• Monitor your audience's reaction. 
• Do not overpower with entertainment. Careful of 

libel or slander. 
• Do not consider humor in the classroom to be · 

disruptive. Do not discourage it. Try it. 
Experiment with it. 

• Be careful. Sometimes people may mistake an 
innocent bit of humor. · 



• Consider using a formula for including humor, 
e.g., 2-3 minutes of serious material and then one 
minute of humor. 

• Use humor as a tool for instruction, not just for 
laughs. 

• Debrief or get the essence out of the humor that is 
used. That is, harvest or glean the learning. 

• Use humor to remedy a hostile situation. It is hard 
for someone to be hostile in the midst of humor. 

• Use humor to relieve boredom as boredom can 
make us mediocre and lead to absenteeism, low 
morale, and communication breakdowns. 

• Understand the degrees of risk associated with 
humor: appreciates but can't use easily, laughs 
readily with self and others, shares cartoons and 
funny stories, recants humor from past life, plays 
practical jokes, tells jokes, uses magic/puppetiy/ 
clowning/story telling, uses humor spontaneously, 
acts as master of ceremonies, and works as 
comedian. (Warnock, 1989) 

• Humor must fit with the flow of conversation or 
thought. 

• Intelligence is needed to decipher humor. Make 
sure you use humor at the proper level of 
intelligence. 

• Use humor that is sensitive to the feelings of 
others. 

• Laughter is sweeter when it follows high tension. 
• Use the element of surprise in humor. 
• Use humor that will make people laugh for five 

seconds· and think for ten minutes. (Nilsen, 1994) · 
• Practice using humor. Start easy and simple. 
• Open your mind to humorous thoughts. Get that 

twinkle in your eye. 
• Look for the humorous side of situations over 

which you have no control. (Sullivan, 1992) 
• Build a humor support group. (Sullivan, 1992) 
• Find ways to laugh each day. (Sullivan, 1992) 
• Read about humor. (Sullivan, 1992) 
• Maintain a humor file . (Sullivan, 1992) 
• Observe others who use humor well. (Sullivan, 

1992) 

Finally, if you still feel that using humor is somewhat intimidating, then tiy using Weaver and Cotrell's (1987) 
systematic sensitization sequence: 
1. Smile and be lighthearted. 
2. Be spontaneous and natural. Relax control a little or break the routine occasionally. Be willing to laugh at 

yourself and don't take yourself so seriously. 
3. Foster an infqrmal climate. Be conversational and loose. 
4. Begin class with a thought for the day, a poem, a short anecdote, or a humorous example. 

5. Use stories and experiences that emerge from the subject. 

· 6. Relate things ·to the everyday life of the students. Read the student newspaper. Listen to their music; see their 
movies. (Trainers of adults: Find out as much as you can about students' work conditions and culture.) 

7. Plan lectures and presentations in short segments with humor injected. Plan a commercial break. Use a slide 
or overhead projector. 

8; Encourage a give-and-take climate between yourself and the students. Play off their comments. Learn their 
names. 

9. Ask the students to supply you with some of their jokes, stories, or anecdotes. Share them with the class. 

10. Tell a joke or two. Do outrageous things. Admit you 're no good at it (using humor). Appear human. 

You can do it. We can do it. We just have to keep working at it, practice, and lighten up about life. 

SUMMARY AND CONCLUSIONS 

This paper has examined the· use of humor in training -- its definition and benefits as well as the types of humor 
that can be used in training. How to increase the effectiveness of humor in the learning environment also was 
presented. 

Humor is "any communication that leads to laughing, ·smiling or a feeling of amusement" (Weaver and Cotrell, 
1987). People like to laugh ... they like to feel.good. Since the world is filled with humor, why not use it in a 
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constructive way, that is, to promote learning and to help people uplift themselves and their lives. If education. 
were fun, maybe more people would give it a try. 
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DIVERSITY TRAINING: A CULTURE-GENERAL APPROACH 
David C. Strubler 

Kettering University 

ABSTRACT 

Effective diversity management and training present a tremendous challenge to U.S. corporations as they enter 
the next millennium. With domestic diversity and globalization on the rise, corporations look to cultural training 
programs to optimize their organizational effectiveness. While traditional diversity training programs have 
created a backlash, especially among majority groups, many corporations are now turning to cross-cultural 
consultants for answers (Mobley & Payne, 1993). Cross-cultural experts agree that domestic (U.S.) diversity 
problems are essentially the same issues faced by business people living and working overseas (Griggs in 
Leonard, 1991). Many overseas training programs have emphasized a culture-general approach to preparing 
business people for assignments. Culture-general training programs offer the best hope for dealing effectively 
with both domestic and global diversity issues in U.S. organizations. 

INTRODUCTION 

Diversity is now a prominent fe~ture and issue in the management of most organizations in the U.S. for ·three 
reasons . First, there has been an increase in births of traditionally unskilled minority labor and a decrease in 
births of whites of European descent. Second, there has been an increase in immigration of both skilled and 
unskilled labor. Third, globalization of major corporations is associated with movement of work from the U.S. to 
foreign countries (Johnston, 1987). 

Therefore, diversity management has become a major challenge for managers. They are told to ignore race and 
simultaneously hire affirmatively. They are exhorted to treat everyone the same while accommodating 
differences. Equal employment opportunity (EEO) , affirmative action (AA), and diversity training programs 
have often created a backlash of resentment from the traditional white European -descent work force and charges 
of reverse discrimination (Mobley & Payne, 1993). Therefore, training effectiveness of managers and their 
employees to properly cope with diversity is of primary interest to corporations. 

APPROACHES TO DIVERSITY 

Driving diversity management are three schools of thought utilizing different approaches. The first school is 
pluralism. Pluralists are strong enthusiasts for diversity and generally work for organizational change. 
Typically, they seek to understand, accommodate, capitalize on, and advocate diversity. They are concerned 
about social ~esponsibility, legal risks, and recruiting people with diverse skill sets. While they recognize that 

. conflict js likely to increase with increased cross-cultural communication, they see conflict and diversity as 
strengths out of which new and better ideas are generated through intense interaction. Pluralists may implement 
strong EEO (Equal Employment Opportunity) and AA (Affirmative Action) programs, insist on ~ulturally- · 
sensitive language use, and link pay to performance for managers with regard to EEO/ AA recruiting (Shea, 
1992; Overman, 1992). 

The second school of thought is assimilation. Assimilators seek to maintain corporate culture by controlling 
diverse influences. They assume that organizational communication networks create a strong corporate culture 
which, in turn, create a highly productive work force (Gerloff, 1985). Potentially, diversity represents inputs 
that threaten the homeostasis of corporate culture, something like the Tower of Babel. Assimilators argue that 
the solution to this problem is to eliminate disruptive work-related variables which include foreigner's aversion to 
risk, motivational differences, and language differences. The company can use diagnostic tests regarding these 
three factors to determine the extent to which the individual's.make-up corresponds to the corporate culture. · 
Where there are differences, remedial training and both formal and ~formal indoctrination are required (Hopkins_ 
& Hopkins, 1992). 

The problems with both of these approaches are evident. For example, pluralists' insistence on c·ulturally-
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sensitive language has flown in the face of freedom of speech here in the U.S., prompting charges of "political 
correctness." Assimilators may rightly be charged with showing disrespect for culturally-different individuals 
and forfeiting the advantage of diversity. 

The third school of thought attempts to reconcile the obvious differences between the pluralists and assimilators. 
Advocates of this school first recommend avoiding a backlash to diversity training. For example, the trainer as 
communicator can define diversity so that traditional members of the audience are included. These reconcilers 
argue that trainers should be members from different ethnic (read: including caucasian) and gender backgrounds 
to demonstrate that diversity is not just a minority issue. Resistance in training should be discussed openly 
(Goldstein & Leopold, 1990). A culture-general approach to training should be used so that participants 
understand that essentially all communication is cross-cultural. Similarities across cultures should also be 
emphasized. 

Organizations are compelled for practical reasons to provide training to their employees on diversity. A practical 
reason for training is the optimization of work force diversity that is already present and increasing rapidly. 
Unaddressed and unresolved cross-cultural conflict diminishes individual and group abilities to create positive 
synergy toward organizational goals. For example, in one case observed by the author, a Japanese engineering 
manager shouted at an American car pool supervisor. Angry that his order for a car was not fulfilled as 
expected, he pointed to a teetering lamp on the car pool supervisor's desk. "Look, typical poor American 
quality," he screamed. The quick-thinking supervisor grabbed the lamp from the desk, shoved it in the Japanese 

· manager's face· and fired back "Made in Japan." In this case, conflict over intern~! customer service became a 
cross-cultural issue. 

Another common complaint comes from Americans working for Japanese-owned subsidiaries in the U.S. They 
argue that Japanese routinely work after-hours, during which time decisions are made without the input of 
American employees (Dillon, 1992). Ironically, Fritz (1988) found that Japanese working for IBM in Japan 
hurled a similar complaint against the American work force, i.e., Americans routinely excluded Japanese from 
the communication network of the corporation. On one hand, after-hours behavior is a norm for Japanese 
business people. On the other hand, the tendency to form exclusive groups with boundaries to communication is 
universal and played a major role in this conflict (Shaw, 1981). Moreover, culture-specific behavior and 
human nature may together create a powerful interaction· effect that leads to intercultural conflict. 

THE PROBLEM WITH CULTURE-SPECIFIC TRAINING 

It is tempting, given the examples of conflict cited above, to begin by training employees in the specifics of the 
cultures that are interacting. After all, one could argue that the differences between two cultures are obvious 
and, therefore, the primary cause of the conflict. How better to resolve the conflict than to increase culture
specific understanding? Train Japanese how to shake hands and explain to them trials and triumphs of American 
individualistic culture. Teach Americans about the implicit nature of the Japanese language and the importance 
placed on honor. However, as has already been pointed out in both of these cases, conflict seemingly related to 
cultural difference may have also been the result of something far more fundamental - human nature. Most 
human beings are attracted to similarity (Shaw, 1981). Further, the basis of these conflicts may be the result of 
an interaction effect between similarity (grounded in human nature) and difference (grounded in cultural nurture). 
Similarity ·and difference are two sides of the same coin. In either case, conflict only needs to be preceded by the 
perception of cultural difference (Ellingsworth, 1983). 

However, beginning with culture-specific training has led to backlash, rather than cultural understanding. 
Majority groups especially resent being forced, for example, to participate in programs that require learning 
about a minority culture (Mobley & Payne, 1993). In several cases witnessed by the author, angry majority 
group members at such training programs spoke against being forced to learn about the minority group. In 
another case, one group of majority members, simultaneously stood and marched out of a culture-specific 
training program in military style. While one may argue that such actions are racist, racism was exacerbated 
rather than diminished by the attempt to use culture-specific training at the outset. 
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The culture-specific approach, either alone or as a starting point for training, presents another major problem. 
How can any one person learn the particulars of every culture that they will encounter. In large corporations, an 
individual may interact with multiple cultures on a daily basis. Without having culture-general skills, s/he will 
not be successful in multiple-culture interactions. In addition, the co.rporations· would be hard pressed to provide 
such diverse training. 

UNDERSTANDING THE CULTURE-GENERAL TRAINING APPROACH 

The purpose of cross-cultural training is to "facilitate cultural adjustment and promote communication between 
people of varying cultural backgrounds" (Underhill, 1990). More specifically, the objectives of culture-general 
training are to first develop cross-cultural skills useful in interacting with people from any culture. Second, 
trainees should be able to use the skills to enhance adjustment to different cultures. Third, training should lead 
to improved performance for the individual and the organization as a whole (Underhill, 1990). 

Training, then, must begin with the understanding .that every individual represents a culture of one (Wayne 
Shabaz, personal communication, May, 1996}. According to cross-cultural consultant, Lewis Griggs, "We need 
to understand what our own culture is, our own style and our own set of values before we can possibly recognize 
that someone else has an equally justifiable, culturally-determined set of behaviors and values ( Leonard, 1991, 
p.38). One means of preparing ~ross-cultural interactants to achieve this understanding is proposed by 
Lingenfelter and Mayers ( 1991). Their cultural Personal Profile instrument provides feedback on several 
important dimensions of culture. These include, for example, event orientation, person vs. task orientation, and 
dichotomistic vs. holistic thinking. In their model, an individual who scores high in time and task orientation 
would interpret a situation as a crisis if a goal were not met on time. By contrast, an event and person-oriented 
individual would experience crisis if relationships failed and business interactions were not based on relationships 
of trust and harmony. While some cultures may have greater tendencies toward either of these orientations, one 
can hardly assume that all caucasian Americans or Japanese will respond similarly. Each person is a culture of 
one. 

Other culture-general instruments that provide. insight into self and others are those that measure communication 
style, learning styles, or personality-type. While many such instruments are available, good instruments are not 
culture bound, i.e., the percentage of participants scoring high or low in the various styles or personality types is 
constant regardless of ethnic or national differences. These types of instruments are useful in several ways. 
First, such instruments give participants valuable information about themselves, others and the culture of their 
organization. For example, knowip.g that they have an abstract random learning style will affirm and explain 
their strong empathy with people. More importantly, it may explain why they have difficulty communicating 
with people who have concrete sequential learning styles who either avoid or find difficulty with group work 
(Tobias, 199~). It may also explain why some people fit better into some corporate cultures than others. 

Second, by having training participants with similar style or personality types break into groups and converse, 
they soon discover that their cultural differences are often minimal compared to the similarity of_ their styles: In 
short, they may be more similar and more able to communicate with someone from a different culture than with 
someone from their own culture who has a different style. As mentioned earlier, similarity is a powerful 
attraction. 

Measuring and• training for intercultural communication competency is another important aspect of the culture
general approach (Gudykunst & Hammer, 1984). The assumption here is that generally-effective communication 
behaviors are the best measure of intercultural interaction. Training in such skills as approachability, intercultural · 
receptivity, and social openness will prepare the learner for more effective interaction with multiple cultures than 
culture-specific training. Assuming that all individuals represent a culture of one, all interpersonal 
communication in organizations necessarily involves multiple cultures. Therefore, a culture-specific approach 
would fail to prepare the learner for such interaction. Worse yet, the,....,culture-specific approach may deceive 
learners into thinking that culture-specific information is true for all members of a particular ethnic group. 
Finally, by learning culture-general skills, the learner becomes an ethnographer, i.e., one who is a participant
observer in every interaction (Fetterman, 1989). 
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BALANCING THE ARGUMENT FOR CULTURE-GENERAL TRAINING 

Having argued strongly for the culture-general approach, one still cannot deny the reality of cultural difference. 
For example, westerners tend to be direct and explicit in their communication with others. They "tell it like it 
is" and "Don,t beat around the bush,, (Elmer, 1993, p. 46). Two thirds of people in the world, however, tend to 
use indirect, implicit communication. Rather than saying " I missed the bus," a non-westerner might say "The 
bus left without me,, (p. 48). However, as already mentioned, people vary greatly within both western and 
eastern culture and may tend more or less toward explicit communication. 

Learning about cultures is valuable to the extent that interactants realize the limitation of culture-specific 
information. Ironically, such inform~tion makes "generalizations,, about cultures that cannot safely be applied 
uniformly to individuals of those cultures. African-Americans from different parts of the U.S. may have as 
many differences as similarities. Still, Ruben (1976) contends for combining general and specific approaches: 
"While one can argue that the importance of communication behaviors such as empathy, respect, non
judgmentalness, etc., transcends cultural boundaries, the way these are expressed and interpreted may vary 
substantially from one culture .... to another" (p. 344). When culture-specific training is necessary, it should be 
preceded by culture-general training. Without grounding in similarities, participants are likely to misuse culture
specific information at best and abuse it at worst. 

Cultural dimensions are variables that must be considered in training but not without considering those 
dimensions in relationship to the culture of one. These variables exist between both cultures and individuals. All 
communication is essentially cross-cultural. No two people have identical combinations of personal, corporate, 
ethnic, national and family cultures. Cultural difference is not only real but desirable. Among the most 
important of cross-cultural competencies is the desire to seek out people different from ourselves, to be flexible, 
and to enjoy learning while building relationships and accomplishing tasks (Elmer, 1993). At the same time, the 
.real and perceived differences among people can create conflict and reduce organizational effectiveness. 

When culture-specific training is necessary, it should be preceded by culture-general training. · Without 
grounding in similarities, participants are likely to misuse culture-specific information at best and abuse it at 
worst. 

CONCLUSIONS 

Beginning training with a culture-general approach, organizations can improve their effectiveness by 
concentrating first on the similarities of human communication effectiveness. These general skills help learners 
discover differences that make up the culture-specific side of the human "coin.,, Second, culture-general training 
avoids the politics of conflict between specific cultures and is, therefore, non-threatening to especially majority 
groups who will likely reject culture-specific training. Third, the culture-general approach is useful in all 
interactions throughout the extended organization because all human beings represent a culture of one. 
Participants find the training useful in all interpersonal relationships. The culture-general approach assumes that 
skills such as flexibility and social competence are more important indicators of intercultural success than 
knowledge of a specific culture. Fourth, such training prepares workers within the same corporate culture to 
realize that general skills are useful in discovering and-interacting with different subcultures. For example, in 
research and development organizations, ethnically-different individuals working in engineering may have more 
in common than engineers and human resource managers of similar ethnic backgrounds. Finally, the culture
general model allows for the possibility that all or most communication failures and conflicts may be based on an 
interaction effect between our similarity as humans and our differences. 
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WORKFORCE DIVERSITY: CHOICES & APPROACHES TO DIVERSITY TRAINING 

By 

ABSTRACT: 

H.B. Karp & Hael Y. Sammour 

Christopher Newport University· 

Diversity, while always an important topic for HR Managers, is fast becoming one of the more critical ones and on~ 

that seems to draw ever increasing interest and controversy. The moral and legal imperatives that have come out of 

the 1964 and 1991 Civil Rights Acts are only the tip of the proverbial iceberg. According to Nobile (1977) diversity 

is one of the greatest concerns and one of the top legal issues that face HR professionals today. The Hudson 

lnstitute's report "Workforce 2000" (1987) made diversity a household word in organizations across the country, 

and enlightened organizations have become even more concerned about fairness in the workplace (Karp &Sutto~ 

1993 ). Along with real concerns about what is right and what is wrong; what is legal and what is illegal; we now 

must consider what is pragmatic and what is naively idealistic, as well. Although the concern with diversity in the 

. workplace has been progressing for a reasonably long time, several precipitating events have brought the issue to 

national awareness with a concomitant demand that change be made quickly. The Anita Hill affair of 1992, the 

Tailgate scandal of 1991, and the Citadel Academy issue of admitting female cadets in 1990's are but three 

examples of diversity issues that made national headlines and with the increased awareness, demands for quick and 

decisive change about how people will be dealt with in a civilized society. The result of this has been an almost 

manic drive to increase training around diversity issues in most large corporations and government agencies. In 

looking to increase the effectiveness and acceptability of diversity training programs, two broad areas need to be 

considered. The first is choices in how programs are currently being developed and delivered, and the second is how 

resistance to the training is being handled. 
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INTRODUCTION & OVERVIEW 

Currently, and over the past few years, diversity has become a favorite discussion topic in 

business, academia, and government. Moreover, diversity has become a buzzword in the media 

when focusing on the future of America. Wherever one looks, diversity is becoming more and more 

popular when describing the American workforce. The Hudson lnstitute's report Workforce 2000 

made diversity a household word in companies across the United States, and enl.ightened 

organizations have became even more concerned with fairness in the workplace (Karp and Sutton, 

1993). Diversity training programs were designed to better the relationship among people who 

work together. However, despite the best intentions, some diversity 

training programs produces the-opposite effect. This paper will explain the necessary steps needed 

to develop more effective diversity training programs that reflects the values of the organization 

and the people who make it up. Effective training programs require choices between alternatives 

such as individual vs. group, behavior vs. attitude, and victim vs. survivor among others. These 

choices must be explained before imposing a set of values about how people should behave and 

react to other people. 

DEVELOPING AND DELIVERING THE PROGRAMS 

Most of the evolving training programs are usually dominated by one of two basic themes; The frrst deals with 

increasing ma~agers' awareness of the legal and policy aspects of diversity. The second approach is focused on 

increasing the straight, white, American males' (SWAM's) sensitivity to the concerns of people in groups different 

from their own. This is frequently done by attempting to heighten the SW AMs' awareness of what it is like to be 

misunderstood, undervalued, and discriminated against, at work. 

The major problem with many of the system wide programs is that they are unitary in nature, many with an almost 

dogmatic approach to the training. What is forgotten in the rush to solution is that there are choices to be made 

concerning the content and delivery of any diversity training program, just as there are in any type of training. The 

more thought that is put into tailoring the design and delivery of the pro_gram to the unique population of your 

organization, the higher the probability that the message will be well received with minimal resistance. As a matter 
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of fact, responding ·to the differences in training groups and making the right choices to individualize the program to 

that specific group, is what draws the line between training, which is what we are advocating, and indoctrination, 

which for the most part, is what is going on. Whether you are an HR or external trainer who designs and delivers 

diversity programs; or, you are an HR manager who is accountable for selecting internal or external diversity 

training programs; or, you are a line manager who sends people to these programs, you would do well to consider 

the following choices and make your preferences known. As you read this, please keep in mind that we are not 

offering another set of "shoulds" to replace your current ones. We are suggesting only that you consciously choose 

how you address each question. The specific approach/choice is of secondary importance. 

CHOICE #1 WHO CONDUCTS THE TRAINING? 

Curre11t Practice: Most programs are currently targeting SW AMs since they are, by far, the dominant group of 

managers in the greatest number of organizations. The thinking is that this type of training can best be conducted 

by female and minority trainers who can speak from personal experience. Not only their technical competence as 

professional trainers, but their personal experience adds credibility to the message of what it is like to be a member 

of the non-dominant group in the system. 

The Alternative: The key to any effe_ctive training is being able to establish rapport with the trainees! By using 

only female and minority trainers you risk the appearance of the trainers holding the moral high ground. This will 

alienate the trainees, rather than influence them. The ideal condition is to have training teams made up of one 

minority trainer and one straight, white, male trainer. The latter has the same blind spots as the group and can relate 

better. Since it isn't always feasible or cost effective to have training teams, at least make sure that your trainer has 

th~ ability and willingness to relate to the trainees as well as to the message. 

CHOICE # 2: WHO GETS THE TRAINING? 

Current Practice: While everybody in the target group, e.g., management, is required to participate in the diversity 

training program, the real target for the training is the SW AM. The assumption is that since he is, and has been, the 

dominant force in the system, the objective of the training is to sensitize him so he will be more aware of the needs 

and preferences of the female· and minority members of the organization. 

The Alternative: While there is certainly some legitimacy to this view from an historical perspective, it may not be 

the best way to conduct the training. Holding the SW AM up as the universal oppressor will do little to help him 
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develop a more sympathetic approach. A better way is first, to make sure that each training session is made of as · 

diverse a group as possible. Second, acknowledge that nobody has the "pain mark~t" cornered and that awareness of 

differences is everybody's task, not just the SWAMs. Finding common ground can be a lot more productive than 

looking ,for a villain to punish. 

Choice # 3 Deal With Attitudes Or Behaviors? 

Current Practice: All diversity programs are value driven. Frankly, we cannot imagine designing a program that 

wouldn't be. The reality is that most current diversity programs are designed to change people's (SWAM's) attitudes 

about other people, and while this may seem like a good strategy, it frequently creates more problems than it cures. 

It is one thing to advocate a set of humanistic values and quite another to demand that people see things in a certain 

"politically correct" way if they want to succeed or be well thought of in the program. The best that can be hoped 

for is that participants pay "lip service" to the "politically correct" values and bury their resistance ever deeper. 

The Alternative: An effective program can certainly start with a clear statement of values but also must include an 

explicitly stated second step: All participants have an absolute right to state how they see things, in complete safety, 

so long as the boundaries for good taste are reasonably observed. The critical question is, "How can we begin to 

deal with our differences if it isn't even safe to openly state them?" A much more realistic approach is to validate 

people's values, whatever they are, and then get on with looking at the specific behaviors that cause pain and 

problems. Those you can do something about. (You're not going to change people's values anyway!) 

Choice #4 What's Being Said vs. How It's Being Said? 

Current Practice: Many programs put major emphasis on ,iLanguaging", or how things are said. The common 

practice is to insist on what is commonly known as "Politically Correct" Language. As with many roads to Hell, 

this one is also paved with the best of intentions. Euphemisms are insisted upon, so that Blacks become African 

Americans; the blind .become the "visually impaired"; and, the short (and the dead) become the "vertically 

challenged." The list is endless. Before insisting on this kind of language norm, or allowing it, be aware that there 

are three deleterious effects to insisting upon politically correct language. 

The first is that it deadens the impact of what is being said. If it is the speaker's obligation to be sure that no phrase 

used has any capacity to cause pain, the language becomes bland. Toe first thing sacrificed is humor and the second . 

is impact. The second damaging effect is that there is an implication that something is wrong with the term Black, 
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blind, or short, and thereby there must be something wrong with the person who bears that, or whatever, 

characteristic. The subtle message is, "You poor dear, you just can't handle being what you ·are, so we won't remind 

you." This is not the intended message! Finally, while the intention is to be respectful of the other person's 

difference, the effect is that, frequently, the other person feels patronized. Here the "cleaned up language" is more 

insulting than any plain reference to the characteristic. 

The Alternative: At the start of any program, the trainer states the best ofintentions and asks that participants refer 

to the diverse issues with the respect that they would like. Next, an agreement is made that if anyone, at anytime, is 

offended by something that someone has said, they are to interrupt by yelling "OUCH" The issue is then 

surfaced and closure immediately achieved. This not only keeps the program alive, it places the responsibility for 

confronting painful issues where it belongs ... with the injured person. 

Choice #5: Guilt vs. Empathy 

Current Practice: Many, if not the majority, of system-wide diversity training focuses on how the SW AM has, at 

the worst, oppressed the female and minority organization members; and at the very best has merely been the 

dominating force. Even if occasionally justified, this is hardly a productive strategy to adopt. First, you are going 

to have a hard time getting people to feel personally guilty or responsible for something they had no hand in; 

secondly, if successful the best you are going to get is a weak, unfocused apology; and, third, imposing a feeling of 

guilt doesn't change history. 

The Alternative: Better than inflicting guilt, go for empathy. Try to get the SW AMs to remember a time when 

they were discriminated against, e.g., too short for the basketball team, excluded from a fraternity, or maybe simply 

not invited to an event that others were. Remember that nobody has the pain market cornered! By the same token, 

help the minority members get in touch with how they have been the oppressors, e.g., lording it over a younger 

brother, keeping someone off the team, or excluding a person from the sorority. 

Choice #6 Victim vs. Survivor 

Current Practice: The more emphasis that is placed on how rough and unfair past practices have been, the more 

the female and minority memb'ers tend to see themselves as victims. The longer this goes on, the more entrenched 

becomes the perception. This frequently turns in to a "suffering contest" pitting each group against the other in 

terms of who has been mistreated the most, which invariably ends up in a unified attack on SWAMy. All that's 
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missing are the pitchforks and the torches. 

The Alternative: There is no question that injustice and pain has and does occur. This needs to be acknowledged 

by all persons, fully and honestly, and then dropped! Rather than asking victims of discrimination to describe their 

pain an<;l suffering in detail, it is far more functional and strengthening to ask them to describe: how they survived it; 

what they learned from it; and how it made them stronger. This is not only educational for all the listeners, it is 

reaffirming to the person speaking to hear herself relate this. 

LOOKING AT THE CHOICES 

These six choices in designing and delivering diversity programs, are by no means the only relevant ones that you 

need to consider. They do, however, represent the kind of thinking that is necessary for planning a training event 

that will not create more interpersonal problems and hard feelings than it cures. Getting clear about who the 

program is really for; what the obje·ctives are; where the potential problems lie; and, how you will measure the 

effectiveness of the training when it's complete, will raise enough relevant questions to assure that the the design or 

the purchase of a program can be a successful one. 

Design and delivery of diversity programs is actually only half the job and the easiest part of the process, at that. 

The best that any professional trainer can do is to be clear about what the training objectives are, be as creative as 

possible in designing an articulate, relevant, and engaging program; and then hope that they have come fairly close 

to meeting the needs of those organizational members who are being subjected to the training. 

Resistance to diversity training probably runs higher than to most other types of training for three basic reasons. 

First it is more value driven than skill driven; second, it is rarely optional; and, finally it's usually someone else 

who thinks that this_ is really important for the participant to attend, rather than the participant, himself. 

References available upon request 
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ABSTRACT 

MADM methodology tries to obtain a meaningful index from multidimensional data to evaluate competing 
alternatives. The analysis begins by establishing attributes that can measure relevant goal accomplishments. 
Alternatives are then contrasted over the chosen attributes. Often all attributes are not of equal importance to the 
decision-makers. Thus the rendering of appropriate weights among attributes is of primary concern to the decision
maker. 1brough a teaching example, we have demonstrated the whole process. 

INTRODUCTION 

There are two models ofMADM, compensatory and non-compensatory (Lai and Hwang, 1996). The distinction is 
made on the basis of whether advantages of one attribute can be traded for disadvantages of another or not. If trade
offs among attribute values are permitted, then a choice strategy is of compensatory nature. Otherwise, it is non
compensatory. The focus of this article is on non-compensatory model. In the non-compensatory model, each 
attribute stands on its own. There are several methods relating to non-compensatory model. Tuey include (1) 
dominance method; (2) satisfying method; (3) sequential elimination method; (4) attitude oriented methods (Yoon 
and Hwang, 1995). 

Dominance method uses pair-wise comparison, looks for one or more alternatives that excel others in one or more 
attributes and equals them in the remaining attributes. All the dominated alternatives are discarded and the final 
choice is made among those non-dominated alternatives. If we start with m alternatives, a non-dominated set is 
obtained after (m-1) stages. 

Satisfying methods compare all alternatives against some predetermined standards and disqualify those not meeting 
the minimum cutoff values. Therefore, these methods are used to dichotomize alternatives into acceptable and 
unacceptable categories rather than to select an alternative. There are two types of satisfying methods: conjunctive 
and disjunctive methods. Although often used together, Conjunctive method disqualifies an alternative if it fails to 
meet the minimum cutoff value in each attribute while Disjunctive method selects those alternatives that meet the 
minimwn standards in one or more attributes. Both methods require the decision-maker to set up the minimal 
criteria 

Sequential Elimination Methods eliminate alternatives in a sequential manner. Some order of importance must be 
predetermined before these methods can be used. There are types of elimination methods: Lexicographic Method 
and Elimination by Aspect method. Lexicographic Method is often used in decision situations where a single 
attribute seems to predominate. For instance, one would choose a graduate school for his/her MBA program entirely 
based on the tuition charged regardless of all other attributes. One way of treating this kind of situation is to compare 
alternatives on the most important attribute. If one alternative has a higher (or more preferable) attribute value than 
any of the other alternatives, the alternative is chosen and the decision process ends. However, if some alternatives 
are tied on the most important attribute, the subset of tied alternatives are then compared on the next most important 
attribute. The process continues in a sequence until a single altefllative is chosen or until all alternatives have been 
considered. 

Elimination by Aspect Method also examines one attribute at a time, making comparisons among alternatives. What 
makes it different from Lexicographic Method is that it eliminates alternatives that do not satisfy some standard, and 
it continues until all alternatives except one have been eliminated. Another difference is that the attributes are not 
ordered in terms of importance but in tenns of their probabilistic discrimination power. That is, attributes are 
examined in the order of likelihood for more alternatives to fail 
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Attitude Oriented Methods take into consideration the decision-maker's attitude toward the decision environment. 
The Maximin method is used when the decision-maker has a pessimistic attitude, and the Maximax method is used 
when the decision-maker has an optimistic attitude. While the Maxi min method picks the best of the worst the · 
Maximax method selects the best of the best. 

A TEACHING EXAMPLE 

Scenario for the Application 

Michelle is a New Jersey resident She is graduating from Montclair State University and wants to go for her :MBA 
degree. From Peterson's Guide to Graduate Programs she has chosen seven schools located in New Jersey which 
offer MBA programs. After initial consideration and screening, she has decided on the most important attributes in 
selecting a school for her MBA program. Michelle has a very high GP A, but a GMA T score of only 510. She is 
anxious to gent into a MBA program as she is a very ambitious girl of modem time. Unfortunately, she is from a 
working-class family and can not expect her parents to financially support her for her graduate studies. Therefore, 
her ideal school will be one that does not charge too much tuition, dose not require too high GMA T score, is not too 
selective in terms of percentage of acceptance, and is not too far away from where she lives. 

The weight she assigns to each attribute is shown on Table l using pair-wise comparison method. To Michelle, 
location is more important than percentage of acceptance, minimum GMA T, Minimum GP A, but less important 
than tuition per credit; in the cases of percentage of acceptance and Minimum GP A, they are the least important of 
all attributes. 

T bl l a e p. . J d arr-wise u 1gements B etween A .b ttn utes 
x. X2 X3 X. Xs :EC 

X1 - p p p < 3 

X2 < - < < < 0 

X3 < p - p < 2 

X. < < < - < 0 

Xs p p p p - 4 

XI = Location; X2 = Percentage of Acceptance; X3 = Minimum GMA T; X4 = Minimum GPA 
XS = Tuition per Credit . 

In this table, the symbol "P" is placed in the (i, j) cell (i = row number, j = column number) when there is a 
relationshipXi > Xj, otherwise the symbol "<" is used. The last column, labeled :EC, indicates the total number of 
P's in each row. The attribute with the highest l:C is ranked first and the attribute with the lowest :EC is ranked last 

· Michelle ranks tuition per credit as the most important attribute in her selection of a school for her :MBA program 

Application of Dominance Method 

This method compares two alternatives at a time to see if one dominates the other. By dominance, it means that one 
alternative excels the other in one or more attributes and equals it in the remaining attributes. ff one alternative 
dominates the other, the dominated one will be discarded. Next, compare the non-discarded alternatives with the 
third alternative and discard the new dominated ones. The process continues until all the dominating alternatives are 
found and the decision-maker can choose between the non-dominated alternatives by taking into account other 
factors. 

Michelle first compares Fairleigh Dickinson University with Montclair State University. She finds that Fairleigh 
Dickinson University is better than Montclair State University in percentage of acceptance but worse than Mon~clair 
State University in all the other attributes. Thus they don't dominate each other. Next, Michelle compares 
Monmouth University with Fairleigh Dickinson University. She does not find a dominating school. The comparison. 
continues and Michelle finds that Fairleigh Dickinson University and Montclair State University dominate Seton 
Hall University; Montclair State University dominates Rutgers - Newarlc; and Montclair State University also 
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dominates William Paterson College. Among the non-dominated schools Michelle may choose either Fairleigh 
Dickinson University, Montclair State University, or Rowan College of New Jersey if she has no other constraints. 

Application of Satisfying Methods 

There are two types of Satisfying methods: Conjunctive Method and Disjunctive Method. These methods are not 
used to select an alternative but rather to dichotomize them into acceptable/unacceptable categories. One alternative 
is acceptable as long as it meets the minimum cutoff specified by the decision maker. Therefore, they are not 
optimizing methods, but satisfying methods. That is, whichever alternative that meets the minimum standards will 
be selected. 

Conjunctive Method 

This method requires that one alternative meet the minimum cutoff on all attributes. Not meeting the minimum 
cutoff even on one attribute, the alternative will be regarded as unacceptable and be rejected. Mathematically, an 
alternative A can be classified as an acceptable alternative only if Xij ~ Xj

0 j = 1, ... n; where Xj
0 is the · 

minimum acceptable level of the jth attribute. 

For this method to be effective, the cutoff values given by the decision-maker play a key role in eliminating the 
alternatives that do not meet the minimum standards. They can not be too high, nor can they be too low. Both 
extremes will unreasonably eliminate some otherwise qualified alternatives. Michelle's cutoff values for each 
attribute are: the school should not be more than 20 miles away from her home; the school's percentage of 
acceptance should not be higher than 800/o or lower than 50%; required GMA T score should not be more than 520 
(she scored only 510); the tuition should not be over $200 per credit As for GP~ since Michelle's current GPA is 
3.80 and she does not expect it to fall below this figure toward the time she graduates, she does not care what the 
minimum GPA is. We can tell that the only choice left for Michelle is Montclair State University as all the other 
schools fail either on one or more attributes. Fairleigh Dickinson University fails on tuition attribute. Monmouth 
University fails on mileage and tuition. Rowan College of New Jersey fails on both mileage and percentage of 
acceptance. William Paterson College fails on percentage of acceptance. While Seton Hall University fails on tuition 
only, Rutgers - Newark fail on both percentage of acceptance and tuition. If Michelle made some adjustments to the 
attribute values, she might be able to have a couple of more choices. 

Disjunctive Method 

Unlike the Conjunctive Method which selects an alternative if it meets the minimum standards on all attributes, the 
Disjunctive Method chooses an alternative if and only if it exceeds the minimal cutoff on one or more attributes. If 
Michelle specifies·that she will choose any school that is less than 20 miles away from home and charges less than 
$200 per credit, then she can have Montclair State University, Rowan College of New Jersey and William Paterson 
Colleges as her choices. As in the Conjunctive Method, selecting a minimum value for each attribute plays a key 
role in the Disjunctive Method. As a matter of fact, these two methods are often used together. 

Sequential Elimination 

There are two MAMO methods that eliminate alternatives in a sequential manner: Lexicographic Method and 
Elimination by Aspects Method. Both methods use one attribute at a time to examine alternatives for elimination. 
After all the alternatives are examined, if more than one alternative still remains, the process is repeated using 
another attribute. The Lexicographic method examines alternatives in the order of attribute importance, · whereas 
Elimination by Aspects does so in the order of attributes that would eliminate the most alternatives. 

Lexicographic Method 

In a decision situation where one single attribute seems to predominate, one way is to compare alternatives on the 
most important attribute. If some alternatives are tied on the most important attribute, the subset of tied alternatives 
are then compared on the next most important attribute. The process continues sequentially until a single alternative 
is chosen or until all attributes have been considered. If Michelle ranks tuition per credit as the most important 
attribute, then all the schools except Montclair State will be eliminated because Montclair State charges the lowest 
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tuition per credit If, however, GMA T score is the predominant attribute, since Michelle has only 510 in her GMAT, 
Rutgers - Newark will be the first to be eliminated. All the other schools will be compared on the next most 
important attribute until only one school is chosen. Let X1 be the most important attribute to Michelle, X2 the second 
most important one, and so on. Then school S 1 is selected -such thatS 1 = . { Si I max Xii}, i = 1, 2 ... , m. If the set 
{ S 1 

} has a single element, then this element is the most preferred school. If there remain multiple schools, consider 
S2 = {S1 I maxXi2}, ·i e {S1

}. If the set {S2
} has a single element, then stop and select this school. Otherwise 

continue this process until either some { S1c} with a single element is found or all attributes have been considered. If 
the remaining set contains more than one school, they are considered to be equivalent. 

Elimination by Aspects 

Unlike Lexicographic method, Elimination by Aspect method eliminates alternatives that do not satisfy some 
standards and it continues until all alternatives except one have been eliminated. Instead of being ordered in terms of 
importance, the attributes are ordered in terms of their probabilistic discrimination power. 

Let X1 be the most effective aspect to eliminate ~e greatest number of alternatives, X2 the second most effective 
one, and so on Then alternative A1 is screened such thatA1 ={A.I ~J satisfies X1 }, i = 1, 2 .. . , m If the set{A1

} has 
a single element, then this element is the most preferred alternative. If there are multiple elements, consider the next 
important aspect X2:A 2 = { A 11 Xi2 satisfies X2}, 1 e { A 1 

} • If the set { A 2 } has a single element, then stop and select 
this alternative, otherwise consider the next important aspect X3, and so on We can see Michelle's order of 
preference on aspects (attributes): tuition less than $200 per credit (X4), less than 20 miles from home (XI), GMAT 
no higher than 510 (X3), percentage of acceptance (X2). With reference to Table 2, the selection process is depicted 
as follows: 

Order of aspect Remaining alternatives 

X4 S2 S4 S7 
Xl Sl S2 S5 S6 S7 
X3 Sl S2 S3 S4 S5 S7 
X2 Sl S2 S3 S5 

where schools that do not possess the required aspect are crossed out. Montclair State University remains the only 
one that satisfies all the attributes and is selected by Michelle. 

Application of Attitude Oriented Methods 

As suggested by the name, these methods consider the decision-maker's attitude toward the decision environment. 
When the decision-maker is pessimistic, he/she uses the Maximin method to identify the worst attribute of each 
alternative and pick an alternative that has the best of the worst attribute ratings. When the decision maker is 
~ptimistic, he/she uses the Maximax method to select an alternative with the best of the best ratings. 

The logic behind the. Maximin method is that a chain is only as strong as its weakest link. When the overall 
performance of an ~ternative is detennined by its weakest or poorest attribute, and the decision maker does not have 
prior knowledge as to which attribute will determine overall performance, the decision maker should take a 
pessimistic attitude and choose that alternative whose worst rating is better than the worst ratings of the others. This 
method selects the maximum of the minimum values, or best of the worst. · 

Under this method only a single weakest or worst attribute represents an alternative while all the other attributes of 
the alternative are ignored. If these lowest attribute values come from different attributes, the decision-maker may be 
basing his final choice on single ratings of attributes that differ from alternative to alternative. 

The selection procedure takes two steps: Determine the poorest attribute value for each alternative, then select that 
alternative with the best value on the poorest attribute. In mathematical terms an alternative A+ is selected such that 

. ,-I 

,A+ = { Ai I max min rij}, where rij is a comparable scale of Xij 
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Michelle will find the minimum rating for each candidate school (rows), and then choose the maximum among the 
minimums. Montclair State is chosen because its value in any attribute is at least 5, whereas other schools have one 
or more weaker attributes. As shown above, this method uses only a small part of the available information in 
making a final choice- only one attribute per alternative. Thus, even if an alternative were clearly superior in all but 
attribute, which is below average, another alternative with only an average on all attributes would be chosen over it. 

The procedure can be diagrammed as follows: 

XI X2 X3 X4 XS Min 

Fairleigh Dickinson 7 7 7 7 2 2 
Montclair State 9 5 7 7 10 S~ax 
Monmouth 3 5 4 9 5 3 
Rowan College 2 9 7 9 9 2 
Seton Hall 5 s 7 7 2 2 
Rutgers - Newark 7 3 2 7 3 2 
William Paterson 7 2 7 ·s 9 2 

The Maximax method, in contrast to the Maximin method, selects an alternative by its best attribute rating rather 
than its worst. Tiris method is particularly useful when the alternatives can be specialized in use based upon one 
attribute and the decision-maker has no prior requirement as to which attribute this is. Like the Maxmin method, this 
method uses a single attribute to represent an alternative, and all the other attributes are ignored. It also requires 
comparability among attributes, just like the Maximin method. Moreover, it also takes two steps. The only 
difference between the two methods is that while the Maximim methods selects the best of the worst the maximax 
chooses the best of the best. An alternative A+ is selected such that A+= {Ai I max max tj}. Using this method, 
Michelle's evaluation process of the seven schools is given below: · 

XI X2 X3 X4 XS Max 

Fairleigh Dickinson 7 7 7 7 2 7 
Montclair State 9 5 7 7 10 I~ax 
Monmouth 3 5 4 9 5 9 
Rowan College 2 9 7 9 9 9 
Seton Hall 5 5 7 7 2 7 
Rutgers - Newark 7 3 2 7 3 7 
William Paterson 7 2 7 8 9 9 

CONCLUSION 

1). Many MADM methods require weight information from the decision-maker. A decision-maker may use either 
cardinal or. ordinal scale to express his or her preference among attributes. In a decision situation, not all attributes 
are of equal importance. The role of weight serves to express the importance of each attribute relative to the others. 
Hence, the assignment of weights plays a key role in the MADM process and may vary from decision-maker to 
decision-maker. 2). A desirable list of objectives should be complete and exhaustive. That is, all important · 
performance attributes deemed relevant to the final decision should be represented by items on the list. Also, only 
mutually exclusive item can be contained. 3). The final list of attributes should be restricted to performance 
attributes of the highest degree of importance. The purpose is to provide a sound basis or starting point from which 
lower-level criteria may subsequently be derived. 4 ). Each problem has numerous attributes. A decision-maker must 
generate relevant attributes for each problem setting. The number of attributes depends on the nature of the problem. 

Note: Refer~nces upon request. 
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Abstract 

Caregivers use a variety of methods to provide oxygen support for short-term 
newborns including nose-plugs, hoods, vents, and CPAP. Many, caregivers assume 
that all oxygen delivery systems have the same characteristics. The objective 
of this study is to examine the different delivery systems relative to their 
effect on the natural patient limits (NPL), that is its own average, standard 
deviation (sd), and distribution. Researchers used a standard process control 
chart approach to identify the underlying stable system of chance causes ~or 
each oxygen delivery system. · Data were collected for patients using each system 
along with detail annotations of events. All data associated with assignable 
causes were eliminated. The final data were examined for stability and a 
process capability study was performed on the data. After eliminating all 
causes, each delivery system was found to have its own average, standard 
deviation, and distribution. None of the systems seemed to satisfy the 
assumption of normality. A conflict wa.s found between the current practice, the 
upper specification limit selected, and the output data. 

Introduction 

Short-term newborns usually have under-developed lungs and require breathing 
support ·in terms of SaO2. If the oxygen saturation in a patient's blood falls 
below 84 percent the patient could die by choking and some physicians feel that 
if the oxygen saturation in a newborn's blood stays above 97 percent for a 
period of time in short-t~rm newborns, the patient could experience blindness 
later in life. · 

Sample size 

A sample of 405 heart beat and 455 oxygen saturation measures was taken for 26 
short- term newborns· at the Brigham and Women's Hospital during the summers of 
1996 and 1997 . . All caregiver actions were annotated and recorded in computer 
data files by an observer sitting at bedside during patient treatment. The data 
recording and observation process was under the direct supe~yision of the 
primary physician. 

The control ·chart analysis was performed using software developed by Biomedical 
Quality Control of America, Inc. Through this step the study was a blind study, 
because no changes could be made in the software during the data collection 
process. 

The eliminating of data associated with an external causal action as recorded by 
the observer required judgement. The study was still blind in that the analyst 
had no idea of how his judgement would effect the final analysis. 
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Treatment 

The primary treatment for under-developed lungs is to provide the patient with 
oxygen support. Among the oxygen delivery methods are nose-plugs, hoods, vents, 
and continuous positive air pressure (CPAP). Our hypothesis was that the 
natural patient limits, that is, the standard deviation for patients supported 
by each support method vary according to support method. 

Steps 

The steps in our analysis were: 

1) To collect vital sign data along with annotations on clinical actions• 
and patient condition for each treatment group plus patients with 
respiratory problems on room-air. 

2) To eliminate all data associated with external causes in an attempt to 
find the natural variation of each patient group. 

3) To check the researchers' stability assumptions using process control 
charts. 

4) To calculate the standard deviation for each group and the upper 
natural patient limit (UNPL) and the lower natural patient limit (LNPL) 
on the assumption that the oxygen saturation data are normally 
distributed. 

5) To test the data to see if it followed the classic bell shape normal 
distribution pattern. 

Steps 1 and 2 were completed with ease. In step 3 we found that there was still 
a degree of possible casual instability for patients within each treatment group 
(Figure 1). Since we could not justify the removal of the unstable data we 
proceeded with our study under this limitation. We calculated the standard 
deviation and the UNPL and LNPL using 3-sigma limits and the assumption of 
normality for each treatment group. 

Figure 1 Stable Controi Chart . •: . •· 
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Results 

The results of this analysis was: 

Overall Room-air Nose-plugs Hood Vent CPAP 
Sigma': 1.44 1.89 1.62 1.26 0.90 0.83 
UNPL: 100.54 101.89 . 101. 08 100.01 98.93 98.73 
LNPL: , , 91.92 90.57 91.38 92.45 93.53 93.73 

A measure of the SaO2 treatment is the standard deviation. Continuous positive 
air pressure (CPAP) has the lowest standard deviation, while room-air, that is 
no treatment had the largest. In our last step we found that the assumption of 
normality was not valid 

Specification Limits 

The amount of oxygen saturation in a newborn's blood has both an upper 
specificat~on (USL) and lower specification limit (LSL). The LSL is in the range 
of 83 to 86 with 84 being the most popular that we have encountered. I~ the 
oxygen saturation falls below the LSL, then there is a danger of choking, brain 
damage from lack of oxygen, and even death. · 

Some physicians feel that during development, if the oxygen saturation in a 
baby's blood around the eyes is "near" 100% then there is a danger of blindness 
when the child reaches approximately 20 years of age. There is another group of 
physicians who feel the blindness is due to excessive light. Pulse oximetry 
devices are noninvasive devices used to indirectly measure oxygen saturation in 
·the blood using a light transmitted by a finger or other type of probe. The 
device truncates it output to the nearest percent. It outputs a 97, 98, 99, or 
100, it . cannot output a 97.5! Pulse oximetry is used because it is inexpensive, 
easy to use, and noninvasive. Our data were collected using pulse oximetry. 

Figure 2 illustrates a comparison of the observed data versus a normal 
distribution with the overall average and standard deviation. Figure 3 
illustrates a similar comparison for just the CPAP data. The visual test tells 
us that the data indicates that neither distribution is normal. For 
completeness we ran a Kolmogorov-Smirnov (KS) test and obtained the expected 
results. 
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Figure 3 CPAP data (number of observations 242,620) 
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The results for non-CPAP patients as a group are illustrated in Figure 4. The 
distribution of observation has shifted towards a lower oxygen saturation level 
and the shape of the distribution is approaching a more normal looking 
distribution. The non-CPAP .cases include room-air, vent, and hood patients. The 
study indicates that more data are needed with additional stratification of the 

. patients according to the oxygen support being given. 
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Figure 4 Non-CPAP (number of observations·162,835) 
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The USL used for pulse oximetry varies from 96 to 98 percent with the most 
common set at 97 percent, which is the normal value for adults. The percent of 
output at 97 or above was 55 percent for all the data, 31 percent for non-CPAP 
data, and 71 percent for the CPAP data. There is a problem with the USL of 97. 
The problem· is more critical for the patients using CPAP then for the patients 
not on CPAP. 

Actions 

Our analysis tells us that the patients on CPAP have high levels of oxygen 
saturation (relative to the danger of blindness). The analysis indicated that 
in order to keep oxygen saturation levels under 97 percent, patients using CPAP 
must be controlled such that their average oxygen saturation is around 94 
percent. Question: can this be done with an increase in the standard deviation? 
Observation, if the oxygen saturation can be controlled, a process control chart 
most likely will be needed. 
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Conciusions 

The USL for newborn must consider the type of oxygen support provided the 
patients. Bas·ed on this limited study( the USL for CPAP supported patients is 
more critical than for the other patients. More .data are needed so that the 
study can be organized to handle each type of oxygen support as an individual 
issues. Our study is a good first step. The study is limited by: 

1. The 
2. The 
3. The 

the 
4. The 

number of patients selected 
amount of data available 
lack of 100% stable data or an explanation of the results obtain, 
failure of the data to test normal {for the CPAP patients) 
lack of precision in our SaO2 measurement {to a whole number only). 

We feel the study is a good first step that points the way to additional 
research. 
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Since the advent of just-in-time production, carrying inventory has developed a bad reputation. However, there are 
still companies that must keep inventory in stock for strategically important items where there is a high penalty for a 
stockout. Medical facilities fall into this category. To help control costs and prevent shortages, an accurate 
forecasting procedure is necessary. Our study forecasts inventory usages at a medical facility using a neural net and 
compares the accuracy to that of other methods. Presently, a naive forecast is being used. A weighted stockout 
penalty is implemented where forecasts that are too low will be given a higher penalty than those that are too high. 

I. INTRODUCTION 

Just~in-time production promotes the idea that inventory is evil. However, for some companies keeping inventory on 
hand is a necessary evil. Companies in the defense industry and medical fc1cilities must keep a supply of strategically 
important items in inventory because of the high cost of a stockout. Accurate forecasts are· necessary in order to 
minimize costS, but more importantly, to prevent shortages. Our study forecasts the usage of two different inventory 
items at a medical facility using two neural network methodologies and compares the accuracy to that of other 
traditional extrapolative methods. · 

Forecast errors imply incorrect stocking of items. Forecasts that are too high lead to excess carrying costs and 
potential spoilage of perishable medical supplies. Conversely, forecasts that are too low can endanger patients' lives 
if the required supplies are not available. The latter cost can potentially be much higher; therefore, for this study, a 
weighted forecast cost is calcula~ed where forecasts that are too low are assigned a higher stockout cost than 
forecasts that are too high. 

II. THE MEDICAL FACILITY 

Themedical facility in our study provides treatments to patients which are perfonned a known number of times per 
week - that is patients have appointments for the treatments, and the appointments are a reliable predictor of the 
number of treatments performed. · 1n addition, the total number of treatments per week may differ slightly from week 
to week due to illness, death, new patients, etc. Inventory items fall into two broad classes: (1) items which are used 
specifically in the treatments and (2) ancillary items which are kept on hand to be used when necessary. For this 
study, the items to be forecast fall into the first category. 

Currently, inventory is counted once a month and an order is placed. The amount ordered is based on the naive 
approach where the amount used in the previous period is used as the forecast usage for the next period and that 

: Dr. Miller is the primary contact for this paper~ Send all correspondence to Dr. Pamela Miller, 4762 Hwy 485, 
Robeline, LA 71469 
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amount is ordered. The employee in charge of ordering may adjust the amount ordered using his own judgment. The 
order is received in two shipments because of limited storage space. The first shipment is received one full period 
after the order is placed (Medical Facility Personnel, 1997). 

Two items which are used specifically in the treatments have been chosen for this study. Item A is used in the 
treatments, and one item is used for each treatment. There are occasions where this item must be discarded and 
replaced during a treatment, but this happens in only 1 to 2% of the treatments each month. This item is relatively 
easy to forecast since the number used is related to the number of treatments. In contrast, predicting the usage for 
Item B is much more difficult. Item B is used for one patient only, and it may be used for that patient for more than 
one treatment. While there is a maximum nwnber of treatments in which it can be used, there is no minimum. 
Events can occur which prohibit it from being used again, and it must be discarded. Since the nwnber of uses is hard 
to predict, forecasting demand for this item is challenging. 

When forecasts are too low and an item stocks out, it must be shipped next day if possible or the local facility can 
contact sister facilities in the organization to see if they have an extra amount on hand of that item. The latter 
scenario requires an inventory transaction, but more importantly, the items must be transported between facilities 
which carries a cost. This cost will depend on the distance between the facilities, the modes of transportation 
available, and the number of units of the item that are required and can be high. In some cases, a worker must drive 
to another city to retrieve the items. The costs involved may include fuel, wages for the worker, lost work time at the 
facility, and lost goodwill. Of course, in the instance of next day shipping, the company incurs additional 
transportation costs and potential lost goodwill. 

ill. EXTRAPOLATIVE METHODS 

Extrapolative forecast methods are the focus of this study since they require only previous values of the series to be 
forecast in order to develop the forecasts. (See Armstrong, 1984; Chambers, Mullick, and Smith, 1971; Chambers, 
1988; Makridakis, et al., 1982; Makridakis, et al., 1993; Makridakis and Hibon, 1979; and Ma:kridakis, Wheelwright, 
and McGee, 1983, for a review of forecasting methods and method selection.) So, the forecasts for Item A are 
developed from data collected concerning the historical usage of Item A. The same is true for Item B. Five 
traditional extrapolative methods are used to prepare forecasts for the two items. The accuracy of these traditional 
forecasting methods is compared to that of two neural network methods. 

The traditional extrapolative methods employed are: naive, moving average, exponential smoothing, trend, and 
regression. Briefly, the forecasts are calculated as follows: 
Naive: F, = A1•1 

Moving Average: F1 = (A1•1 + A1•2 + ··· + A1.1) I k 
Exponential Smoothing: F1 = F1•1 + ae1•1 
Trend: F, = b0 + b1t 
Regression: · F, = b0 + b1At.1 
In each case, F, represents the forecast for period t, and At.1 represents the actual value at period t-k. For the moving 
average, k is a·parameter (k > 0) which determines the number of actual values to be used in the moving average 
forecast; it must be determined by the analyst. For exponential smoothing, a is a p~ameter (0 s a s 1) which 
determines the proportipn of the previous forecast error (e,.1) which is to be used to augment the current forecast 
(where e, = At- F,). For the trend and regression methods, b0 and b1 represent they-intercept and slope, 
respectively, which are estimated using ordinary least squares. 

These traditional methods require two caveats. First, the accuracy of every other forecasting method should be 
compared to. that of the naive method. Since the naive method is so simple, any other method should exhibit 
significant increases in accuracy to be worth the additional computational effort. Secondly, the moving average and 
exponential smoothing methods are known to be biased in the case of a consistent trend because these smoothing 
methods will always lag behind the trend. ,..; 
The two neural network methods both use feedforward neural networks with supervised training; one employs a 
. "global" approximation technique (backpropagation), and the other employs "local" approximations (radial basis 
functions (radial basis function). In feedforward networks, data is fed into an input layer, passed forward to a 
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''hidden" (or middle) layer, and finally passed forward to an output layer. Each layer consists of one or more simple 
processing units called nodes or neurons. The nodes in the input layer simply pass the data forward. The nodes in 
the hidden layer typically perform a simple nonlinear transformation on the weighted sum of the input data. Finally, 
the nodes in the output layer calculate a weighted sum of the data from the hidden layer; this final weighted sum is 
the resulting output. Supervised training methods adjust the weights between the layers by comparing the output to 
the desired output. (See Bressloff and Weir, 1991, and Kosko, 1992, for an overview of neural networks. Tang, de 
Almeida, and Fishwick, 1991, Tang and Fisbwick, 1993, and White, 1988, are among studies which present the use 
offeedforward neural networks as time series forecasting tools.) 

The first neural network method uses the very popular backpropagation algorithm to adjust the weights iteratively 
until the training stops. This is a global approximation approach. Training is typically stopped when the resulting 
output converges to within an acceptable tolerance of the actual ( or desired) data. In practice, this can lead to an 
overtrained network which performs very poorly when asked to forecast beyond the training data. (See White, 1993, 
for example.) For this study, a heuristic which stops training at the second inflection point on the error curve was 
used to prevent overtraining. (See White and Wiggins, 1995.) For both items, the network included one input node, 
four nodes in the hidden layer, and one output node. At each node in the hidden layer, the sigmoidal transformation 
was performed upon the weighted input. The sigmoidal transformation is (l-e-x)/(1 +e-x). Mathematically, the 
calculation of the forecast using the neural network can be expressed as: F, = A(2(bA,.1)) where bA,.1 indicates the 
dot product (or weighted sum)-the input value (A,.1) adjusted by the weight between the input and hidden layer (b), 
E represents the sigmoidal transformation, and A represents the dot product (weighted sum) of the output from each 
hidden node and the weights between the hidden and output layers. (We use SNNAP, Wiggins, Borden, and 
Engquist, 1992, as our backpropagation simulator.) 

The second neural network methodology uses radial basis functions whereby each node in the hidden layer 
represents a point ink-dimensional space (where k indicates the number of input nodes). This is a local 
approximation approach. In this instance, the weights between the input and hidden layer are all set to one. At the 
hidden layer, the Euclidean distance between the input vector and the point in space is calculated. A multiquadric 
transformation is applied to the resulting scalar (<l>(q) = (q2 + c2

)
112, where c is a constant). The weights between the 

hidden and output layer are calculated using ordinary least squares, and the output is calculated as the weighted sum 
of the transfo~ed distances between the points represented by the hidden nodes and the input vector. 
Mathematically, the radial basis function network can be expressed as: F, = A(<l>(IA,.1 - hi) where l•I represents the 
Euclidean norm, <I> represents the radial basis function, and A represents the dot product (weighted sum) of the 
output from each hidden node and the weights between the hidden and output layers. (See Buhmann and Powell, 
1989, and Powell, 1987, for an overview of radial basis function network approximations. Franke, 1982, and Hardy, 
1971, provide an overview of various radial basis functions.) 

Six different accuracy measures are calculated for each method for each item. Mean squared error (MSE), mean 
absolute deviation (MAD), mean absolute percent error (MAPE), r-square, Cost, and Bias. The formula used to 
calculate each measure is given below: 
MSE = (I:e?) In MAD = (I:le,I) / n 
MAPE = (I:[le,I / {(A.+F,)/2}]) / n r-square = SSModel / SSTotal 
Cost= (I:cost) In where cost= $100•e, if e, > 0 and $10*1e,I if e, <O 
Bias= I:e, 

The different accuracy measures are useful for assessing different types of possible errors. MSE penalizes large 
errors more, while MAD does not. MAPE gives an idea of the potential impact of the error. R-square measures the 
"fit" of the forecasting model. Cost is a weighted accuracy measure which penalizes forecasts that are too low much 
more than forecasts which are too high. In the medical facility, running out is potentially much more costly than 
carrying costs. Finally,_Bias measures whether or not a particular method consistently under- or over-forecasts. 
Ideally, Bias would be zero which indicates that the method is "correct," on average. A negative Bias indicates a 
model that is too high, on average; a positive Bias indicates a model that is too low, on average. (Armstrong and 
Collopy, 1992, Chatfield, 1988, Makridakis, 1987, and Makridakis, 1993, present an overview of forecast accuracy 
measures.) 
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IV. RESULTS 

The results for Item A are presented in Table 1 on the following page. There are two moving average forecasts: one 
using k = 2 and ·one using k = 3. There are also two exponential smoothing forecasts: one using a.= 0. 7 and one 
using a.= 0.8. Finally, there are two regression models: one using At.1 only and one using At.1 and A.}. 

Table values which are bold indicate values which differ significantly at the 5% level. The bold and double asterisks 
entries are significantly better. The backpropagation neural network appears to be significantly better than the other 
methods - except when costs are considered. The low cost shown by the radial basis function network is a direct 
consequence of its negative bias; recall that forecasts that are too high are much less costly than forecasts which are 
too low. The negative bias indicates that the radial basis function network consistently overforecasts usage for this 
item. It is significant to note, however, that the neural network methods do appear to be significantly better than the 
traditional statistical methods using five of the six chosen criteria. 

The results for Item B are presented in Table 2 on the following page. There are two moving average forecasts: one 
using k = 5 and one using k = 6. There are also two exponential smoothing forecasts: one using a. = 0.2 and one 
using a.= 0.3. Finally, there are two regression models: one using At-I only and one using At.1 and log (At_1). 

Comparing MAPE, r-square, and Cost between Table 1 and Table 2 indicate the greater difficulty in forecasting 
usage for Item B. 

V. CONCLUSIONS 

For Item A, the backpropagation neural network appears to be significantly more accurate than any of the other 
methods considered. The only disadvantage of this global neural network approximation technique for forecasting 
the usage of Item A is that it is slightly biased; however, the bias is very small - particularly when compared to the 
other biased methods. For Item B, the radial basis function network exhibits a significant advantage in terms of"fit" 
to the existing data; its r-square is significantly higher than that of any of the other methods, including the trend and 
log regression models. It is interesting to note that the trend forecast also appears to be good for Item B. This study 
offers support for the belief that neural network approaches for forecasting can offer improvements in accuracy over 
traditional methods. 

One should be warned about directly comparing the accuracy measures between the two items. The usage of Item A 
ranges from approximately 700 to 900 per two weeks, and the usage of item B ranges from approximately 100 to 200 
per two week period. Thus, the lower MSE, MAD, and Cost measures for Item Bare a function of the magnitude of 
the nwnbers - and not of differences in relative accuracy. Of course, the MAPEs for Item Bare elevated somewhat 
since the divisor is smaller given the lower usage. It is .correct to compare forecast accuracy measures/or the same 
item only. 

Future research should seek to identify methodologies whith can aid in forecast selection techniques. This small 
study highli~ts differences in the accuracy of the different techniques when employed on items with drastically 
different behaviors. This initial study suggests that global approximation techniques are useful for series which are 
stable and local approximation techniques may possess advantages for series which are more difficult to predict. 

In addition, we will seek to obtain the forecasts employed by the Medical Facility personnel and compare the 
accuracy of the traditional extrapolative methods with that of the judgmental approach currently used. We plan to 
expand the forecasting techniques to incJude causal methods since data are available for number of treatments. We 
anticipate that causal methods will offer increased accuracy, and we believe that the Medical Facility can benefit. 
from the implementation of causal methods since patients are expected to make appointments in advance of the 
treatments. Therefore, data for future values of number of treatments are available to be used as inputs to the causal 
forecasting model. · 
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Table 1: Results for Item A 
Method MSE MAD MAPE r-square Cost Bias 
Narve· 1759.27 30.76 4.13% 0.8690 $1,947 5.67 
Moving 
Average k=2 2034.15 34.04 4.55% 0.8497 $2,234 8.04 
Moving 
Average k=3 2056.57 34.39 4.63% 0.8505 $2,366 10.56 
Exponential 
Smoothing 
a.=0.7 1715.66 31.54 4.24% 0.8724 $2,083 7.75 
Exponential 
Smoothing 
a.=0.8 1718.85 31.38 4.21% 0.8718 $2,035 6.87 
Trend 1829.35 33.44 4.47% 0.8561 l: $1,839 0.00 
Simple 
Regression 1665.09 30.12 4.04% 0.8690 r $1,657 0.00 
Quadratic 
Regression 1499.99 30.08 4.06% 0.8820 $1,654 0.00 

--
Back-
propagation 
Neural 
Network ** 1306.52 ** 27.97 ** 3.76% ** 0.8973 $1,541 0.06 
Radial Basis 
Function 
Network 3244.45 43.27 6.00% 0.8250 ** $1,059 -29.36 

Table 2: Results for Item B 
Method MSE MAD MAPE r-square Cost Bias 
Naive 1032.48 23.60 25.02% 0.0316 $1,330 0.72 
Moving 
Average k=S 726.14 18.75 18.73% .. 0.0089 $ 998 -0.74 
Moving 
Average k=6 735.15 19.41 19.26% 0.0011 $1,004 -1.41 
Exponential· 
Smoothing 
a.=0.2 667.95 18.87 18.99% 0.0399 $1,224 4.13 
Exponential 
Smoothing 
a.=0.3 684.65 19.40 19.48% 0.0399 $1,187 2.67 
Trend 582.05 •• 17.27 17.24% •• 0.0738 $ 950 0.00 
Simple \ 

Regression 610.31 18.43 18.32% 0.0289 $1,014 0.00 
Log 
Regression 589.54 17.81 17.79% ** 0.0619 $ 980 0.00 
Back-
propagation 
Neural 
Network 623.66 17.97 17.83% 0.0128 $ 993 0.11 
Radial Basis 
-
.lWl~UUU 

Network 570.84 17.64 17.77% ** 0.0917 $ 970 0.00 
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