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Dear IEMS Participant: 

It is with pleasure that we present to you the Proceedings of the 2000 
International Conference on Industry, Engineering and Management 
Systems. This year, we had 92 papers presented at our conference. 
The papers presented this year were of consistently high quality in 
their respective fields. 

We have continued to use a blind referee process this year to review 
papers for this Proceedings, helping to ensure that papers of the 
highest quality are published herein. We present this Proceedings to 
you in the spirit of continuous improvement. Your comments and 
suggestions regarding the continued improvement of the IEMS 
Proceedings are welcomed. 

I would like to extend a special word of thanks to Elki Issa, our 
Administrative Coordinator. Elki has worked diligently behind the 
scenes to make IEMS a success. 

We look forward to seeing you at IEMS 2001 ! 

Warm Regards, 

Dr. Randall Harris 
IEMS 2K Proceedings Editor 
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Mathematical Analysis of Cervical Cancer Screening Policies 
(Does the Federai Requirement Make Any Sense?) 

James C. Benneyan, Ph.D. 

Northeastern University, Boston MA 
benneyan@coe.neu.edu 

ABSTRACT 

This paper summarizes several recent analytic studies by the author to investigate cervical cancer screening policies 
commonly used in the examination of Pap smears for early detection. In particular, we investigate and compare: 
a) the policy mandated by the Clinical Laboratory Improvement Amendments Act (CLIA), b) recently proposed 
automated rescreening approaches, and c) possible improvements and alternatives to CLIA. These alternatives are 
motivated by a desire to reduce the high costs associated with diagnostic errors and are similar to manufacturing 
policies that use multiple 100% inspections to eliminate nonconforming product in the presence of inspection error. 
Using mathematical and expected cost models, significant improvements in early detection and total costs are to be 
shown possible by changing_the policies currently mandated under CLIA. AdditionalJy, using automated 
rescreening devices recently approved by the FDA in many cases can be a move in the wrong direction in terms of 
accuracy and cost, despite widespread marketing by the manufacturers to the contrary. 

INTRODUCTION 

Recent litigation and several large settlements due to false-negative Pap smear results have attracted considerable 
media attention and public concern. For example, Robb (1993) stated that 15 of every 100 pathologists is currently 
involved in a malpractice lawsuit, of which 10% directly concern a false negative determination from a Pap smear. 
In order to minimize future liability and total costs, the re-design of clinical laboratory policies should depend on the 
ability to detect truly positive and truly negative patients and on all costs that are incurred as a result of these 
policies. Motivated by these statistics, concerns in tqe media, publicized wrongful death lawsuits, and the 
importance of early detection, we therefore derived several mathematical models as part of an interdisciplinary 
effort to develop a thorough statistical and economic understanding of cancer screening processes, to compare 
alternatives, and to identify the overall optimal policy. This approach is similar philosophically to that taken in 
industry, in which probability and inspection cost models are used to determine whether or not to inspect production 
and to identify the effects of multiple inspections of accepted or rejected items. 

Currently, as an attempt to improve the accuracy of the overall screening process, the 1976 Clinical Laboratory 
Improvement Act (amended 1988) requires that laboratories randomly sample and rescreen by a pathologist a 
minimum of 10% of all Pap smear slides that initially are judged to be negative by laboratory technicians called 
cytotechnologists. Additionally, 100% of slides judged to be positive by cytotechnologists are re-examined by a 
pathologist. An editorial by Melamed and Flehinger (1992) in the medical journal Acta Cytologica, however, 
criticized the use of this mandatory 10% random rescreening rule as a means of detecting unacceptable performance 
in Pap smear screening. Numerous other authors also have questioned this policy since its original introduction in 
1976 and proposed alternative quality assurance policies, although a study by Ashton (1989) indicated that most 
cervical cytology laboratories continue to apply the 10% rescreening rule as a method of quality assurance, with 
some facilities rescreening negative slides at rates higher than 10% (Koss, 1993). 

More recently, automated rescreening systems have been advocated by their manufacturers (Koss et al 1994, Patten 
et al 1996), although their value relative to CLIA has been questioned and point to the need for further analysis 
(Hutchison et al 1996, O'Leary et al 1998). The models summarized below can be used by risk managers, 
clinicians, and regulatory bodies to help study and compare the effectiveness of CLIA, rescreening rates other than 
10%, multiple rescreenings, and automated rescreening in terms ofoverall sensitivity, specificity, and total costs. 
Results to-date suggest that significant improvements in the detection of cervical cancer and in total costs are 
possible via alternate screening policies instead of the current policy mandated under CLIA, with one to three 
repeated screenings by cytotechnologists and 0% or 100% of all negative slides being re;creened by a pathologist 
(Benneyan, 1997). Furthermore, the proposed use of automated rescreening has been shown in many likely 
scenarios to actually increase cost and reduce accuracy when compared to either CLIA of the optimal non
automated policy (Benneyan 1997, Kaminsky et al 1997). 
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PROBABILITY OF DETECTING TRULY POSITIVE OR TRULY NEGATIVE PATIENTS 
. . . ( . 

__ For conventional (non-automated) screening processes, Benneyan (1997) and Benneyan and Kaminsky (1995) 
developed mathematical models that determine the probability of detecting truly positive and truly negative patients, 
based on the following assumptions and notation: 

1. Each cytotechnologist i an? eac_h pathologist has_ a sensitivity~~ 1 - ~ci and 1 - ~p, n~spectively. Thus, the .. 
probability that a pathologist will correctly classify a truly positive shde as positive is 1 - ap and the probability 
that the ith cytotechnologist will correctly classify a truly positive slide as positive is 1 - aci· These sensitivities 
are assumed to remain constant over time and to be independent of the rescreening rate. 

2. Each c~t~technologist i and each pat~olo~ist has a specific!ty of 1 - PCi and_ 1 - Pp. respectiv~ly. _Thus, the 
probab1hty that the ith cytotechnologist will correctly classify a truly negative shde as negative is 1 - Pei, the 
probability that a pathologist will classify a truly negative slide as negative is 1 - Pp- Again, these specificities 
are assumed to remain constant over time and are independent of the rescreening rate. 

3. Each slide may be inspected repeatedly by a specified number,}, of independent cytotechnologists. A negative 
_ reading by any cytotechnologist causes a slide to be re_ad by the next technologist. If any technologist 
determines a slide to be positive, the slide is given to a pathologist for confirmation. If all} cytotechnologists 
determine the slide to be negative, it is randomly selected at a rescreening rate of (r x 100)% by a pathologist. 

With these assumptions, the probability of detecting truly positive and truly negative patients are: 

Probability of detecting a truly positive.patient = Pi= (1-aP )[1-(1- r)p ac; ], and 
t=i 

Probability of detecting a truly negative patient = qi = 1- /l P[ I - (I - r) )J ( I - /l c.} l 
lf n positive patients are screened independently, then the number of correct positive and correct negative identifica
tions can be modelled with binomial distributions with parameters n andp1 and parameters n and q1, respectively. 
As shown below, these mathematical models can be used to examine the magnitude of the expected number of 
correct positive and negative identifications as a function of aci, ap, Pq, Pp, and the rescreening rate. Figure 1 illus
trates the effect of the rescreening rate on the overall sensitivity for various scenarios, on the left using just one 
cytotechnologist and on the right using two identical cytotechnologists (with ac, = acJ 

Overall Policy Sensitivity After 1 Screening per Smear 
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Figure 1: Number of Correct Diagnoses per 1000 Positive Patients (Pathologist Sensitivity = 0.95) 

As these examples show, the mandated 10% rescreening policy does not significantly improve the -detection of truly 
positive patients when co_mpared to a 0% rescreening policy. Additionally, significant improvements in the -
detection of truly positive patients are possible by using more than one cytotechnologist. Finally, it can be shown 
that the pathologist sensitivity, 1 - ap, is a mathematical upper bound on the overaU sensitivity of any sequential 
screening policy, regardless of the rescreening rate, whereas the overall specificity is bounded mathematically above 
by the pathologist specificity, 1 - Pp- · 
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Figure 2 summarizes similar results for the number of correct identifications of truly negative patients. Figures I 
and 2 also nicely illustrates the inherent tradeoff that confronts risk managers - that repeated screenings and 
additional cytotechnologists decrease the rate of false-negatives, but increase the false-positive rate and increase 
operating and labor costs. These tradeoffs are incorporated into the following cost model in order to help determine 
the optimal minimum total cost laboratory screening policy. 

System Specifictty wtth 1 Cytotechnologist Screening System Specificity with 2 Cytotechnologist Screenings 
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Figure 2: Number of Correct Diagnoses per 1000 Negative Patients (Pathologist Specificity= 0.80) 

TOT AL COST OF CANCER SCREENING POLICY 

Benneyan ( 1997) and Benneyan and Kaminsky (1995) also developed several cost models to help determine the 
total cost of any specific lab screening policy, based on the following additional assumptions and notation: 

4. Slides that are judged to be negative by all} cytotechnologists either are accumulated in a pool until that pool 
reaches a pre-determined size m, at which time a random sample of size rm is selected for rescreening by a 
pathologist, or are randomly selected to be rescreened immediately with probability r. 

5. The following costs may be incurred a random number of times per every n processed smears: 

k1 = per slide screening cost by a cytotechnologist, 
k2 = per slide screening cost by a pathologist, 
k3 = average cost per false positive result, 
k4 = average cost per false negative result, and 
k5 = per slide screening cost by a automated rescreening process. 

Note that all of the realities of the true system are captured in the above assumptions and that the concept of a cycle 
in assumption 4 defines a regenerative process. Using these costs and the previous notation, the expected value of 
the cost per n processed smears for any particular values of} and r , denoted EC1,r, can be shown to be: 

This cost model now can be used to evaluate a variety of screening policies for any specified of values of k1, k2, k3, 
k4, aCi, ap, ~"1' ~P , p, and n. Moreover, the optimal rescreening rate r and number of cytotechnologists j which 
minimize the total expected cost also can be found, such as by a simple half-interval search. For example, Table 1 
compares the expected costs for four situations where the following values were assumed, based on discussions with 
p_athology practitioners, and assuming identical cytotechnologists such that <Xc

1 
= ac

2 
= ac

3 
= ... = ac: 

k1 = $3 .00, k2 = $9.00, k3 = $750.00, n = 100, andp = 0.o15 . 
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Table 1. Exam pies of Total Expected Cost per 100 Smears and Identification of the Optimal Policy 

Expected Cost per 100 Processed Smears 

Average Cost per False-Negative= $5,000 . $50,000 

Number of Rescreen Technician Sens= .95 Technician Sens= .60 Technician Sens= .75 Technician Sens= .75 
Technicians Rate(%) Pathologist Sens= .95 Pathologist Sens = .60 Pathologist Sens= .95 Pathologist Sens = .95 

0 $5J37 $2,695 S22,I02 
JO("CLIA'~ $5,593 $2,953 $20,756 

20 $2,072 $5,848 $3,210 $19,410 

30 $2,472 $6,104 .... $3,467 $18,064 

40 $2,871 $6,360 $3,725 $16,718 

50 $3,271 $6,615 $3,982 S 15,373 

60 $3,670 $6,871 $4,239 S 14,027 

70 $4,070 $7,127 $4,497 $12,681 

80 $4,470 $7,382 $4,754 SI 1,335 

90 $4,869 $7,638 $5,011 $9,990 

100 $5,269 $7,894 $5,269 $8,644 

2 0 $1,434 $9,244 
2 IO Sl,845 $9,212 

2 20 S2,257 S5,444 S2,599 S9,180 
2 30 S2,669 S5,785 $2,968 S9,149 
2 40 $3,080 $6,127 S3,337 S9,117 
2 50 $3,492 $6,468 S3,706 $9,085 
2 60 $3,903 $6,810 $4,075 $9,053 
2 70 $4,315 $7,152 $4,444 $9,021 
2 80 $4,72-7 $7,493 $4,813 $8,989 
2 90 $5,138 $7,835 $5,182 S8,957 
2 100 S5,550 $8,176 $5,551 $8,926 

3 0 $1,890 $4,804 s2,002 $6,379 
3 IO $2,283 S5,168 $2,383 $6,660 
3 20 $2,676 $5,532 $2,765 $6,941 
3 30 $3,068 $5,896 $3,146 $7,223 
3 40 $3,461 $6,260 S3,528 $7,504 
3 50 S3,853 $6,624 $3,910 $7,786 
3 60 $4,246 S6,988 S4,291 SS,067 
3 70 $4,639 S7,352 $4,673 $8,348 
3 80 $5,031 S7,716 S5,054 S8,630 
3 90 $5,424 $8,080 $5,436 S8,911 
3 100 S5,816 $8,444 S 5,8-l 8 S9,193 

4 0 S2J39 $5,082 S2J68 

4 100 $6,070 $8,697 $6,071 $9,446 

s 0 S2,766 SS,440 $2,775 $6,212 

5 100 S6,310 S8,938 S6,312 $9,687 

Cost per single technician evaluation= $3 Technician Specificity = 95% 
Cost per single pathologist evaluation= $9 Pathologist Specificity= 95% 
Cost per false-positive = $750 Incidence Rate of Cervical Cancer = 1.5% 
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DISCUSSION 

The scenario in column 3 represents fairly accurate technicians and pathologists with high sensitivities and 
specificities, resulting in the minimal total cost policy being a single cytotechnologist screening and a pathologist re
screening rate of0% (not 10%). Note that a savings of approximately $400 per 100 smears would result from 
changing from current practice to this optimal policy, equating to roughly $208 million per year if extrapolated to 
the 52 million smears examined annually in the U.S. Under CLIA, however, this policy is not permitted. It also is 
interesting that the policy of single screening with a I 0% rescreening rate, which is the minimum permitted under 
CLIA, has a higher expected cost than 2 cytotechnologist screenings with a 0% rescreening rate. · 

The scenario in column 4 uses the same costs and high specificities, but now with lower sensitivities (more false
negatives) for both the technicians and pathologists. The results indicate that the optimal policy now is to use 2 cy
totechnologists, again with a rescreening rate of 0%, at a savings of over $832 per I 00 smears, or roughly $418 
million and 93,600 fewer false-negatives per year. In this case, the sequential multiple technician screenings 
counteract their low individual sensitivities, although the expected cost of the optimal policy is considerably higher 
than for the previous example. The overall cost of poor individual sensitivity therefore can be quite high. The 
example in column 5 may be the most likely in terms of sensitivities, again resulting in the optimal policy being to 
use 2 independent screenings and a 0% rescreening rate. In this case, changing from CLIA to this optimal policy 
would result in $1,092 savings per I 00 smears and an increase in overall process sensitivity by over 20%, or roughly 
$568 million and 120,400 fewer false-negatives per year. 

For completeness, column 6 illustrates a more extreme false-negative cost, resulting in 4 independent evaluations 
and 0% rescreening being optimal by several magnitudes, with a savings over CLIA of almost $15,000 per I 00 
smears and an increase in overall process sensitivity by over 28%, or roughly $7.4 billion per year and 164,000 
fewer false-negatives per year. This last case illustrates that scenarios theoretically can exist where ·something more 
than double rescreening is optimal. This can happen, for example, when the cost of false-negatives is extremely 
high relative to that of false-positives and to that of a pathologist examination, as might be the case when testing for 
life threatening medical conditions. Note that high false-negative co·sts very dramatically increase the total cost of 
any laboratory policy, with less rescreening resulting in higher total costs. 

The above results are similar to industrial experiences where multiple inspections significantly improve overall 
outgoing quality in the presence of inspection error, the optimal number of re-inspections often is between I to 3, 
and partial inspection of manufactured items never results in minimum costs. In fact, Benneyan and Kaminsky 
(1995) showed that the optimal screening policy for any combination of sensitivities, specificities, incidence rate, 
and number of cytotechnologists also always must employ either 0% or I 00% rescreening. That is, in no case will 
partial rescreenin·g ever result in the best possible laboratory policy. This is a very significant result in light of 
current laboratory practices and federal requirements to the contrary. An algorithm also has been developed to 
identify the optimal amount of rescreening in any particular scenario that minimizes all competing costs, again very 
similar to industrial inspection research. For example, Figure 5 compares similar competing costs in an industrial 
setting on the left with the identification of the optimal cervical cancer screening policy on the right_. 
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Figure 5: Examples of Optimal Redundant Industrial Inspection and Cancer Screening Policies 
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CONCLUSION 

The models summarized in this paper ~an assist risk managers, clinicians, and regul~tory bodies to design more 
effective and minimum cost screening policies and requirements. For example, preliminary exploration across a 
range of scenarios developed from the literature suggests that significant improvements are possible by revising the 
CLIA legislation, estimated between 90,000 to 160,000 fewer false-negatives and $400 to $850 million savings per 
year nationwide. Additionally, these models have been used to show that: .. 

• CLIA mathematically never is optimal by any criteria and always increases total costs; 
• Overall CLIA sensitivity never can be improved beyond certain mathematical bounds; 
• No amount of partial rescreening is ever optimal; and 

In some plausible scenarios, 2-4 multiple evaluations of each smear is optimal. 

Similar results have shown that the proposed use of automated rescreening technology recently approved by the 
FDAcan dramatically increase overall costs without signific·antly improving sensitivity, despite_widespread . 
marketing by manufacturers to the contrary (Benneyan 1997 1998, Kaminsky et al 1997). It is significant that these 
theoretic results also closely agree with a recent independent large empirical study (O'Leary et al 1998). 
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ABSTRACT 

Decision Support Systems (DSS) to assist medical professionals to diagnose patients have not been as successful as 
initially predicted. This is .largely due to the fact that difficult medical decisions are-gener_ally made in naturalistic 
situations, characterized by extreme time pressures, large consequences of error, ill-defined objectives, and dynamic 
environments. Existing medical DSS provide doctors with probabilistic data in a normative format that is not used 
in naturalistic situations because it does not match the doctors' decision making process. Naturalistic Decision 
Making models have been used to characterize naturalistic decision making situations but have not yet led to 
effective DSS in the medical arena. This study explores the potential for developing a DSS for medical diagnosis 
using NDM as an inference format. The advantages of this type ofDSS are that the system would analyze the 
situation using the same decision making processes as the medical professional, thus being more transparent and 
easier to manipulate and understand for the medical professional. . 

Twenty-two participants were trained to make simple diagnoses of five fictional diseases. Patient scenarios were 
manipulated so that they did not completely match the disease profile. Participant performance was evaluated 
according to whether these differences were extra symptoms that were added to the patient scenario, missing from 
the patient scenario, or containing ambiguous levels of a symptom. These differences greatly reduced the percent of 
correct diagnoses that were made. Differences also slightly increased the time required to reach a diagnosis and 
participants' confidence in their diagnoses were also slightly reduced. These results provide guidance for developers 
of medical DSS in the design of_effective support systems for doctors in naturalistic environments. 

INTRODUCTION 

Background 

Medical diagnosis decisions range from the very simple and obvious to the extremely difficult and complex. It is 
critical for this diagnosis to be correct because the treatment and actions taken following the diagnosis depend on the 
diagnosis decision. Though future corrective action can be taken, critical time is lost and medical interventions can 
be very costly. Researchers at Johns Hopkins Hospital in Baltimore reported that 2 of every 100 diagnoses are 
incorrect (Tickner and O'Neill, 1999). A report by the Institute of Medicine (IOM) of the National Academies of 
Science (Tickner and O'Neill, 1999) stated that medical errors kill between 44,000 and 98,000 people in the United 
States every year. A further reported that 70% of these deaths were caused by preventable errors (Corrigan, Kohn, 
and Donaldson, 2000). Preventable medical errors have become the eighth leading cause of death in U.S., greater 
than car accidents, breast cancer or AIDS. Of that 70%, 17% of the deaths were due to incorrect diagnosis. Further 
costs are incurred by any adverse events that are a consequence of the misdiagnosis. Some events may include an 
adverse reaction to a drug wrongly administered. 

After these reports became public, President Clinton gave orders to start a plan to reduce the occurrence of medical 
errors by at least 50% over the next five years. The White House will propose $20 million in the fiscal year 2001 
·budget for research into medical errors and ways of preventing them. One solution to prevent medical errors is to 
design a Decision Support System (DSS) that assists medical professionals in diagnosing patients. Until now, 
medical DSS have not been successful. The major reason for their failure is that existing medical DSS provide 
doctors with normative· data that are difficult for doctors to assimilate into the naturalistic decision making process 
that characterizes difficult medical diagnoses. Extreme time pressures, large consequences of error, ill-defined 
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objectives, and dynamic environments characterize these situations. This study explores the potential for dev~loping 
a DSS that will match the doctors' decision making process. 

Naturalistic Decision Making 

Doctors, as experts in medical diagnosis, make decisions in a qualitatively different way than non-experts (Dreyfus, 
· 1997). Instead of a normative evaluation of alternatives, expert decision making in naturalistic environments is 
more of a pattern recognition process. Experts rapidly assess a situation"by sampling salient cues from the 
environment. Sampling is driven at first by a combination of top down and bottom up processe~ (Endsley, 1997), 
beginning with symptoms that are widely predictive of various diagnoses and those that stem from any expectations 
the expert has from the patient's history or secular trends. These symptoms are integrated into a preliminary 
situation model. As cues are integrated, a schema from long term memory becomes activated. Schema are domain 
specific aggregates of past experience in long term memory that direct external information search, specify which 

. available information will be sampled, which information will be ignored, and direct the retrieval of information 
from memory (Lipshitz and Shaul, 1997). Each schema has features that are used to evaluate its match with the . 
current situation model. These features drive information search until sufficient evidence accrues to make a 
decision. In cases where no schema reaches the decision threshold because of extreme uncertainty or high 
consequences of error, a process of mental simulation occurs whereby the expert extrapolates from existing data to 
fill in open slots with the best available evidence. A decision is made when a schema is activated above the decision 
threshold. Specific actions are associated with schema based on past success. Thus experts spend most of the 
diagnosis time on situation assessment (Lipshitz and Shaul, 1997). Once a schema has been activated, the response 
selection is virtually immediate. 

Errors can occur in several ways. Early in the cue sampling process, symptoms are investigated in part based on the 
expectations of the expert. If these expectations are incorrect, an inappropriate schema can become activated. A 
confirmation bias can sustain this error· (Cohen, Freeman and Thompson, 1997). Another error can occur if a 
symptom that is not part of the appropriate disease schema is encountered during information search. This may lead 
to the wrong schema becoming activated. If this activation reaches threshold because of other symptoms in 
common with the true disease, an error may be made. 

Another factor that contributes to the effectiveness of the diagnosis is certainty. The certainty a doctor experiences 
when making a decision depends on the agreement between the situation model the doctor develops from the 
evidence and the schema that is activated. If there is a total match, the doctor will be very certain of the decision. 
Gaps will reduce this certainty. No studies have investigated the magnitude of reductions in certainty for different 
kinds of mismatches. Symptoms that are present in the situation model but not in the schema may lead to reduced 
certainty, but may not be sampled at all if a preliminary hypothesis is reached before this symptom is noticed. 
Symptoms that are part of the disease schema but are missing in the situation model can also reduce certainty, but 
expectations may lead to false alarm errors in which the symptom is activated even if it is not present. 

A third factor that can affect diagnosis effectiveness is the time required to make a decision. In emerg¢ncy 
situations, any delay can lead to complications and reduced effectiveness of treatment. From a theoretical 
standpoint, increased time to make a diagnosis can indicate problems in the decision making process that a DSS may 
be able to improve. The more the initially sampled cues match a disease schema in memory, the faster a decision 
should be reached. Delays likely indicate a mismatch between the situation model and the disease schema. 

Objective 

The purpose of this research is to investigate three characteristics of an effective medical di_agnosis decision, the 
time required to make the decision, the accuracy of the decision and the certainty of the decision-maker. Three 
factors that may influence these characteristics are studied, the number of symptoms in the disease schema but 
missing from the available data, the number of symptoms present in the available data but not present in the disease 
schema, and the number of ambiguous ·symptoms. Each of these factors can be used to better u~derstand naturalistic 
decision-making. By studying these factors, the appropriateness of the naturalistic decision making paradigm for 
modeling medical diagnosis can be tested. A better understanding of how medical experts make diagnosis decisions 
can lead to the development ofDSS that will support the actual decision making processes of the medical experts 
and become effective tools in medical environments. 
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METHODS 

Participants 
Twenty-two participants from Florida International University were recruited to participate in this study, 3 females 
and 19 males. All participants were undergraduate Industrial and Systems Engineering students taking a course in 
Human Factors Engineering. The students received course credit for their participation. 

Materials 
Five fictional diseases were created. Each disease was defined using a set of five possible symptoms at one of three 
intensity levels. The disease profiles are shown in Table 1. The symptoms were all common and easily 
recognizable by the general population. The three intensity levels were broad categories that could be easily 
differentiated by the participants (see Table 2). Endpoints for these intensity categories were defined so that gaps 
existed between them. 

T bl 1 P fil fi h fi fi . 1 d' a e ro 1 es or t e 1ve 1ct1ona 1seases use d. h d mt e stu ly 

Disease Name Temperature Blood Pressure Heart Rate Skin Irritation Abdominal Pain 
Tentytis M s s H s 

Orthoremia H H s M s 
Ziptis s M M s H 

Celltium s M s M H 
Pentaxis M s H s H 

H = Healthy; M = Moderate;-S = Severe 

Table 2. Intensity categories for the five symptoms used to define the diseases 
Symptom Healthy Moderate Severe 

Temperature 98 - 99 100 - 101 102 - 105 
Blood Pressure 140/70 - 140/90 140/100 - 140/110 140/120 - 140/140 
Heart Rate 70 - 90 100 - 115 120 - 140 
Skin Irritation Normal Red- Rash Blisters - Irritation 
Abdominal Pain None Some Severe - Cramps 

Thirty-five scenarios were created consisting of the results of an initial medical evaluation of a patient in terms of 
the five symptoms. Ten scenarios out of the thirty-five were used as controls, where all the symptoms match exactly 
with one of the disease profiles. The other twenty-five scenarios represent experimental situations where the 
scenario differed from the prototype disease profile. Three types of differences were investigated. 'Missing' 
symptoms were defined as those that were supposed to be present according to the disease profile but were missing 
in the scenario. 'Between' symptoms were defined as those that were present, but at a level between the prototype 
intensity level and an adjacent one. Extra symptoms were defined as those that were present in the scenario but 
were not in the disease profile. Despite these differences, there was only one disease profile that most closely 
matched the scenario. 

Procedure 
All participants were individually trained and tested. The training consisted of providing Table 1 to each participant 
and explaining each disease profile and the corresponding symptoms and intensities. Table 2 with the levels of 
intensity for each symptom was also provided. These definitions, symptoms and intensities were explained to them 
in detail and they were allowed ten minutes to familiarize themselves with the information before starting the test. 
The training sessions were 20 minutes long. Once the test started they kept a "cheat-sheet" containing the 
information presented during the training. 

The testing consisted of presenting the thirty-five scenarios one at a time to the participants and asking them to 
diagnose the patient by selecting the disease that best fit the scenario. The time they took to reach a diagnosis for 
each of the thirty-five scenarios was recorded using a stopwatch. Also, for each diagnosis they were asked to report 
their level of certainty for the corresponding scenario on a five-point Likert-type scale. The accuracy of each 
diagnosis was recorded. · 
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Experimental Design 
The variables were defined as follows: 
Independent variables: 

1) Number of missing symptoms in the scenario 
2) Number of symptoms in the scenario that were in between intensity levels 
3) Number of extra symptoms in the scenario 

Dependent variables: .. 
1) Time it took the participant to reach a diagnosis in each scenario 
2) Certainty reported by the participant in each scenario 
3) The accuracy of the participant's diagnosis. 

RESULTS 

To study the effects of the number of missing symptoms, the number of symptoms that were in between levels of 
intensity and the number of extra symptoms present in the scenario on the time it took the participants to reach 
diagnosis decisions, their certainty in that diagnosis and the accuracy of the diagnosis, Pearson correlations were 
calculated between each pair. All relationships that had correlations that were significant at the 0.01 level are shown 
in Table 3. Following are the detailed results. 

Number of missing symptoms 
The correlation analysis indicated that having more symptoms missing in a scenario decreases the percent of 
accurate diagnoses (R = -0.287), as well as the certainty of the participants when making diagnoses for these 
scenarios (R = -0.273). The analysis also shows that as the number of missing symptoms increases the time it took 
the participants to reach a diagnosis also increased (R = 0.158). These relationships are significant at a 0.01 level 
and are all summarized in Table 3. Figure 1 shows the magnitude of these relationships. 

Table 3. Pearson correlations between symptom differences and 
performance indicators 

Missing 
Between 
Extra 
Total 

Time 
0.158 
0.237 
0.107 
0.28 

Certainty 
-0.273 
-0.242 
-0.107 
-0.329 

All significant at p < 0.01 

Percent Correct 
-0.287 
-0.116 
-0.424 
-0.384 

5 

4 

250------------, 

200--
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Correct 

. 3 
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(s) 100--

50--t-;;...----------, 
o-----------__. 0 0-+------+------i 

0 2 0 2 0 
missing symptoms missing symptoms missing symptoms 

(a) . (b) (c) 
Figure 1. ·The effects of missing symptoms on a) the percent of correct diagnoses; b) the participant's certainty in 

his/her diagnoses; and c) the time required to reach a diagnosis. 

Number of symptoms that were in between levels 
There was a significant relationship petween the number of symptoms that were in between j~tensity levels and all 
of the dependent variables at a 0.01 level (see Table 3). This indicates that having a larger number of symptoms that 
do not fall exactly at the expected level of intensity specified in the profile decreases the certainty that participants 
perceived about their diagnoses (R = -0.242, shown in Figure 2b ). In the same way, the percent of accurate 
diagnoses decreases when the number of symptoms in between intensity levels increases (R = -0.116, shown in 
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Figure 2a). Also, participants needed more time to reach a diagnosis when there were more symptoms in between 
intensity levels (R = 0.237, shown in Figure 2c). 

100 5 250 
4-- 200--

. 3-- time 150--
% 50 certainty 

Correct 2-- (s) 100--

1 -- 50--

0 0 0 
0 2 3 0 2 3 0 2 

betwee( :)mptoms between (b)ptoms between (t)ptoms 

Figure 2. The effects of ambiguous symptoms on a) the percent. of correct diagnoses; b) the participant's certainty in 
h_is/her diagnoses; and c) the time required to reach a diagQosis. 

Number of extra symptoms 
The analysis indicated that as the number of additional symptoms that were not part of the disease profile increases, 
the likelihood of an accurate diagnosis decreases (R = -0.424, p < 0.01, shown in Figure 3a). The number of extra 
symptoms is correlated with an increase in the time required to reach a diagnoses (R = 0.107) as well as a decrease 
in the certainty reported by the participant in that diagnosis (R = -0.107). Figures 3b and 3c show the magnitude of 
this relationship. 
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correct 
certainty 
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2 0 2 0 
extra symptoms extra symptoms extra symptoms 

(a) (b) (c) 
Figure 3. The effects of extra symptoms on a) the percent of correct diagnoses; b) the participant's certainty in 

his/her diagnoses; and c) the time required to reach a diagnosis. 

Total symptom differences 
Correlation analysis was also used to measure the effect of the total number of missing symptoms, symptoms in 
between levels of intensity, and extra symptoms on the time, certainty and percent of correct diagnoses. The results 
are also summarized in Table 3. This analysis indicated that the accuracy of the diagnosis was significantly 
correlated with the combination of total differences with the disease profile (R = -0.384, p < 0.01, shown in Figure 
4a). The total number of differences was also correlated with the other parameters. Participants needed more time 
to reach a diagnosis as the total differences increases (R = 0.280, p < 0.01) This relationship is shown in Figure 4c. 
Also, as the total differences increases, participants reported being less certain about the accuracy of their diagnoses 
(R = -0.329). The magnitude of this increase can be seen in Figure 4b ). 
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Figure 4. The effect~ of total symptom differences on a) the percent of correct diagnoses; b) the participant's 
certainty in his/her diagnoses; and c) the time required to reach a diagnosis. 
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DISCUSSION 

The effects of the number of missing symptoms supported the hypothesis. that diagnosis decisions would be 
hampered when the situation model was missing symptoms from the disease schema. All three dependent variables 
followed this trend. Participants made more errors when symptoms were missing, suggesting that the correct 
disease schema did not reach the decision threshold and extrapolatio_~ was required. Because of the missing 
symptoms, participants were more likely to reach incorrect conclusions. Similarly, the certainty of this decision was 
reduced because the match between the situation model and the disease schema was reduced. Finally, missing 
symptoms also increased the time required to reach a decision. This time increase may reflect the extrapolation 
process or a resampling of the evidence in an attempt to find the missing features. This needs to be investigated 
further. 

-The effects of symptoms that were between intensity levels also supported the hypothesis that diagnosis decisions 
would be negatively impacted. It was unknown how the presence of such ambiguous evidence would affect the 
diagnosis process. It was possible that expectations would drive the sampling process and these symptoms would be 
integrated as if they were present at the expected level. However, because the disease schema would not yet have 
reached the threshold, these expectations may not exist. This seems to be the case. Without expectations to · 
influence the incorporation of these symptoms into the disease schema, participants accurately sampled the 
evidence. Because these symptoms did not fit the disease schema precisely, certainty and accuracy decreased and 
time to diagnose increased. 

Extra symptoms were expected to cause the greatest percent of errors because they would create the largest 
mismatch between the situation model and the disease schema. On the average, each extra symptom added 15% to 
the total time required to reach a diagnosis. Extra symptoms also reduced the certainty by 0.2 points on the Likert 
scale and reduced the accuracy by 50%. However, these effects were not significantly larger than the effects of 
missing or in between symptoms. 

Implications for the development of medical DSS 
These results strongly support the development of medical decision support systems. The DSS can suggest sampling 
strategies to the doctor that improve the comprehensive inclusion of all relevant symptoms based on likely disease 
schema. A DSS is less likely to ignore missing symptoms that are highly predictive of a disease or to be affected by 
inappropriate expectations. The DSS can suggest tests that would confirm the absence or presence of these 
symptoms. The presence of extra symptoms can be analyzed as a possibility of multiple etiologies, a skill for which 
human doctors are not as effective. Though more research is necessary for the development of an effective medical 
DSS, these results strongly support the use of the naturalistic decision making paradigm for developing the system. 
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EWMA FORECASTING CHARTS FOR VITAL SIGN DATA 
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ABSTRACT 

Many statistical prof~ssionals consider the exponential weighted moving average forecasting (EWMA) the ideal 
solution for controlling processes that generate autocorrelated data. The EWMA chart is predicted to be better than 
other control charts at detecting small data shifts. Some clinical vital sign data are at times highly autocorrelated 
and at other times statistical independent. Our experience has shown that the degree of autocorrelation changes as 
the patient's condition changes. In addition, to variations in the levels of autocorrelation, often the vital sign 
measurements are rounded off, which is likely to increase the degree of autocorrelation. This study compares the 
performance of EWMA charts to standard Shew hart process control charts with limits adjusted for autocorrelation as 
the amount of data autocorrelation changes and measurements are rounded off. 

INTRODUCTION 

Many statistical professionals believe the exponential weighted moving average (EWMA) forecasting chart is a 
solution for controlling processes with autocorrelated data. 1 Autocorrelation is often present in clinical data, 
although the degree of autocorrelation varies as the condition of the patient changes. In addition to inherent 
autocorrelation present in clinical measurements of patient vital signs, autocorrelation in clinical data increases when 
clinical measurements are rounded. Therefore, experts consider the EWMA charts a possible solution for detecting 
small shifts in autocorrelated data and reducing the number of type I errors for caregivers applying statistical process 
control in a clinical setting. 

EWMA charts are created by weighting individual observations or sample averages. Sometimes the latest 
observations are _assigned the greatest weights and the earlier observations receive the smallest weights; although the 
weighting scheme could be reversed, with the earlier observations receiving the greatest weights. Therefore the 
points that are charted are based on weighted averages or sums. 

ANALYSIS 

This study compares EWMA charts to standard Shewart charts. The comparison is based on real clinical data sets 
and simulated data. The simulated data were created with autocorrelation at a low level and then a high level. 

Among the clinical data sets, the set one with the slow changes in skin temperature was most interesting. When the 
slow change in skin temperature occurred, the EWMA chart failed to indicate a change; however the Shewhart chart 
did detect the change. This_ finding is opposite of what would expect since one of the proclaimed advantages of 
EWMA charts is to detect small shifts in correlated data. 

Target Audience 

The target audience for vital sign process control charts is the physician and other caregivers. Physicians and other 
caregivers sometimes have little mathematical and statistical education with the exception of some recent graduates 
and physicians with master degrees and Ph.D. 's in other fields. Therefore, researchers who are applying process 
control in a healthcare setting must be sensitive to use of terminology. The researchers have found that using the 
word sigma rather then the standard deviation annoyed some cc1regivers. Caregivers also did like the term 
exponential weighted moving average, so we refer to the EWMA chart as a moving average type chart. 

Another aspect of the EWMA chart that some physicians did not like was the EWMA chart's visual complexity 
(Figure 1 ). It was difficult for some individuals to understand a control chart with upper and lower control limit 
lines, an average line, and individual subgroups. Some caregivers did not like to use control charts that contained 
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moving upper and lower control limits and averages. Figure 1 illustrates an EWMA forecasting chart with . 
autocorrelation changing from 0.2 to 0.85. Alpha was set at 0.5. 

Figure 1 EWMA forecasting chart 
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Two options are available to reduce the number of complaints about the EWMA's chart visual complexity: 

1. More careful design of the vi~ual display 
2. Center and reduce the scale of the EWMA chart so it can be graphed with a fixed average line and 

fixed control limit lines. 

No matter how the visual design is simplified, the EWMA chart will always be more complex than the standard 
Shewhart chart. Using a standard normal distribution type scale transformation (centered and reduced) one can 
graph all control charts with a fixed centerline and control limits. A chart that is centered and reduced loses 
information (Figure 2); however, the output does focus on the out-of-limits points. This graph is for the same data 
set as shown in Figure 1, where autocorrelation was varied from 0.20 to 0.85. 

Figure 2 Centered Reduced EWMA forecasting chart 
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Good Answer to the Wrong Question {Technical Considerations of EWMA) 

EWMA is based on a time series model; it is not a hypothesis testing procedure. The EWMA chart is considered 
better at detecting smaller shifts than Shewhart control charts. In patient monitoring, the objective is to detect 
sustained significant clinical changes, not small brief self-correcting changes, which are common with vital 
signs. This study demonstrates that with some types of patient monitoring, the EWMA chart does not accomplish 
the goal of detecting small shifts. Notice that near the right side of the chart the skin temperature has increased to 
approximately 9_8 degrees and the contr~l limits should be recalculated; however, the EWMA program did not detect 
the change. When a large change occurs in a series of small increments, the EWMA chart may fail to identify the 
change (Figure 3). Slow changing vital signs such as skin temperature produce this type of pattern in control charts. 
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Figure 3 Small Changes (Oxygen saturation data set) 
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Figure 4 shows the results using a Shewhart type control chart for the same data set shown in the EWMA chart in 
Figure 3. The Shewhart patient control chart identified the change in the data while the EWMA chart did not. 

Figure 4 Shewhart Small Changes (Oxygen saturation data set) 
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The EWMA may be used to identify small changes that occur at a rate greater than the forecasted rate. Another 
solution might be to adjust the EWMA control limits to other than three standard deviations and/or use a run beyond 
the limits as a decision nile for recalculating the limits. 2 
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Additional Considerations of EWMA 

EWMA charts require an estimate of the constant alpha for calculations. Alpha controls the age of the data included 
in the EWMA calculation. When alpha is large (near 1 ), the more recent observations are the most important. When 
alpha is low (near 0), the older observations are the most important. t\}pha and autocorrelation are inversely related. 
Autocorrelation is a measure of the importance of history. When autocorrelation is high (near 1 ), the older 
observations are the most important. When autocorrelation is low (near 0), the more recent observations are the 
most important. 

Other types of manufacturing processes can calculate and set a constant alpha based on a constant level of 
autocorrelation. In patient vital sign data, autocorrelation is not constant, but varies depending on the patient's 
condition. Therefore, when EWMA charts are used for patient vital sign monitoring, alpha should be continually 
estimated for the degree of autocorrelation among the observations. With a variable autocorrelation there are two 
approaches available for estimating alpha: 

1. Measure autocorrelation and use the formula: alpha = 1 - autocorrelation 
2. ~se a constant alpha and live with the variation. 

In addition to variable autocorrelation, some vital sign measurements are rounded to the closest whole number, tenth 
or hundredth. The round off makes calculation of autocorrelation difficult because the level of autocorrelation will 
approach .9 to 1, which places the value of alpha near zero. For this study w~ set alpha at 0.05. 

CONSIDERATIONS FOR SHEWHART PROCESS CONTROL CHARTS 

Shewhart charts work with highly autocorrelation data with additional mathematical procedures. The procedure we 
used to create our Shewhart process control charts included estimating the autocorrelation during the base period 
and then adjusting the control limits based on the estimated autocorrelation (Figure 4). 

When rounded off vital data approaches 100% the value of sigma approached zero. Both the EWMA and Shewhart 
process control charts have calculation problems when sigma is zero; therefore, the researchers used a minimum 
default value for sigma. 

Technical Considerations for Standard Deviations (Sigma) 

Changes in autocorrelation also have a direct effect on the standard deviation (sigma). The standard deviation is 
inversely proportional to the value of autocorrelation (autocorrleation = 1 ~ sigma). As autocorrelation increases 
sigma decreases. The EWMA forecasting chart and the Shewhart patient control chart for averages do not work 
well without the addition of a standard deviation or range process control ch-art. Figures 3 and 4 inciuded a standard 
deviation chart. 

Figure 5 illustrates the results of a simulation analysis on 1) a control limit adjusted Shewhart chart, 2) a centered . 
reduced EWMA chart, 3) a standard EWMA chart, and 4) a sigma chart. All charts show that the sigma process 
control chart seems to provide us with the best information of when the autocorrelation level changed. 
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Figure 5 Comparisons of Shewhart and EWMA Charts 
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CONCLUSIONS 

EWMA charts do a satisfactory job of identifying changes in patient vital sign data, with the exception of identifying 
large changes that occur in small increments. The Shewhart chart with limits adjusted for autocorrelation had no 
limitations. The researchers found that caregivers in the study did not like the complexity of either control chart, 
and in particular did not like the additional complexity of the EWMA chart. More experimentation needs to be done 
with the centered-reduced control chart to see if these charts can detect small changes without increasing the type I 
error rate. An important question remains: "Is the loss of information a fair tradeoff for the simplicity of the chart?" 
In addition, the centered reduced chart lends itself to output on a small printer strip that does not have room to graph 
the vital sign data swings. The centered reduced graphing may be used for both EWMA and Shewhart charts. 
Caregivers do not like statistical terms such as exponential weighted moving average and EWMA. This problem 
can be eliminated by not using the technical terms. Because Shewhart charts have fewer application problems, the 
researchers prefer to use Shewhart patient control charts with adjusted limits over EWMA charts. 
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ABSTRACT 

The work reported in this document addresses our experience with a simulation model developed to analyze 
patient flow throughout a hospital cardiology department. This study represents one part of a Process 
Improvement/Innovation Initiative where a level-I trauma center and teaching hospital and the Department of 
Industrial Engineering and Management Systems at the University of Central Florida (UCF) have worked 
together since May 1997. A discussion of the different steps involved in the simulation project is presented. 
The analysis of the most significant results as well as conclusions and the impact of the study are also presented. 

INTRODUCTION 

Orlando Regional Medical Center (ORMC) and the Department of Industrial Engineering and Management 
Systems at the University of Central Florida worked together in ORMC's Process Improvement/Innovation 
Initiative projects, one of which addressed capacity constraints and patient flow in the Cardiology Department. 

ORMC's Cardiology Department (CD) performs approximately 400 procedures per month. The department has 
a four-bed room ("Room 513") to receive and prepare outpatients, e.g., patients who come in the day of the 
procedure and remain in the hospital for 23 hours or less. In-hospital patients are prepared in their own room. 
For surgery, the department has four cardiac catherization laboratories (cathlabs), one of which was only 
partially used because of less efficient equipment. After surgery, cathlab patients recovered in a 9-bed 
Cardiology Recovery Room (CRR). During peak season, the rapidly increasing number of patients has caused 
some patients to be denied service, due to insufficient resources, which reflects poorly on the quality of service 
and affects revenue. This situation inspired ORMC to analyze the daily operational process of the cardiology 
department to identify key areas for improvements. A team of CD personnel, including nurses, technicians, and 
quality improvement specialists, met weekly for about six months, supported by faculty and graduate students 
of the Department of Industrial Engineering and Management Systems at the University of Central Florida. 

The project's objective was to increase the number of patients processed in the cathlabs per day. ·The project 
involves identifying the bottleneck areas in the current process as well as considering various scenarios to 
determine a better way of operation so that the department can handle more patients on a daily basis. 

PATIENT CLASSIFICATION 

The · general process changes according to the type of patients. The in-hospital patients and outpatients are 
scheduled through their physicians. When a case is to be scheduled, the physician's office will call to schedule 
a time. Most of the physicians will also ask for a particular cathlab and time slot. If possible, the patient will be 
scheduled according to the physician's request. The number of hours scheduled depends on the procedure. 

In-hospital patients are usually admitted to the hospital at least one day prior to surgery. When it comes the 
time for their procedure, a transportation person from the cathlab will come to the patient's room to bring the 
patient to the cathlab. After surgery, the patient will be sent to the recovery room. After the necessary recovery 
time, the patient will be transported back to his/her bed in the hospital. 
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Outpatients scheduled for operation proc·edures are admitted into room 513 the same morning, approximately 
two hours before the procedure is scheduled. Room 513 is the holding area for the outpatients where laboratory 
specimens are drawn, -patients are prepared for the procedure, sign their consents, learn about how their 
procedure is to be done, and wait for transport. Room 513 starts taking patients at 5 am. Unlike the in-hospital 
patients, outpatients are often allowed to go home the same day that they had their procedures done. 

Emergency patients come to the cathlab in emergency situation and therefore they are not scheduled. 
Emergency patients are first admitted to a room and prepared there for surgery, thus they follow the same flow 
as in-hospital patients .. They are then sent to cathlab 4 for surgery and they will need a bed in the hospital after 
the recovery period. In the simulation model, it is assumed that emergency patients are given priority over the 
other non-emergency patients. 

Angio (Radiology) patients do not use the cathlabs. These patients come from the hospital and are recovered in 
the recovery room. They use the transportation person in the recovery room for transportat.ion to the recovery 
room. After recovery, the transportation person will transport the patient back to the hospital bed. 

CATHLAB OPERATIONS 

A transporter from the cathlab is sent to room 513 or hospital room to take the patient to the cathlab in a wheel 
chair. The patient will wait for the doctor while a lab technician and two nurses are getting ·ready. The 
procedure begin·s when the doctor arrives. 

When the surgical procedure is finished, the doctor leaves, and the patient is transported in a stretcher to the 
. recovery room across from the cathlab for recovery. The lab technician and nurses clean the operation table and 

other areas in preparation for the next patient. When the CRR is full, patients just finished in the cathlabs must 
wait there for an available bed in the CRR. This blocks the cathlab until CRR space is available. 

Patients are kept under observation for a time that depends on the specific procedure. After this observation 
period, the sheaths are pulled and the patient rests until ready for transportation out of the recovery room. 
Outpatients may go to room 513 and then home, although most of them are admitted. In-hospital patients go 
back to their room. Emergency patients are usually admitted. Angio patients are not cardiology patients. They 
come from radiology on the second floor and are transported to a room on the eighth floor after recovery. 

Since there are only nine beds in the recovery room, it is difficult to cope with the demand on .busy days, 
because all four types of patients have to recover in the recovery room, and, depending on the procedure, it may 
take a patient several hours to recover. On occasions, patients may even need to stay overnight in the recovery 
room due to a lack of room in the hospital, thus adding to the CRR congestion. 

SIMULATION PROCESS 

Simulation is an excellent and flexible tool to model different types of environments. It is possible to find in the 
literature several simulation experiences in healthcare. For example, Garcia et al. ( 1995) present a simulation 
model focused on reduction of waiting time in the emergency room of Mercy Hospital in Miami. Pitt ( 1997) 
presents a simulation system to support strategic resource planning in healthcare. Lowery ( 1996) presents an 
introduction to simulation in healthcare showing some very important considerations and barriers in a 
simulation project. Baesler et aL (1998) introduce important issues that have to be considered when interacting 
with healthcare practitioners during a simulation project. 

A simulation model for the cathlab process was created using the simulation package ARENA version 3.0, 
Kelton et al. (1998) This model represents patient flow within th_e unit, as well as human and physical resources 
such as physicians, nurses, transporters, cathlabs, receiving beds and CRR beds. In order to represent the facility 
layout, a drawing using Visio Technical 5.0 was created and imported to Arena. This drawing was made to 
scale and considered all ,features of the facility pertinent to the study. This drawing was used to as the 
background to show the animated flow of patients in this process. 
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Each simulation run consisted of seven days of simulated time (Monday through Sunday) with patient · 
generation stopping at end-of-business on Friday (except for emergency cases.) Ort Mondays, the system -starts 
"empty and idle" (no patient ih system with all resources idle). On late Friday or early Saturday the system 
returns to that state, since no regular procedures are scheduled over the W{!ekend. In simulation terminology, 
this is defined as a "terminating" situation (e.g., clearly defined starting and ending conditions). Ten 
independent replications of a one-week simulation runs were performed and the results summarized and 

• compared to the corresponding values observed in real life. 

VERIFICATION AND VALIDATION 

The model was thoroughly verified, based on the techniques of Sargent (1984) and Lowery (1992). The 
simulation developers worked in close contact with the subject-matter experts at ORMC through weekly 
meetings. Appropriate goodness of fit tests were run to fit statistical distributions to the data. The model started 
simple, with only 3 cathlabs, no angio patients, and no emergency patients. Through several update meetings, 
cardiology department personnel suggested significant enhancements to the model. Entities flowing through the 
model were thoroughly traced and another analyst verified the computer model's logic. 

The model was built and validated by comparing results generated by the ten-week simulation to the available 
data. Limited data restricted the level of validation effort. The nature of the unit's data gathering resources is 
such that no independent sample was available. 

The simulation's "baseline" case assumes a demand of 18 surgical cases (an average day) and compares the 
results for ten independent one-week runs to those values available from the data sources. The model validation 
compared each pair of data sets for all the measures of system performance and, using appropriate statistical 
tests, compared simulation-generated values to CRR and cathlab data. The process followed calculates a 95% 
confidence interval for the mean of each simulated outcome and makes sure that the corresponding real life 
average value is included inside that interval. 

SIMULATION RESULTS FOR "AS-IS" SYSTEM 

For the performance measures of interest, all average values calculated from the data were included inside the 
95 percent confidence interval for the corresponding mean predicted by the simulation. Thus, it is concluded 
that the model provides a good and valid representation of the patient flow in the Cardiology Department. 

The simulation runs of the current process indicate that the recovery room is the bottleneck to the whole 
process. With the capacity of three and a half cathlabs operating from 7 a.m. to 7 p.m., it is difficult to recover 
all cathlab and angio patients in the nine-bed recovery room. 

Figure 1 is a snapshot taken at approximately 7 p.m. the fourth simulated day of the first week. The figure 
indicates that this particular day, 18 patients visited the unit. At the time shown, room 513 is empty and there 
are 2 patients in recovery. It should be noted that, the previous night, there was still one patient in recovery after 
midnight. In addition, for this level of demand (18 cases, e.g., an average day), the recovery room sees all beds 
simultaneously in used only for a few minutes in mid afternoon. · 

The last two plots in the Figure show the utilization profile for the cathlabs. The last plot shows the scheduled 
utilization (hours assigned when schedule is made) and the previous plot shows the actual utilization, reflecting 
unused times due to .early termination or physician lateness. 

Figure 2 shows the output for a 10-week run of the "As is" scenario. In this period, there were 189 outpatients, 
532 inpatients, 25 emergencies, and 140 angios. These give averages of 18.9, 53.2, 2.5, and 14.0 patients per 
week, respectively, for a total of 88.6 patients· per week, e.g., 17.8 patients per day (the average for the "As is" 
case was 18 patients per day, e.g., an average demand day. The times reported in Figure 2 'show both the 
extreme values of the raw data and the 95% confidence interval (Cl) for the mean of the 10 weeks. For example, 
for inpatients, the minimum time in the system was 153 [min] and the maximum was 1,660 [min]. The 
confidence interval for the mean was 432 to 461 minutes. 
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FIGURE 1: A SIMULATION SNAPSHOT 
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Statistical tests showed that there is no statistically significant difference between the observed number of the 
different types of patients and their . corresponding cycle times from those reported in real life. Therefore, it is 
concluded that the simulation model is a valid representation of the patient flow in ORMC's Cardiology 
.Department 

USING THE MODEL: SIMULATION OF ALTERNATIVE SCENARIOS 

Once a model is validated, the practical application of the technique can take place. Modifying one or more 
model's parameters may simulate several alternative "scenarios". The intent is to analyze the system's behavior 
under new circumstances. Each one of these "new systems" (for example, changing the number and/or 
availability of resources) is called a scenario. 

For the purpose of illustrating the use of the technique in scenario comparison, three different situations were 
considered: the "As is" situation (with 3.5 labs), one having four labs, and the third having five cathlabs 
available for service. In all cases, 9 beds were assumed available for recovery. Each of these situations was 
simulated under a patient load of 22 and 26 patients per day, a total of four alternative scenarios. Twenty-two 
patients represent the current average daily patient load ( 18 cathlab patients per day) plus the standard deviation 
of the load (4 patients per day). Thus, a 22-patient or fewer scenarios corresponds to a highly likely event (mean 
plus one standard deviation, approximately 67% chance of occurring). A 26-patient scenario corresponds to a 
rarer event: the probability of observing this number of patients (or more) is less than 3%. Scenarios are 
denoted: "322" - 3.5 cathlabs, 22 patients; "326" - 3.5 cathlabs, 26 patients; "422" - 4 cathlabs, 22 patients; 
"426" - 4 cathlabs, 26 patients; and "526" - 5 cathlabs, 26 patients. 
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FIGURE 2: TIME RESULTS FOR THE "AS IS" SIMULATION 
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The measures of system performance used to compare scenarios were the number of patients that could not be 
scheduled, the number of patients in the system (Work in Process, WIP) at 7:00 p.m., and the number in the 
system at 11 :00 p.m. For example, scenario 426 tries to schedule an average of 26 patients per day (plus, 
maybe, an emergency, and a couple of angio patients). There may be days where the particular combination of 
procedure times requested can not be handled by the available cathlabs. In this case, the number of patients that 
could not start before 6 p.m., is a measure of system performance that shows how does the system react to the 
given load. The WIP at 7:00 and at 11 :00 p.m. concentrate on the stress sustained by the Recovery Room. The 
cathlabs close at 6:00 p.m., thus, at 7:00 p.m., the patients in the system will most likely be in recovery (in days 
of heavy congestion and delays, there may still be patients in surgery at this time.) By 11 :00 p.m., the WIP 
gives an overall estimate of the system ability to discharge patients from the unit. The comparison among the 
simulated scenarios is presented in Table 1. 

TABLE 1_: SCENARIO COMPARISON (TEN ONE-WEEK SIMULATIONS PER RUN) 

MEASURES OF SYSTEM SIMULATED SCENARIOS 
PERFORMANCE 322 326 422 426 526 
513 cycle time 494 490 473 501 504 
In-hospital cycle time 458 466 " 457 463 467 
Emergency cycle time 511 585 529 509 525 
Angios cycle time 108 108 126 110 120 
Average WIP at 7pm 7.46 8.16 4.78 8.62 6.14 
Average WIP at 11 pm 1.92 2.88 1.06 2.26 1.54 
Unassigned patients 2.78 10.2 0 0 0 

.r 

23 Proceedings of the IEMS 2000 Conference 



From the number of unassigned patients, it is concluded that 4 laboratories and a 9-bed recovery room can 
handle a load of 26 patients per day with the recovery room busy late into the night. So can 5 laboratories. 
However, 3.5 laboratories can not (unless some clever scheduling of very short procedures is selected). The 
work-in-process (WIP, patients in the system) for 4 and 5 cathlabs at 11 :00 p.m. is similar in number to the 
value observed when processing 26-patients in 3.5 labs but, of course, in that case several patients (10.2 per 
week, on the average) could not be accommodated. The WIP at 7 :00 p.m. is 8. 7 for 4-labs and 6.14 patients for 
the 26-patients, 5-labs situation, an indication that the real bottleneck is the Recovery Room capacity. 

Congestion in the CRR. not only affects the patients that need to use the facility but it can also 'block' the 
process flow of the cathlabs. If there are not sufficient beds to recover, the operated patients will wait in the 
cathlab until a recovery bed becomes available. This means that the cathlab will have to stop operating, and a 
system bottleneck occurs. 

It is very clear that the current resources in the CRR are enough to handle an average (18 patients per day) load 
but it has difficulties handling larger loads (22 or 26 patients per day). Therefore, if the number of patients is 
expected to increase, then CRR should be the first place to be fixed in order to cope with the requirements. 

STUDY IMPACT 

It was recognized that building a fifth lab would only aggravate the congestion at the existing CRR. A number 
of suggestions were made to address this bottleneck. Among them were to send angio patients elsewhere for 
recovery, use room 513 as an overflow for the CRR, and build a second CRR. The last option was implemented 
and the observed congestion disappeared, as predicted. A secondary outcome of the study was illustrate the 
need for a consolidation of all cardiology units in the same floor ( e.g., bring room 513 to the same floor). 

It is concluded that the simulation model is a valid and useful tool to analyze ORHC's Cardiology Department's 
operations and draw inferences about the impact of possible changes without actually disturbing existing 
systems or without actually building new systems. · 
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ABSTRACT 

Real-time decision-making requires real-time information, which requires real-time data analysis and calculation 
procedures, while after-the-fact calculations require that all data are collected before any calculations or decisions 
are made.· Real-time decision-making presents special programming challenges for collecting data, but the truly 
significant problems are presented in the statistical quality control (SPC) calculations and making decisions based on 
the calculations. There are no standard procedures for performing real-time calculations. Real-time calculations 
involve the calculation or adjustment of control limits and averages, as subgroup data are generated and making 
immediate decisions concerning whether the process is within or beyond acceptable limits. One important concern is 
the influence of custorn calculation procedures on·the final decisions compared to the customary after-the-fact 
calculation methods. This paper compares the results of real-time calculations with after-the-fact calculations for 
patient data. 

INTRODUCTION 

Real-time decision-making requires real-time· data analysis and calculation procedures. Real-time calculations 
suggest that as a subgroup of data is generated, the control limits and average calculations are performed and the 
decision regarding whether the observations are within or outside the control limits is made. On the other hand, 
after-the-fact calculations require that all data are collected before any calculations or decisions are made. Real-time 
decision-making presents special programming challenges for collecting data, but the truly significant problems are 
presented in the statistical quality control (SPC) calculations and making decisions based on the calculations because 
there are no standard procedures for performing real-time calculations. 

Real-Time Calculations 

In the ICU, patient vital sign data are generated from clinical monitors and then transmitted to computers which 
calculate averages and control limits and chart the observations. Some monitors collect and transmit data for every 
heart beat, while other monitors collect the data and transmit them a some fixed interval such as one datum per 
second or one datum per 15 seconds and so on. The amount of autocorrelation in the data changes as the data 
sampling rate changes, but the calculation procedures do not change. · 

Some clinical monitors send data as soon as the data are available while others require some type of request for data 
instruction from the computer. Some clinical monitors are easy to send instructions to, while others have a complex 
procedure that must be followed. 

Figure 1 shows the general flow of data and the steps needed to perform real-time SPC calculations. The steps are 
simple, butthey must be f oUowed exactly because each step depends on the prior step. In addition, the control chart 
produced is different from control charts created using after-the-fact procedures. 

Figure 2 shows a portion of a control chart (average and standard deviation charts) calculated using the real-time 
procedure. Identify the region of the chart where the background color is yellow. The yellow area snows when the 
control limits are being reset, that is the centerlines and the control limits are being recalculated. Notice how the 
control limits change in the yellow area. The idea is that the control limits are established during a base period 
(yellow background) and then the vital signs are monitored for changes relative to the base period. 
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Figure 1 Real-time calculation procedure 
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After-the-fact Calculations 

The normal procedure for performing an after-the-fact analysis is to collect all the data needed, then using all the 
data the control limits and centerlines are calculated and then the graph is drawn. Figure 3 illustrates a control chart 
for ~verages calculated using after-the-fact procedures. Notice that the upper and lower control limits for xbar and 
the centerline, x double bar are straight. Since all the calculations are perform.ed after the fact, all the data were used 
for the calculations and there is no base period such as required in the real-time calculation example. The same data 
set is used for the control charts displayed in Figures 2 and 3. 

Figure 3. After-the-fact control chart for averages 
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FIXED DECISION-MAKING RULES 

A real-time program to generate control charts requires decision-making rules, while manual or spreadsheet ~ontrol 
charts allow the user to decide what rules to use at any time as the charts are created,,. The program's decision
making rules are based on the numbers displayed on the bottom of Figure 1. The number of subgroups before the 
program automatically recalculates may be set at 1, 3, 5, 10, 15, or 20. The default value is 10, which is the number 
displayed in Figure 1. Default values for graphing are part of the program. When collecting data, the default values 
sometimes do not center the output on the screen. If the autoscale function is on in the program, then the program 
will calculate the graphing limits and center the output on the screen. The number of standard deviations is usually 
set at 3. The ·program allows the user to change the number of standard deviations to 2, 2.5, 3, 4, or 6. The 
subgroup size is determined when the data are collected. 

When collecting data from a heart-beat to heart-beat clinical monitor for newborns, the subgroup size was changed 
to 20 to increase the elapsed time on the display. The desired elapsed time and the response rate of the screen 
depend on the nature of the patient and the time horizon associated with the current treatment. For ex,ample, in the 
operating room, a short elapsed time is acceptable, and a high reaction rate is needed. In an ICU, a longer elapsed 

. time is needed and a slower reaction rate is acceptable. 
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OBSERVATIONS-CONCLUSIONS 

Using the real-time based period calculation procedure results in a different timing of actions than when using the 
after-the-fact calculation method. Since the objective of SPC analyses is to identify change and to signal the 
caregiver to look for the reason for the change, the researchers' concern was to determine which calculation 
procedure places the quality control outlier nearest to the event for identification purposes. We could identify no 
measurement system to determine which calculation method resulted in the outlier being closer to the event. 

When the data collected in the. base period was stable, the· real-time calculation method seemed to have an 
adv~ntage. Generally, calculations based on a stable base period resulted in a smaller standard deviation, tighter 
control limits, and a better decision-making tool. 

We studied the real-time versus the after-the-fact calculation methods using many simulation data sets, as well as a 
collection of real vital sign data. There is no way to determine which calculation method is be~er; however, the 
results of this study indicate that there is a minimum penalty for using the real-time calculation method and in some 
situations, the real time method may be better. 
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ABSTRACT 

This study examines the rules for recalculating control limits when Shewhart-type patient control charts with control 
limits adjusted for autocorrelation are used and the data are collected with a heartbeat-to-heartbeat data collection 
monitor. According to process control guidelines, when a series of data points fall beyond the control limits, the 
limits should be recalculated. In a healthcare setting, the assumption is that the recalculation of control limits · 
provides a signal for the caregiver to examine the patient in order to identify the cause of the change and to 
determine if a change in treatment is necessary. A type I error occurs when the caregiver searches for a reason for a 
change, when no change has occurred, while a type II error occurs when the caregiver does not search for a reason 
for a change when a significant change has occurred. From a clinical perspective, a pertinent research question is, 
"can caregivers identify statistically significant changes in patients' vital signs that are also clinically significant so 

· that important changes in vital signs are not missed?" This study investigates the application of various rules for 
recalculating control limits in a clinical setting so that clinically significant changes are not missed. The study 
shows how computer monitoring affects the timing of patient examinations and aids caregivers in finding reasons 
for changesin a timely manner. · 

INTRODUCTION 

Autocorrelation is an important issue in applying quality control charts to patient monitoring. Autocorrelation 
occurs when an observation is a function of the prior observation. Patient vital sign data go in and out of 
autocorrelation by self-correcting (observations exceed the control limits and then come back within the 
control limits without any caregiver intervention). Control charts tracking patient vital sign data help caregivers 
identify changes that are statistically significant ( observations that are beyond the control limits for a specified 
period). However, a clinically significant change is a change in a vital sign that helps the caregiver identify the need 
to change the patient's treatment. 

In clinical monitoring a false indicator of a change (type I error) is an important issue. When a type I error occurs, 
the caregiver tries to identify the reason for the change in vital signs although no change has occurred. Another false 
indicator of concern is a type II error. When a type II error occurs, the caregiver does not look for a change when in 
fact the vital sign has changed. In clinical monitoring, the objective is to balance type I and type II errors. 
Therefore, the research question is: 

How should vital sign data be collected so that clinically significant changes in vital signs are recognized 
without looking for changes when no changes have occurred? · 

This study examines a series of data files collected from premature babies during a period of time when there were 
no clinical actions taken by the caregiver. The study focuses on the rules that are used to identify statistically and 
clinically significant changes in the data. A type I error is defined as the average number of times the control chart 
system indicates that the caregiver should examine the patient looking for the reason for a change.when no change 
has occurred. Procedures that require the caregiver to examine the patient when the change is not clinically 
significant is considered acceptable as long as the examinations occur once an hour or less. 

The monitor's data collection method is critic.al to this study; therefore, the researchers used a Nellco
0

r
1 

200 monitor, 
which collects data at the rate of one observation per heartbeat. It is important to note that the results of this study 

· cannot be applied to another type of monitor that uses a different sampling methodology. Sequential observations 
were collected in samples of 20 heartbeats. As the 20 observations were collected, a computer connected to the 
monitor calculated the average and the standard deviation of each sample. The caregiver can determine the rate at 
which the control limits are reset. A caregiver is expected to examine the patient whenever the control limits are 
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reset. Therefore, the caregiver may choose to reset the control limits when the average of one subgroup of 
observations is outside the control limits or the caregiver may prefer to recalculate the limits after the averages of 
several subgroups are beyond the control limits. This study examines the differences in the number of times the 
caregiver would examine the patient if the following rules are applied: when a run of 1, 3, 5, 10, 15, 20, 25, or 30 
subgroups are outside the control limits. 

EXPERIMENTAL APPROACH 

The. real-time patient control chart in this study is based on the Shewhart concept and includes an adjustment of the 
control limits for autocorrelation and data truncation. Autocorrelated data are data that are anchored in the past. For 
example, it is not possible to change from an overweight individual to an underweight individual over night. The 
change takes time because the weight of an individual is anchored to the past. 

The data collection rate was one observation per heartbeat and the subgroup size was based on _20 observations. The 
rule that required control limits to be reset after a single subgroup beyond the control limits is not practical because: 

1. A newborn may have a heart rate of 160 beats per minute. During one hour 480 subgroups of size 20 
are generated. Given a probability of 0.00135 of being beyond the three sigma limits then 0.648 
subgroups may be expected to be beyond a limit on the average chart and approximately the same on 
the sigma .chart. 

2. There are an unknown number of self-correcting patient changes per hour. 

When a reset rule of one point beyond the control limits was applied, the researchers detected about 5 observations 
beyorid the control limits per hour, one every 12 minutes by chance alone, which created an unacceptable rate of 
type I errors. Initially, the control chart program allowed the user to select: 5, 10, 15, 20, 25, or 30 subgroups in a 
row as the indicator that the vital sign had changed beyond the control limits. When an outlier indicated occur the 
system was reset by recalculating the patient's control charts control limits and center lines while at the same time 
c~anging the background color on the monitor from white to yellow. 

Experiment 

Fifty-eight (58) hours of patient vital sign data were selected from the database. The number ofresets was counted 
using the reset rules specified above and the number of resets for each rule was compared. Figure 1 indicates a 
patient control chart for data set: D:\z\med\h\r-ptl5\14a2la0.bqc. The yellow background indicates that the control 
limits and centerlines have just been recalculated (reset). The rule used was five (5) points beyond a control limit 
and three (3) sigma limits. 

When a reset rule of one point beyond the control limits was used the screen looked like it was always being reset. 
Figure 2 illustrates the results using the same file as illustrated in Figure 1 with the reset rule of one observation 
beyond the control limits. 

Another way to compare the run rules is to examine the approximate amount of time the patient control chart is out 
.oflimits before action is taken. On the assumption that a newbom's heart rate is 160 beats per minute and using a 
run rule of 5 in a row, the amount of time out of limits to action is 0.63 minutes. Using the ten (10) in a row rule the 
amount time out-of-limits to action is 1.25 minutes. 
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Figure 1 Patient Control Charts for Sa02 (Oxygen saturation) 
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Figure 2 Reset rule - one point beyond control limit 
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RESULTS 

Figure 3 illustrates the results in terms of resets per hour based on the number of subgroups in a reset decision. 
Using a run of five (5) subgroups beyond the control limits resulted in an average resets rate of 1.07 per hour for the 
SaO2 (oxygen saturation data) and an average resets rate of 1.01 per hour for the heart rate data. Using a run of 10 
subgroups beyond the control limits resulted in an average reset rate was 0.43 per hour for the SaO2 data and 0.53 
resets per hour for the heart rate data. Using a reset rule of 15 observations beyond the control limits resulted in .29 
and .. 38 resets per hour for SaO2 and heart rate data. As the number of subgroups was increased, the number of 
resets declined. As a result of this analysis the software was revised to allow the user to set the reset rules using 1, 3, 
5, 10, 15, or 20 subgroups in the reset decision. The default value was set at 10 subgroups in a reset decision. 

Figure 3. Resets per hour based on the number of observations beyond the control limits 
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When using patient control charts for more than a single parameter, the ten in a row rule is recommended because 
the estimate of the type I error is calculated based on the total number of control charts needed to monitor the 
·parameters. Since the objective is to reduce the number of unnecessary trips to examine the patient based on the 
reset alarms, the ten in a row rule reduces the number of reset alarms, while still allowing for adequate patient 
monitoring. 

CONCLUSIONS 

Using the rule one subgroup beyond the patient control limits in this setting, results in the caregiver examining the 
patient every 12 minutes or more, even though no change in vital sigris has occurred. Using the rule of five 
subgroups in a row beyond the control limits, the patient will be examined approximately once per hour. Using ten 
subgroups in a row beyond the Gontrol limits, the patient will have to be examined approximately once every two 
hours. We recommend the ten in a row rule, because of the current importance of the type I error, looking for the 
reason for a change, when there was no change in patient vital signs. 
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The final proof of any rule is in the using. Caregivers may try each of the rules to determine the most effective rule 
for the particular monitoring situation. The results of this study are applicable for newborns only. When monitoring 
adults, the analysis should be replicated using various sample sizes and varying the reset rules. A method that may 
be used to convert these findings to other types of patients or with newborns using a fixed time monitor is to 
examine the amount of time the subgroups are out of limits rather than to look at the number of subgroups. 
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INTRODUCTION 

Healthcare has become the fastest growing industry in the nation. Healthcare costs represented only 7.3 percent of 
our gross domestic product (GDP) in 1970. Costs escalated to 9.2 percent of the GDP by 1980, and 14 percent of 
the GDP by 1990. Costs are expected to increase to more than 22 percent by the year 2010, and 26 percent by the 
year 2020. If current predictions are correct, healthcare will represent 33 percent of the nation's GDP by the year 
2030 (Larsen, 1993). The healthcare industry represents a major growth area for information systems. Further, the 
"environment is more complex, and the tasks and procedures the computers have to perform are much harder to 
define than in other industries" (Dean and Johnson, 1991, pg. 23). There are -a record number of healthcare facilities 
presently involved in the selection and utilization of information systems. Current evidence indicates that this trend 
will continue in the foreseeable future. 

Almost every healthcare company has some type of Accounting Information System (AIS). AIS are comprised of 
hardware and software in conjunction with the people who use them. The primary purpose of an.AIS is to provide 
both management and operating personnel with the information they need in order to execute the company's mission 
in an efficient and effective manner (Davis and Cushing, 1980). The AIS is responsible for producing billings (to 
patients and third party payers), to have the capability of charging interest on overdue accounts, and must be 
adaptable in providing access to various data, such as aging statistics or volume statistics by groups or types. The 
system should have the capability of providing a central control of all services and materials that are required, 
producing reference files of products, vendors, or services, and providing a cost distribution by service function, 
organization department, or type of cost incurred. (Davis and Cushing, 1980). 

The healthcare environment is dominated by systems purchased "off-the-shelf' that have been developed with no 
direct user participation. For purposes of this study, "off-the-shelf' systems are defined as "information systems 
written by software development companies without participation by the end users and characterized as being able to 
perform their intended functions with no design or programming input from the end users" (Beatty, 1986, pg. 2). 

AIS USER SATISFACTION 

One important issue to both researchers and practitioners is how to measure the effectiveness of AIS. Measuring the 
effectiveness of AIS is a complicated task because of the difficulties involved in tracking and estimating the effects 
of the factors involved in system usage. Researchers have found it necessary to develop surrogate measures for 
information system effectiveness (Kim, 1989). Several examples of these surrogate measures have been provided in 
previous research. Bailey and Pearson (1983), and Jenkins and Ricketts (1985) employed user satisfaction defined 
in terms of "attitudes" as a surrogate. "System usage" served as the surrogate in studies by Srinivasan (1985) and 
Trice and Treacy ( 1986). Gallagher's 197 4 study employed user satisfaction in terms of "information quality" as the 
surrogate (Kim, 1989). Numerous studies (such as Robey and Farrow in 1982, or Baroudi, Olson and Ives in 1986) 
have shown the importance of participation by users in the information system development process and the effect 
this participation has on user satisfaction with the system. These studies have also shown that systems in which the 
users have participated in the development process tend to experience higher degrees of satisfaction and successful 
system implementation than in systems where the users have been less involved (Beatty, 1986). 
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This study ·examines two factors that affect user satisfaction with AIS. First, user knowledge ofhealthcare industry 
practices is examined. Specifically, do higher levels of user knowledge of the healthcare industry relate to higher 
levels of user satisfaction with the AIS? Second, user knowledge of computers is examined to determine if higher 
levels of user knowledge relate to higher levels of satisfaction with the AIS. This research determines if these 
factors are related to user satisfaction with AIS's in a healthcare environment, and therefore aid in both system 
design and in the selection of AIS's in the future. 

RESEARCH SIGNIFICANCE 

Previous research has examined the significance of user participation.in MIS development (such as "off-the-shelf' 
MIS development), and has identified several important factors related to user satisfaction with these types of 
systems. However, no studies have been conducted on user satisfaction of AIS's in the healthcare environment. The 
healthcare environment is in the midst of a very turbulent period. Healthcare pricing has evolved from a system 
based on "cost-plus-profit" to a system based on fixed prices. There has been a large increase in the number of 
malpractice suits filed against physicians and healthcare facilities, which has caused a dramatic increase in the costs 
of liability and medical malpractice insurance (Kettelhut, 1992). Recent changes in legislation have also had an 
enormous impact on the healthcare environment. Major economic programs, such as Medicare and Medicaid, are 
based on federal legislation. Further, there is a tremendous growth potential of AIS's in the healthcare environment. 
A recent survey of 1,800 executives in 23 industries conducted by the Business Research Group found that 

executives in the healthcare industry expected to increase their information system spending by 9 percent in 1992, as 
compared to an average of 3.5 percent for all other industries in the sample. The healthcare industry ranked second, 
with only the automotive/aerospace industry ranked ahead of it (Franchi and Farrell, 1992). 

In summary, a study of user satisfaction with AIS's is needed because of these factor: (1) the healthcare environment 
is experiencing a turbulent period; (2) AIS's play a major role in the healthcare environment; and (3) there is 
tremendous growth opportunity of AIS's in the healthcare environment. In addition, with an increase in spending 
(both capital and operating) for information systems in the healthcare environment, the relationship between system 
costs and user satisfaction should be investigated. 

RESEARCH METHODOLOGY 

The evaluation of the AIS's was performed by administering a satisfaction instrument (in the form of a questionnaire) 
based on Bailey and Pearson's 1983 study and Beatty's 1986 study. A four-part questionnaire was administered to 
members of the Medical Group Management Association, a group composed of administrators and support personnel 
(such as accountants, attorneys, etc.) of medical group practices and alternate site healthcare facilities. A copy of the 
questionnaire is available from the .authors. 

The research in this study builds on previous research by utilizing existing user satisfaction measurement techniques. 
A user satisfaction measurement instrument was initially developed in Bailey and Pearson's 1983 study. That 
instrument was condensed by Ives, Olson, and Baroudi in their 1983 study and was further modified by Beatty as 
part of his questionnaire in his 1986 study. The instrument used in this study is based on Beatty's questionnaire, with 
modifications to account for the use of accounting information systems and the healthcare environment. 

This research focuses on two factors when considering user satisfaction with AIS: 1) users' levels of specific job 
knowledge and 2) users' levels of computer knowledge. These factors are examined in conjunction with their 
relationship to user satisfaction, and a hypothesis is established for each factor. 
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RESEARCH HYPOTHESES 

H1: User satisfaction with an AIS in a healthcare environment is positively related to the user's level of job 
knowledge. 

This hypothesis is based on Beatty's (1986) study of management information systems in a microcomputer 
environment. Job knowledge is defined as the body of technical knowledge necessary to perform a particular job 
function, which is acquired from either formal training (high school, trade school, college) or on-the-job training. If 
users are knowledgeable in accounting, and they are knowledgeable of their organizations' operations and 
information requirements, then they should be better able to examine and evaluate the various accounting 
information systems that are available. User task comprehension (the understanding the users have of the task to be 
performed by the AIS), described by Naumann, Davis, and McKeen in their 1980 study, forms the basis for the 
levels of technical job knowledge, with values ranging from "none" to "expert" (Beatty, 1986). 

H2: User satisfaction with an AIS in a healthcare environment is positively related to the user's level of computer 
knowledge. 

This hypothesis is also based on Beatty's ( 1986) study of management information systems in a microcomputer 
environment. If users are knowledgeable of computer concepts (such as hardware, software, and system design 
concepts), then they should be better able to read and comprehend the systems' user's manual. Knowledgeable users 
also should be better able to evaluate the prospective system more thoroughly, implement the system more quickly, 
and experience fewer problems in the process. Based on the above, knowledgeable users should be better able to 
examine and evaluate the various accounting information systems available. Developer task proficiency, also 
described by Naumann, Davis, and McKeen in their 1980 study, forms the basis for the levels of computer 
knowledge, with values ranging from "none" to "expert" (Beatty, 1986). 

QUESTIONNAIRE AND DATA COLLECTION 

A questionnaire instrument was used to collect responses from users of accounting information systems in the 
healthcare. The questionnaire consisted of four sections, with sections one and four being pertinent to this research. 
The first section had twenty-two multiple choice questions related to the user's demographic information. The fourth 
section, used to calculate user satisfaction with the accounting information system, had thirteen questions related to 
the system selection, installation, and service. Each of the questions four responses which are rated using an ordinal 
S(?ale (with ratings varying from one to seven). 

The Medical Group Management Association (MGMA) was selected for the survey. The MGMA is comprised 
primarily of administrators of medical group practices and alternate site healthcare facilities, and secondarily of 
accountants, attorneys, etc. This study focuses on accountants and administrators of medical group practices and 
alternate site healthcare facilities located in the southeastern United States. Medical group practices were chosen 
•since a greater percentage of healthcare is currently being provided in fairly large medical group practices, and this 
trend is expected to increase in the future. 

The actual data collection process involved two stages. First, the questionnaire was distributed to the members of 
the Medical Group Management Association of Florida at their Annual Conference in St. Petersburg in 1997. Sixty
one questionnaires were distributed at the annual conference, and 33 questionnaires were returned. The questionnaire 
was also mailed to all members whose names appeared on mailing lists obtained from various chapters of the 
Medical Group Management Association, which included members iri Alabama, Florida, and Mississippi. Members 
that attended the annual conference in Florida were deleted from the mailing list to eliminate duplication. Fifty-three 
questionnaires were returned as ,a result of the direct mailing to the membership. 
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ANALYSIS 

Because the satisfaction values are ordinal in nature, and because both of the user demographics are ordinal in 
nature, two applicable non-parametric statistical analysis procedures were selected. The Kruskal-Wallis analysis 
examines the hypothesis that several samples were drawn from identical populations. The Spearman' s .rho 
correlation coefficient provides an indication of both strength and direction of relationship between two variables. 

Table 1 - Distribution of User's Normalized Overall Satisfaction Scores 
Extremely Quite Slightly Neither Satisfied Slightly Quite Extremely 
Satisfied Satisfied Satisfied Nor Dissatisfied . Dissatisfied Dissatisfied Dissatisfied 

8 36 27 13 2 0 0 

The users' "nornialized" overall satisfaction score calculation was based on methods developed by Bailey and 
Pearson (1983) and Beatty (1986). A single satisfaction score, ranging in value from 1 (extremely satisfied) to 7 
( extremely dissatisfied) was calculated for each respc;mdent. The specific calculation methodology and program are 
available from the authors. The frequency distributions of the normalized overall user satisfaction measures appear 
in Table 1 above. 

The first hypothesis, which states that "the user's level of job knowledge is positively related to the level ofuser 
satisfaction with accounting information systems in a healthcare environment," is examihed using the user 
demographic from question 26: users' "knowledge of the specific job functions (such as general ledger, payroll, 
accounts receivable, etc.) that the system supports before beginning to use the current systems." Four ordinal 
categories of job knowledge were developed. The relationship between user satisfaction and job knowledge were 
examined. The results of the Kruskal-Wallis One-Way Analysis ofVariance test and the Spearman's Rank 
Correlation Coefficient for Hypothesis H1 are presented in Table 2. 

Table 2 
Kruskal Wallis One-Way Analysis of Variance 

and Spearman's Rank Correlation Coefficient for Hypothesis H1 - User's Level of Job Knowledge 

No Job Knowledge 
No Experience 

7 

Technical College, 
Less than 1 Year 

Experience 
6 

College Degree, 
More than 1 Year 

Experience 
54 

Kruskal-Wallis H statistic (adjusted for ties):3.140 
Significance (P-value): 0.370 
Spearman's Correlation Coefficient: 
Significance (P-value ): 

0.167 
.10 - .250 

Certification in 
Specific Job 
Function 

10 

The analysis indicates that there is not a significant increase in user satisfaction as the levels of specific job 
knowledge increases .. Both the Kruskal-Wallis test and the Spearman's Rank Correlation test were notsignificant. It 
appears that users who have higher levels of job knowledge will not necessarily be more satisfied with the AIS. This 
may be because most AIS in-the healthcare environment have become more "user-friendly" (with the advent of 
detailed "help screens"), and a great amount of education or job experience is no longer a prerequisite for using the 
systems. 

The second hypothesis, which states that "the user's level of computer knowledge is positively related to the level of 
1,.1ser satisfaction with accounting information systems in a healthcare environment," is examined using the user 
demographic from question 25: users' "knowledge of computers before beginning to use the current system." Four 
ordinal categories of computer knowledge were developed. The relationship between user satisfaction and computer 
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knowledge were examined. The results of the Kruskal-Wallis One-Way Analysis of Variance test and the 
Spearman's Rank Correlation Coefficient for Hypothesis H2 appear in Table 3. 

Table 3 
_ Kruskal Wallis One-Way Analysis of Variance 

and Spearman's Rank Correlation Coefficient for Hypothesis H2 - User's Level of Computer Kn_owledge 

No Knowledge 
of Computers 

9 

Completed Course(s) 
in Computers or 

. Data Processing 
30 

Can Develop/Use 
Applicable Spreadsheets, 

DBMS, Programs 
22 

Kruskal-Wallis H statistic (adjusted for ties): 1.44 
Significance (P-value): 0.696 
Spearman's Correlation Coefficient: -0.073 
Significance (P-value): > 0.250 

Computer Science 
or VS Professional 

7 

Hypothesis H2 is not supported by the data. There is no significant increase in user satisfaction as levels of computer 
knowledge increase. Both the Kruskal-Wallis test and the Spearman's Rank Correlation test were not significant. It 
appears that greater computer knowledge will not ensure more satisfaction with their accounting information system. 
This again may be because most accounting information systems in the healthcare environment have become more 
"user-friendly." In addition, with the increased usage of graphical user interface operating environments (such as 
Microsoft Windows) for accounting software, advanced computer knowledge is no longer necessary for using 
accounting information systems. · 

CONCLUSIONS 

Neither users' computer knowledge nor specific job knowledge were found to cause significant differences in user 
satisfaction. While this finding differs from previous studies, the difference may be attributable to the maturing of 
the market (more ''user friendly" accounting information systems and increased usage of graphical user interface 
operating environments). Therefore, accountants and managers should use these findings to assure users who lack 
experience with computers and with accounting information systems that their lack of experience will not affect their 
satisfaction with the systems. They should also consider that lack of user knowledge when hiring users should not 
significantly influence ultimate user satisfaction with the AIS. 

EXTENSIONS FOR FUTURE RESEARCH 

The "stages of growth" hypothesis is one area where the extension of this research is possible. Nolan and Gibson 
first developed the stages of growth hypothesis in 1974 by identifying four stages. Two additional stages were later 
added, which means that there are currently six identifiable stages of growth (initiation, contagion, control, 
int~gration, data administration, and maturity). The stages of growth hypothesis is beneficial in that in "can be 
observed at several different levels within an industry or within an organization, and because the concept provides 
predictability" (Frenzel, 1992, pg. 20). 

As mentioned previously, the healthcare industry is currently in the initial growth stages (initiation and contagion) of 
accounting information system development. However, the industry is quickly moving to the intermediate stages 
( control, integration, and data administration). Examples of this evolutionary process are the recent emphasis placed 
on electronic data interchange a:nd on the development of computer-based medical records. The results of this study 
could be compared with those of a similar study as healthcare evolves in the intermediate and latter stages of 
information system development. In addition, research could investigate the specific effects the stages of growth 
have on user satisfaction of accounting information systems in healthcare. 
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One of the most difficult problems facing nursing personnel service administrators is maintainipg a balance between 
costs and quality of nursing care affected by many factors including nurse scheduling practices. Mathematical 
models look good on paper but in reality are very difficult to live with. They were found lacking in some general 
areas like failure to adequately represent multiple objective environment and no allowance for decision maker 
interaction. Majority of nursing units have some form of self scheduling. The author attempts to determine 
scheduling procedures and guidelines, communication flow, and tools to create schedules applied at major hospitals 
in New York and Pittsbµrgh area hospitals. 

EMPLOYEE SCHEDULING 

Workforce scheduling problems arise in a variety of situations. Wherever something is produced or some services 
are performed, a function of a scheduling is performed. There has been a considerable use of mathematical models 
in operational management, particularly in the deployment of physical resources. Similar techniques have been used 
in the deployment of human resources especially in service oriented industries, where labor is a very significant 
factor. Special purpose models and techniques have been investigated for such problems. 

For the service organization the following . key decisions are to be determined: 
a. the number of employees allocated to each operation, 
b. the tour worked by each employee (tour assignments are critical since the necessary response time to external 

demand is stringent). 

Service organizations, therefore must cope with both cost and service considerations which introduces the issue of 
multiple objectives. Most service organizations, e. g. hospitals, deal with a cyclic staff scheduling problem, operate 
24 hours a day, seven days a week with demand services varying over each hour of the week. 

Employee scheduling function is important to business, to people, to economy. It directly affects the quality of life 
and the structure of daily and weekly activities of all working people and their families. Employees are the most 
important resource in most organizations and must be scheduled to lead to effective and efficient operations. In 
services excessive staff, idle time, lost sales, and long customer waiting times and in cases of emergency services 
poor scheduling policies may cause loss of life. 

The employee scheduling function is the activity that develops a detailed roster of employee assignments like work 
hours, work days, and rest periods for periods of demand. The employee schedule represents management's plan for 
the allocation of its most important resource - the people in the organization. 
In service organizations there continues to be greater demand for high human interaction in providing services. The 
employees of service organizations seek greater freedom from work time constraints, more input in factors that 
affect their work environment, and greater individual responsibility in the workplace. 
It is very important for an employee to be satisfied with his or her schedule of work. Before an employee schedule 
can be adequately developed, several issues need to be resolved. Below is a partial list of such issues adopted from 
Nanda and Brown 1: 

1. Starting work hours for employees; 
2. Length of workday; 
3. Length and scheduling of rest periods in a work day; 
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Days on and days off policy; 
Policies of shift differentials and overtime; 
Definition of start of work week; 

4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 

Policy on length of vacation time, sick leaves, personal time, and jury duty; 
Selection (pick) or assignment for shifts, vacations, and so on; 
Fixed or rotational assignment of days off and shifts; 
For rotational days off, a weekend off proportion in the work cycle; and 
Policy on use of temporary or part time employees. 

Service providing organizations cannot store service capacity for later use and must typically provide the service at 
the time and in the place where customer desires it. In service organiz_ation the key tradeoff is therefore often 
between over capacity causing staff idle time and increasing costs, and under capacity, causing user waiting time 
and reduced·service levels. 

The quality of service depends on a stable, knowledgeable, and motivated staff. The service personnel directly 
interact with the user determining the quality of service and reputation of the provider. This interaction is extremely 
important in many services, which are critical to health and safety. · 

The process of converting daily work force requirements into precise scheduling assignments is called a shift 
scheduling. Safety regulations, union requirements, company policy and sound economics will impose the 
constraints on the times of work in a given organization. 

Staffing methodologies described in the literature fall into four major categories: 
1. Descriptive, using a number of variables, survey methods, and subjective judgements of individuals; 
2. Industrial engineering , using techniques of work distribution, work measurement, task or function analysis and 

the like; 
3. Management engineering, using system analysis, industrial engineering tools, and builds upon findings from 

operations research; 
4. Operations research, directed toward enabling one to make decisions based on some scientifically established 

relationships. Mathematical models are built to represent the real life situations. The optimal solution and set of 
procedures are then made available. 

MANPOWER MODELS AND ALGORITHMS 

The general scheduling problem can be defined in terms of five related steps; i.e., it can be decomposed into five 
separate but related subproblems or stages, namely: 
1. The determination of temporal manpower requirements; 
2. Total manpower requirements; 
3. Recreation blocks; 
4. Recreation/work schedule; 

· 5. Shift·schedule. 
Tien and Kamiyama 2 give a comparison table for manpower scheduling algorithms with respect to the five stages 
mentioned above and also classify scheduling problems with respect to the major emphasis being that of: allocation, 
recreation days per week, minimization of total manpower requirements, and general models. 

Smith 3 proposed yet another type of categorization of algorithms, i.e. according to the type of schedule ( cyclical or 
non-cyclical) and the solution procedure (i.e. heuristic or optimizing). Given the fact that the manpower scheduling 
problem is a combinatorial optimization problem, it is not surprising that the associated models are-mostly integer 
programming in formulation. 

One can also group scheduling problems in three major categories: 
1. A shift scheduling problem. It assumes that manpower requirements are based on desired service levels and 

known for several for each of several time periods during the day. The problem exists when it is necessary to 
determine what work schedules should be selected within each working day to provide employee coverage of 
requirements, and no work rules constraints exist regarding how daily shift schedules may be combined to form 
weekly schedules. 4

•
5

•
6

•
7

•
8 

_ 
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2. The days-on scheduling problem. This problem is concerned with scheduling 5-day pattern into a week 9•
10

• • 

3. Tour scheduling problem exists when management must simultaneously schedule the specific hours of day and 
the specific days of the week that each employee works. 

EMPLOYEE NEEDS AND FACTORS AFFECTING NURSES' JOB SATISFACTION 

Public and employee concerns and efforts of organized labor have led to legislation like the Fair Labor Standards 
Act of 1938 and its amendments, and negotiated agreements on work hours, compensation, and work rules, 
including scheduling practices. . · 

In many service organizations the efficient utilization of personnel is very important. It is especially true in the case 
of hospitals since the largest cost factor in the hospital budget is the salary of nursing staff, typically about one third 
of the hospital budget 11

' 
12 Scheduling shift work is among the most frequently named reasons for nursing discontent 

i3_ Hospital nursing shortages are created by the unsatisfactory working conditions resulting in j_ob hopping posing a · 
serious threat to the healthcare of the nation 14, especially since nurses provide 95% of the care a patient receives 
while being hospitalized 15

· 

Godfrey 16 conducted a comprehensive survey of nursing satisfaction. The questionnaire designed under his 
direction was answered by 17,000 nurses from USA and Canada. Letters accompanied over 800 responses. The 
following factors were highly related to job satisfaction: · 
1. A feeling of accomplishment at the end of the day; 
2. Adequate staffing; 
3. Acceptable working hours and schedules; 
4. Authority to do the work as it should be done. 
Many nurses complained about inadequate staffing. The day shift was clearly preferred. Opportunity for 
professional growth was the most important consideration when looking for a new job. Second after professional 
growth, what nurses wanted most was a choice in their scheduling and adequate staffing. Choice of hours or shift is 
essential for a good job. The biggest complaint about scheduling seemed to be directed at having to work too many 
weekends and holidays. 

The second survey conducted by the American Academy of Nursing 15 looked at the problem from a different 
perspective, namely focusing on the reasons why nurses stay in their jobs and the reasons for their job satisfaction. 
Forty-one hospitals with 85% nursing positions filled on an annual basis were surveyed. According to this survey 
staff nurses consider the following factors to be the most important in promoting and retention of staff: 
1. A nurse to patient ratio which assures quality patient care; 
2. Flexible staffing to support patient care needs; 
3. Flexible scheduling; 
4. . A strong, supportive nursing administration; 
5. Clinical advancement opportunities; 
6. Primary nursing; 
7. Participative management; 
8. Open communication, in all directions; 
9. In-service and continuing education opportunities on all shifts, 
I 0. Good nurse-physician relationships; 
11. Longevity benefits for staff; 
12. Tuition reimbursement. 

Interviews made it clear that the nurses in the magnet hospitals have the opportunity to participate with their head 
nurses in planning their work schedules and that consideration is given to arranging their hours of work to 
accommodate family needs, educational programs, and other personal activities and preferences. Weekends off 
seemed to be very important to most nurses. 

MATHEMATICAL MODELS,FOR NURSE SCHEDULING PROBLEMS 

Below are just some of the models for nurse scheduling problems that date back to 1961. 
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Warner and Prawda 20 presented a model that minimized a "shortage cost", that satisfies nursing personnel capacity 
and specifies the number of nursing personnel of each skill class to be scheduled among the wards and nursing shifts 
of a scheduling period. 
Mathematical approach to scheduling of nursing personnel according to nursing preference was proposed by Warner 
21 

Arthur and Ravindran 22 presented a multiple objective nurse scheduling model that is formulated as a goal 
programming model that allows for consideration of multiple conflicting objectives inherent in scheduling of 
nursing staff. The major advantage of a goal programming formulation lies in the flexibility of choosing priorities. 

The mathematical programming models are of great importance due to their realization of many conflicting 
objectives and constraints present in the nurses scheduling problem. The goal programming application examples 
enable the decision-maker to choose their own priority structure. Even though they did not incorporate all the 
constraints of the nurse scheduling problem, the GP models proved their applicability to nurses scheduling. The 
authors imposed their own priority structure on the models but a user interaction is insufficient. 
Employee scheduling can be a difficult and time consuming task. Researchers have been analyzing these types of 
problems from an analytical or mathematical standpoint. Mathematical techniques have not found popular 
acceptance partially due fo the schedulers not having access to appropriate computer support. 

NURSE SCHEDULING-CURRENT STATUS 

In most healthcare institutions, the nursing staff is much larger than the staff of any othe·r department so that the 
nursing personnel budget is often 60 to 70 percent of the institution's total personnel budget. 23 

When personnel must be reduced, the nursing department is trimmed before any other. Also, nursing group is less 
vocal than any other employee group with comparable personnel budget. Nursing staff tends to be demoralized by 
imbalance or inconsistency in staff size. Working in an understaffed unit that has imp.roper mix of personnel creates 
role confusion, communication problems, and time waste. 23 

The author conducted field studies of nurse scheduling practices in the New York and Pittsburgh area hospitals. 
Several nursing administrators and nurses schedulers were interviewed and the interview subjects were given the 
following questions: 

· 1. What are the objectives that the schedule must satisfy? 
2. Who participates in the scheduling process? 
3. What computer packages, if any are used in the scheduling process? 
4. What is the availability of computers at the offices of the nursing personnel? 
5. What, if any, mathematical approaches are used to create nurses' schedules? 
6. How are the nurses' complaints handled? 
7. What are. the most frequent requests and how are they handled? 
8. What kind of shifts do nurses work? 
.9. Are nurses unionized? 
10. Is there a formal process of evaluating schedules? 
11. What is the size of nursing personnel? 
12. Who does nurses' schedules? 

Out of twelve hospitals only three have a computerized process of nursing scheduling. All three use ANSOS - The 
Automated Nurse Staffing Sy~tem by Atwork Corporation. Out of the three hospitals only one uses ANSOS to do 
the actual schedules. In the other two nursing managers still insist on preparing schedules by themselves, by hand. 

This does not come as a ~urprise since: " Hospitals are collection of fiercely independent departments that resist the 
collaborative efforts necessary to make information systems work effectively "says Mr. Donerfest, president of a 
Chicago based consulting firm bearing his name. 24 

Based on literature 21 and the field study the nursing manpower decisions include the following: 
1. The staffing decision is made by specifying the number of full time equivalent (FTE) nursing personnel of each 

skill level ,calculated based on the historical census data and patient acuity ratio. 
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2. The scheduling decision is made every scheduling period (usually every four or six weeks) by specifying the 
time each nurse will be on and off duty, so that minimum number of each skill class is provided at each shift 
each day. 

3. The allocation decision is made for each shift centrally or decentrally by allocating the float pool of nurses (if 
such one is available) to fine-tune the scheduling decision accounting for largely unforeseeable variability of 
nursing care arid absenteeism. 

4. The assignment of tasks to individual nurses is made by careful matching of patient care requirements and 
nurses' skills. 

In view of current emphasis on hospital costs and maintaining quality, it is becoming increasingly important that 
hospitals develop ways of improving nurse-scheduling practices. 
The initial field study shows that: 
1. Mathematical models look good on paper but in reality are very difficult to live with. Not even one interview 

subject admitted to use some kind of a mathematical approach in the process of creating a schedule for nursing 
personnel. · 

2. Even when a computer program is available, nurses still prefer to do the schedules manually. 
3. Creating a schedule by a head nurse takes on average 8 to 12 hours each scheduling period. 
4. It is becoming more and more popular that the nurses are involved in the schedule creation process. The 

majority of nursing units has some form of self-scheduling. In case of one of the Pittsburgh hospitals, out of 21 
units only three have a nursing manager performing scheduling function while the other 18 apply self - · 
scheduling procedure involving all nurses and/or a special committee. The time to accomplish a schedule varies 
in this case from 4 to 50 nurse hours per schedule for scheduling committee members only. 

5. Eight and twelve hour shifts are the most popular. 

CONCLUSION 

Over the past three decades, a considerable amount of theoretical and applied research has been devoted to nurse 
sc~eduling problems. Models in the literature were found lacking in some general areas: · 
1. No allowance for decision maker interaction; 
2. The failure to adequately represent the multiple-objective environment that exists for scheduling decisions; 
3. The ability to effectively study the interrelationships between the multiple objectives and the quality of 

schedules derived. 
The entire scheduling effort must be tied to the environment and the decision maker(s). The decision-maker is the 
one evaluating the importance of each particular environment constraint. 
The field study revealed that great changes occur in the way schedules are created for nursing personnel. More and 
more hospital units do apply self-scheduling process with increasing participation of all nurses. The self-scheduling 
process has not yet attracted the much-needed attention of researchers. 
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ABSTRACT 

The amount of information gathered and stored since the advent of the Internet has increased dramatically. 
Both individuals and corporations are ~toring information like never before. While this information is useful to those 
who created it, it is even more powerful when it is combined with information gathered from other sources. This is 
not a trivial task considering the sources are heterogeneous, both at the physical and logical layers. Database 
administrators desperately need a single platform to view, update, and query data from these differing sources. Java 
technology has risen to answer this need. Moreover, Java based Mobile Agent Technology can be a significant aid to 
enterprise agility, particularly with distributed information [3]. This technology is available today to solve a number 
of complex issues involving this topic. The implications of using Java and its facilities for distributed databases 
together with Java based mobile agent environments are discussed. Furthermore, an effective and reusable generic 
Database Query Agent, derived by the authors, is introduced. 

1 DISTRIBUTED DAT ABASE SYSTEMS 

Distributed databases are a collection of databases, which coordinate with each other across a network to 
appear to the user as if they were a single database. Each site or node in a distributed system manages its own stored 
data, but has the ability to access data at other locations to which it is a part of. Geographic distance is not a factor, 
which determines whether or not a database is distributed. Heavily used data are stored locally, while the site still · 
has access to the other information stored elsewhere. Queries and updates can be made to all sites in the system 
through the network. Each node operates autonomously, thereby increasing the reliability of the system as a whole. 
If any one node goes down in the network, the remaining nodes will still operate correctly. 

1.1 The Issues 

Creating and maintaining a distributed database system has its share of issues. The areas of query processing, 
catalog management, update propagation, recovery and concurrency control needs to be addressed. 

Query processing is the means by which queries are handled in a distributed system. When queries operate on 
locally stored data, they are handled in the same way as in traditional databases. However, there are two ways 
queries can be addressed when data is involved from other sites. The first method is where the host retrieves the data 
across the network from each one of the other nodes in the system that it needs information from. The data sets are 
returned to the initiating host, and the query is processed locally [6]. This method is simple and straightforward, but 
is time consuming on two accounts. First, all of the data must be transferred across the network, which can be very 
large at times. Second, the host that initiates the query is responsible for performing all of the operations, which may 
require a large amount of processing time. The other method is for the initiating host to distribute the query 
operations to the other sites to be operated remotely on each site which has the data. After the operation, these 
remote sites are required to derive the results back to the initiating host. Network traffic is reduced because no 
extraneous data is returned to the initiating host. The processing power on remote machines is used, taking the 
burden off of the initiating host. Of course, this implies that the initiating host must have the capability to optimize 
the query before distributing it to the remote sites to achieve the desired data set. This is where Mobile Agents can 
play an important role, as we'll see later. 

In a distributed system, storing the catalog information for each node is not a trivial task. In theory, there are 
three ways in which the catalog can be stored: centralized, fully replicated, or partitioned [6]. The centralized 
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method states that the information is stored in a single common place for all of the nodes to access at will. This 
implies that a central server would need to be established, which contradicts a true distributed system. Duplicating 
the catalog among all of the nodes in the system is a good idea, but requires significant overhead to ensure catalog 
integrity between each node. Downtime for databases to update system wide resources is not an option - especially 
in a system which may span multiple time zones. The third theory states that the catalog is fragmented and 
distributed among all nodes, similar to the data. While this seems like the logic~~ choice to stay true to the 
distributed model, it has some problems too. Additional traffic is created on the network to determine what's stored 
where before the query is started. In practice, a combination of these three methods is used [6]. 

Update propagation in a distributed database is problematic because of the fact that there may be more than 
one copy of a piece of data because of replication, and data may be split up because of partitioning. Any updates to 
data performed by any user must be propagated to all copies throughout the database. Ensuring system information 
including the catalog, distributed among each node in the system, can be handled in a few ways. One common way 
is to have ~ single primary copy and a number of duplicate secondary copies. The primary copy is always the first to 
be updated and therefore contains the correct information at all times. The primary copy updates the secondary 
copies in a timely manner. Similar to this, but slightly different is a model used by DNS servers on the Internet. 
Each node keeps a local copy of the last known stat~ of the local data with pointers to the nodes that are responsible 
for storing these local data. In the event that data is moved from one node to another, the local copy is first updated 
to reflect the new state of the local data. If the other.nodes' catalogs are always pointing to the correct repository the 
correct state of the data can always be calculated through a chain of look-ups among the nodes. Eventually all copies 
are updated to point directly to the node which is directly responsible for the local data. 

When performing updates to a database, the process is either all or nothing. In the event.that there is an error 
updating some data, the system must have the ability to restore the state of the database to what it was before.the 
operation began. Distributed database systems must support recovery control. Most distributed systems currently 
deployed use the same two-phase commit mechanism as traditional databases. Concurrency control is a big part of 
recovery control. Concurrency control is the ability to test and set locks at all logical levels within a database 
system, relational, and tuple (terms with a key and zero or more arguments). Concurrency control can be done in 
several ways. Locking and timestamping are two techniques which can be used, but timestamping is generally 
preferred. 

This area differs from traditional database systems in that messages need to be sent across the network to 
coordinate the transaction between the nodes. Deadlock detection and avoidance mechanisms must be implemented 
globally. Coordination and performance considerations need to be made when constructing a distributed system. 
We can conclude a few things from the information above when designing a distributed database system. To 

• construct an efficient, secure, and versatile system it must be: 
• Platform independent - The database should be free from all specific references to hardware components 

and operating systems. 
• Network independent - The database should be free from the physical and protocol specifics by which the 

nodes are connected. 
• Autonomous hosts - Each node should be capable of running independently, and must be able to 'plug and 

play' with other nodes to which it is connected. ~ 

• Highly optimized - Both the transaction layer and the network layer must be optimized. 

2 JAVAANDDATABASES 

Java is an interpreted, object-oriented programming language which was developed by Sun Microsystems in 
1995 [9]. Its syntax and semantics are very similar to C and C++, but it doesn't have many of the faults that each of 
these two languages has. Java's main strengths are that it is truly object-oriented and platform independent, has an 
elegant and efficient memory management system and is very secure. 

Object-oriented languages are good, because they promote well-designed software and lend each piece of the 
software to be reused elsewhere. In opposite to traditional programming languages, object-oriented languages force 
developers to design the _structure of the softwar_e around the data. Each object defines a type of data, its attributes, 
and the functions (called methods), which can be operated on it, all in a single component. This means each 
component is a logically complete entity, which can be reused without any redesign. 

Java is a strongly typed, interpreted language. In order to execute a Java program, a developer writes it, and 
then uses a translator to convert the syntax into a platform independent byte-code format. This byte-code can then be 
distributed to any system and interpreted with a Java Virtual Machine (NM). These NM's are platform specific 
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which hides the underlying details from the Java program. The programs themselves are therefore highly portable. 
While it is possible to write Java programs, which will only execute properly on a specific platform, the Java 
language does not encourage this practice. With few exceptions, a NM exists for every computing platform [9]. 

Java handles memory issues in a more efficient way that most other languages on two accounts. The language 
definition gets away from the notion of pointers that can lead to developers writing programs, which overwrite 
memory or reference the wrong location with pointers. Secondly, objects are created if needed by the developer, and 
are automatically reclaimed later by Java's built in "garbage collection" feature. This very useful feature is not 
present in other execution environments without developers explicitly writing such a feature . 

. There are clearly two levels of security, which Java offers above other programming languages [2]. As stated 
above, the first level of security is defined by the constraints of the language. When translating the Java source into 
byte-codes, the translator ensures that all memory references are constructed appropriately. There is no pointer in the 
language, so developers cannot accidentally reference incorrect memory locations or overrun array or string 
boundaries. The second level of protection is at execution time. Java programs are limited in what they can do with 
the host system's resource. It is the NM's responsibility for verifying the program's integrity, preventing stack 
overflows and underflows, watching memory pools, and etc. An analogy to this would be putting a child in a 
playpen. It's free to do what it wants with what it has in the confines of the crib. 

There are a few standard Java database products available today. JDBC, SQLJ, and Java Enabled Databases are 
the three of which most people have heard about [2]. However, these technologies are only pieces in the distributed 
database puzzle - not an overall solution to the needs we've outlined above. 

2.1 JDBC 
Java 1.1 introduced the JDBC Application Programming Interface (API.), a set of classes and programming 

interfaces for executing Structured Query Language (SQL) statements which are modeled loosely on Microsoft's 
Open Database Connectivity (ODBC) standard. JDBC allows Java programs to access ODBC compliant databases 
in pure Java, without using C++ stubs, which makes it possible for developers to write database applications using a 
pure Java APL JDBC is a 'low-level' interface allowing developers to invoke SQL commands directly and providing 
a base upon which to build higher-level interfaces and tools. 

The JDBC package provides two useful utilities: the JDBC driver manager, and the JDBC~ODBC bridge. The 
driver manager simply connects a Java application to the correct database driver. This driver could be a pure Java 
driver, or via the bridge, an existing ODBC driver can be used as a JDBC driver. The bridge is essentially a method 
for allowing access to old database systems, or ones that will never have a pure JDBC driver written for them. 
Direct access to ODBC from a Java program has previously been achieved by using the JDBC-0D BC bridge 
supplied free as part of the standard Java Developers Kit (JDK). However, there are several key issues that JDBC 
addresses with respect to ODBC access with Java that provide incentives for using the pure Java approach: 

• ODBC uses a C interface, and calls from Java to native C code which produces drawbacks in security and 
portability 

• There are language differences between C and Java e.g. Java does not use pointers, whereas ODBC uses 
them extensively 

• When using ODBC the driver manager and drivers must be installed manually on every client machine. If 
the driver is to be portable and secure on all Java platforms then the driver must be written solely in Java. 

In addition, one of the major advantages of mobile agent technology is server flexibility [5]. With a pure Java 
JDBC driver it is possible to serialize, encapsulate the driver within a mobile agent, and dispatch it to a remote 
server, where it can be automatically installed and loaded. This could have advantages for enterprise integration 
where changes to a remote database server can be achieved with a single agent. In fact an agent could be given an 
itinerary and tasked with updating a whole set of remote servers if, for example, a bug was found in the current 
implementation. JDBC plays a pivotal role in the proposed pattern for a generic query agent. 

2.2 SOLJ 
SQLJ is an ANSI standard for converting SQL into Java code. Typically, a database programmer will write 

some queries in SQL, then use a SQLJ converter application to transform the language into Java byte-codes. These 
Java byte-codes can then be integrated with other Java classes and executed dynamically through a database 
application with the help of a NM. The database schema is bound to the Java classes, which are created at the time 
the SQLJ is translated. All syntax, semantic and type check is performed by the converter as well. This implies that 
SQLJ is not suitable for dynamically created queries. As with JDBC, SQLJ is not only very secure but also platform 
independent because it is a Java code. · 
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2.3 Java Enabled Databases 
Java enabled databases are steadily making their way into the marketplace. By 'Java enabled', we mean that the 

database server is written in Java and runs on a NM. When a vendor creates a Java Enabled Database product, it 
will run anywhere. Another advantage is that classes or components can be easily upgraded without taking the 
whole database system offline. Sybase's Adaptive Server is a Java enabled database system. It supports SQLJ, RAD 
tools and JavaBeans. RAD tools provide application developers with a more usable interface to JDBC. In this 
product, RAD tools exist as Java classes. JavaBeans are a collection of classes, which define a functional 
component. 

2.4 Enterprise JavaBeans 
JDBC and SQLJ are tools written in Java to directly interface with databases. To handle the distributed aspect 

of distributed database systems, Sun Microsystems has designed and developed another model with a corresponding 
Java technology to support this - Enterprise JavaBeans (EJB) .. 

Enterprise JavaBeans is a component model for developing distributed object-oriented Java applications. 
Enterprise JavaBeans include a set of pre-constructed components, which are services that application developers 
can use to build scalable transaction applications. Each component has a well-defined, vendor-independent API, 
which allows developers to concentrate their efforts ·on building their specific business application, instead of the 
underlying details. Enterprise JavaBeans provide all of the core services necessary for application servers. Included 
in this list are state management, persistence management, distribution services, transaction management, and 
security [1]. 

All EJBs support state management for each session running in that server. A session is 9efined as a unit of 
work being processed by an application from either a local or a remote source. A stateful session is one that 
remembers the details of the transaction between method calls. It follows then that a stateless session is one that 
does not remember any items between method calls. Specifics on how platform resources are managed are left up to 
the developer of the EJB server (both logical and physical)[2]. 

By persistence management, we mean that the EJB server must be able to remember the state of objects 
between method calls. Sessions are not persistence, as they can be created and destroyed by a client. As with state 
management, EJB does not specify how this should be implemented. In databases, this could be handled by either 
writing data out to some physical device, embedding SQLJ or JDBC calls directly in the server, or mapping the 
objects in a server to a specific relation or tuple in a database. 

Remote Method Invocation (RMI) is the means by which distributed services are handled with EJB. The exact 
specification of the protocol is left up to application server developer [l]. The native RMI protocol is called Java 

.Remote Method Protocol. Support for the Internet InterORB Protocol (HOP), which is the CORBA standard 
communications protocol, is available in the new release ofEJB. This means that EJB servers is able to access 
CORBA compliant servers, and vice versa. While there is not yet support forDCOM, ActiveX clients can 
communicate with EJB compliant servers [2] . 

. Two key things can be said about the transaction management in EJB. EJB was designed specifically for the 
distributed environment. It also mandates that it supports a two-phase commit policy. These facts are both excellent 
reasons to use an EJB server when developing distributed database systems. The transaction API outlined by EJB is 
called Java Transaction API {JTA). JTA is a very flexible interface to manage all aspects of a transaction, including 
open, join, commit and rollback operations. This API does not specify the underlying transaction service. Sun 
Microsystems strongly recommends the ~se of JTS (Java Transaction Service). It is fully compatible with the Object 
Management Group's Object Transaction Services. Including transaction services within the EJB server instead of 
the application code, which sits on top of the server, simplifies the application. Application portability is increased 
because any transaction service can be used under the JTA [l]. . 

We know that Java itself has many security features in and of itself. EJB extends that concept even further by 
dealing with other potential security problems within the server, instead of leaving the details to the application 
developer. The server model specifics that individual sessions are secure from one another, and isolated from clients 
other than the one that created them. 

Distributed database servers conforming to the EJB specification are the best things to happen to the database 
industry in years. The layering outlined by EJB provides a flexible, scalable way to develop distributed d~tabase 
servers on top of proven communication protocols. Java itself is a secure language, free from many of the pitfalls 
associated with its counterparts. Its architecture is the epitome of portability because of its platform independence, 
running on desktop PC, Sun and NTserver, and even IBM mainframes. Oracle 8.1, introduced recently, is fully 
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compatible with the EJB API and others are on the way. Informix, Sybase, and IBM are just a few of the database 
vendors who had EJB servers available -last year. 

3 JAVA AND MOBILE AGENT ENVIRONMENTS 

Globalization and the advances in Information Technology (IT) systems have led to the emergence of the 
Virtual Enterprise [3]. This type of enterprise is made up of a number of co-operating companies who are generally 
physically distributed but work together to meet some market demand. As the operations of the enterprise are 
distributed geographically, the information systems that support them must be capable of distributed operation [6]. 

The saturation of network bandwidth, especially when part of the network in question is the Internet, means 
thatremote database access as required by the virtual enterprise model could mean ineffective IT support for the 
business. As well as data timeliness, factors such as, data integrity and security are also a concern when dealing with · 
the Internet. Java based Mobile Agent technology is able to overcome this set of problems through local interaction 
[4]. It is equally applicable to the problem of geographically distributed information sources, since mobile agent 
systems are inherently distributed. The agents can be goal oriented, communicative, and/or mobile [7J i.e.: 

• Goal oriented - they do not simply act in response to the environment; An agent is goal-oriented while 
traditional software is more task-oriented. 

• Communicative - they are able to communicate with other agents. 
• Mobile - they are able to transport themselves from one host to another. 
In order for these agents to exist within a system or to themselves form a system they require a framework for 

implementation and execution. This is known as the agent environment. 
It can be argued that Java has become the de facto language for writing mobile agent environments. Systems 

using it include Aglets, Voyager, Mole, JA TLite and Concordia [ 1 ]. The use of this platform neutral language 
provides the portability demanded by the mobile agent paradigm. As long as there is a Java Virtual Machine for 
each platform type in the system, any agent environment writt~n in Java will have the potential to take advantage of 
the facilities or legacy systems on that platform. This platform neutrality forms a good basis for enterprises requiring 
system agility, or wishing to form virtual enterprises, although accessing legacy systems is of course still a 
co.nsiderable problem. The recent availability of facilities for database access via the Java JDBC interfaces has 
improved conditions for legacy systems access. A generic Database Query Agent, derived by the authors, is 
discussed in the following section. 

3.1 Query Agent 
By taking a modular approach to the design of the Query Agent and using established 00 principles, the 

authors have derived an effective and reusable agent pattern that helps to provide the flexible and extensible 
infrastructure required by agent system designers. The Query Agent can be decomposed into several key · 
components, as shown in Figure 1. 

50 

Proceedings of the IEMS 2000 Conference 



QueryAgent . ~-·~~, .. ta&rudure ~ I denti 1ier_ . . 

Communication i - -
! ,--· - -, ! I Database Handler I 

· .................. · ............................................. . 

t l ~ 
Direct Manipulation 

Legacy System 

LJ 

Figure 1 The Query Agent pattern and examples of Data Handler modules 
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This must include mechanisms for dispatching, retrieving, shutting down and restarting agents in a suitable 
host. Most of this functionality is available through the host environment or by sub-classing from abstract classes 
provided by the particular agent environment used in the system implementation. For example, in the authors' 
implementation using the Aglets Workbench it is usual to extend the abstract Aglet class, and then provide 
implementation specific details if required. · 

3.1.2 The Identifier 
The Identifier plays an essential role in system security. Whilst it is usual for mobile agents to have the need to 

~arry an Identifier, static agents must also be able to prove their credentials. 

3.1.3 The Communication Package 
As distributed computing becomes more prevalent, the number of methods of communication seems to 

increase. In some examples, simple String matching is sufficient for communication. This can be seen in basic Aglet 
examples. However the problem of achieving semantic level communication between agents, recognized as both 
highly advantageous but difficult to achieve, is the subject of much research [8]. To handle this variety of 
communication methods, the proposed pattern includes a Communications Package structured such that the designer 
at will with respect to the system requirements can interchange it. Its role is to receive the incoming communication 
from arriving or querying agents and translate this into a format the Database Handler can understand. 

· 3.1.4 The Database Handler 
The Database Handler deals with all the details of connecting to a database, retrieving information, updating 

the database, or even switching databases transparently to the requesting agent. The modular Database Handler can 
easily be interchanged for whatever the situation requires. In the case where a virtual enterprise (that is already 
running a mobile agent system) requires a new collaborator, accessing the information contained within their 
databases requires only the production of a new Database Handler. If their IT system is sufficiently advanced this 
could be as easy as linking a JDBC-ODBC bridge to their middle tier, and providing a host for the agent. 

4 CONCLUSION 

The model upon which Java, Enterprise JavaBeans, and Java based Mobile Agents are built is in line with the 
requirements for distributed database systems. Java is a highly portable and secure object-oriented language, and 
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EJB provides a layered, distributed transaction environment for platform independent applications. Furthermore, 
Mobile Agent technology can be a significant aid in the rapid formation of the information systems that support 
virtual enterprises: The adoption of Java as the de facto language for mobile agent environments, and its database 
connection capabilities provided by the JDBC interfaces, ensures mobile agents are fully capable of integrating with 
legacy and ODBC complaint data sources. The combination of these technologies rise above the rest when 
determining which environment is best when creating distributed database systems. 
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This paper tries to discuss the potential uses of mobile agents in network management and evaluate software agents and a 
navigation model that determines agent mobility. It lists a number of potential advantages and disadvantages of mobile 
agents and includes a short mention of the ongoing standardization activity. The core of this article comprises descriptions 
of several actual and potential applications of mobile agents in the five OSI functional areas of network management. A 
brief review of other research activity in the area concludes the paper. 

Introduction 
There is a trend toward increasingly heterogeneous networks in today's communications environment. Such diversity 
requires that network operators have greater knowledge and increased training. Managing these diverse networks requires 
the collection of large quantities of data from the network; data that must then be analyzed before management activity can 
be initiated. Simultaneously, there is an expectation of increasing reliability and quality of service by users of today's 
networks. These challenges are the main forces driving research on software agents. Instead of one centralized and usually 
very large application that encodes the complete intelligence of the system, a number of relatively small systems, or 
agents, are involved in a cooperative effort to resolve a problem. It would allow for exchange of their viewpoints and 
coming up with strategies to make progress or to combine the results into a solution. This kind of problem solving is called 
Distributed Problem Solving (DPS) and each of the cooperating systems may be considered an agent. · 
Although an agent-based system can be implemented with any client/server technology, it differs from classical 
client/server systems because there is no clear distinction between a client and a server. All agents participate in the 
computation according to the role statically assigned by the designer or dynamically assigned by a human or agent 
supervisor. Agent mobility benefits agent-based ·network management systems with additional advantages over classical 
client/server (i.e., manager/agent) implementations as well as systems built with stationary agents. Now comes a brief 
introduction on software agents and mobile agents. Furthermore, a list of potential advantages of the use of mobile agents 
is presented. The section concludes with an overview of an emerging standard, the mobile agent framework (MAF). In the 
section that follows I present a number of applications of mobile agents in the OSI functional areas of network 
management. These applications are being developed as part of the ongoing research conducted within the Perpetuum 
Mobile ·Procura (PMP) project at Carleton. Each of them illustrates how mobile agents can help to overcome or ease the 
problems of management systems based on stationary components; The article is concluded with a review of related 

· research activity conducted elsewhere and prospects for the future. 

Mobile Agents 

Definition of Software Agent 
It is a challenge to provide a definition of an agent that would not be controversial. One possibility is to define a software 
agent as a computational entity, which acts on behalf of others, is autonomous, proactive, and reactive, and exhibits 
capabilities to learn, cooperate, and move. We will call these basic features a basic ag<;nt model. A mobile agent is a 
software agent that can move between locations. This definition implies that a mobile agent is also characterized by the 

. basic agent model. In addition to the basic model, any software agent defines a life-cycle model, a computational model, a 
security model, and a communication model. A navigation model also characterizes a mobile agent. Mobile agents can be · 
implemented using one of two fundamental technologies: mobile or remote objects. Examples of the former approach 
include AgentTCL and Telescript and the latter, Aglets .To make use of mobile agents a system has to incorporate a 
mobility framework. The framework has to provide facilities that support all of the agent models, including the navigation 
model. For the life-cycle model, we need services to create, destroy, start, suspend, stop, etc., agents. The computational 
model refers to the computational capabilities ofan agent, which include data manipulation and thread control primitives. 
The security model describes the ways in which agents can access network resources, as well as the ways of accessing the 
internals of the agents from the network. The communication model defines the communication between agents and 
between an agent and other entities ( e.g., the network). The navigation model handles all issues referring to transporting an 
agent (with or without i-ts state) between two eomputational entities residing in different locations. Ooviously, the 
framework incurs certain costs including increased memory requirements and execution and access delays on every 
participating device. The underlying technology, however, is evolving rapidly. For example, the footprints of Java Virtual 
Machines (NM), which are the basis for many mobile agent frameworks, are very small making them suitable for 
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embedded systems. It is believed that the use of Java chips will be important in the future networked devices. In addition, 
forthcoming new software packages like Jini address many of the needs of agent-based systems. The size of mobile agents 
depends on what they do. In swarm intelligence, the agents are very small. On the other hand, configuration or diagnostic 
agents might get quite big, because they need to encode complex algorithms or reasoning engines. Note however, that 
agents can extend their capabilities on the fly, ·on-site by downloading required code off the network. They can carry only 
the minimum functionality, which can grow depending on the local environment and needs. This capability is facilitated 
by code mobility. 

Advantages of Mobile Agents 
The use of mobile agents may have advantages over other · implementations of agents. This does not imply that other 
technologies (like remote objects) cannot be used instead, because virtually any task that can be performed with mobile 
agents can also be performed with stationary objects. However, the traditional solutions might be less efficient, difficult to 
deploy. · 

Mobile Agent Framework: An Emerging Standard 
As with any other communications-related activity, the general acceptance of mobile agents for network management 
activity will depend heavily upon standards. The Open Management Group (OMG) has already begun work in the area of 
mobile agents, and a draft standard has been prepared. The proposed standard attempts to be platform neutral and has each 
chunk of mobile code identify itself with a language, or execution environment requirement. The proposal identifies the 
need for mobile code regions, with gateways between them, that provide an agent application virtual layer on top of the 
actual network. An agent region is defined as a set of agent systems that can access each other, possessing similar 
authority and identifying a default migration pattern. Mobile agent facilities include the storage and retrieval of.agents, 
remote agent creation transfer and agent method invocation. The draft standard also draws heavily on CORBA, with IIOP 
being used as the transport protocol, and hinting that many pre-defined CORBA services such as naming, may be used to 
support mobile agent activity. · 

Two MAF objects and their interfaces are defined in the specification; the MAF AgentSysteminterface and the 
MAFFinderlnterface. The MAFFinder provides a naming service for agents, one MAFFinder (at most) being provided per 
region. The MAFFinder is registered as a CORBA object, the intention being that one agent, or MAFClient, may locate, 
and communicate with, another agent. The MAF AgentSystemlnterface provides standard management operations for 
agents, such as receive, create, suspend and terminate. The specification provides interface definition language (IDL) 
details on agent naming, authority (or in CORBA terms, principal), and type together these are used to generate a globally 
unique agent name; while the MAF specification is a useful starting point, it is limited in scope. No notification services 
are defined, security is briefly mentioned and the MAFFinder, in particular, has an impoverished interface. 

Mobile ·Agents for Network Management 
Network management systems have to deal with the very issues that are driving research on software agents: proliferation 
of data and heterogeneous environments. The problem with information flooding a network in the case of malfunction is 
particularly severe if we take into account that a solution has to be found quickly. The fault has to be diagnosed quickly 
and fixed automatically or a human operator needs to be informed and advised as to the proper course of action. In large 
networks, operators have to interact remotely with many devices from the managing workstation. To accommodate the 
diversity of network components, management applications incorporate large numbers of interfaces and tools. Network 
management systems are usually huge monoliths that are difficult to maintain. 

OSI Management Functional Areas 
Many tools are required to address all aspects of managing a communication network. The OSI management model 
recognizes that fact by categorizing these requirements into several functional areas. They are: 

• Fault management 
• Accounting management 
• Configuration management 
• Performance management and 
• Security management 

We will analyze several potential applications in each of these areas. We start with network modeling, which we consider 
necessary for many network management functions. 

Network Modeling 
In network management, automatic discovery is one of the fundamental functions of the management system. We use an 
unqualified term on purpose, because discovery might target many goals. In the simplest case, just finding the devices of 
the network is of interest. An extended version of discovery is concerned with the construction of more detailed views that 
may include, for example, services available on a device or devices that satisfy certain constraints. If the constraints are 
functions of device status, then we approach problem discovery. As the complexity of discovery grows, it is harder to 
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implement using classical client/server approach. Mobile code is a convenient vehicle for performing discovery tasks. 
While basic network discovery (node discovery alone) is not a convincing justification for the use of mobile code, its more 
sophisticated-variations certainly do benefit from the new capabilities. Nevertheless, the basic discovery of network 
devices is an excellent vehicle to illustrate the approach. One of the commonly used discovery techniques is sending ping 
messages to IP addresses in a certain domain. The discovering process builds its view of the network from the received 
responses. Instead, a mobile agent called a deg/et can be created with a sole task of sending the identifier of a visited node 
to the creator. The deglet is then injected into the network and travels by the means of the implemented migration patterns 
[24]. There are several similar issues to resolve as in the ping algorithm (e.g., the scope of the search), but the method is 
more flexible. For example, it does not require that the interlocutor have knowledge about the network. The termination of 
the task can be determined heuristically inside the deglet, for example, by counting the hops or an average number of visits 
of a particular node. By incorporating constraints in the discovery deglet, we can create partial network models. For 
example, constraints on the type of the devices in the discovery deglet will result in a network model consisting only of 
devices ofa certain type. If the constraint is on the utilization of a node, then we may model over-utilization problems. 
These network models can be created dynamically. They can be tailored to meet expectations of a requesting application. 
If the delegated task has a permanent nature, then we call the agent a net/et (after a network agent). Netlets are considered 
a part of the network infrastructure. The discovery process becomes ongoing with the use of discovery netlets. The 
network model can be maintained dynamically, because the netlet can discover the changes to the network configuration. 
A number of netlets might be assigned to perform the task. The density of netlets can control the speed with which 
changes are detected; the more netlets in the network, the shorter the detection process will be. Of course, there are certain 
constraints that define an upper bound on the number of netlets, e.g., throughput. Netlets can use the default migration 
policies implemented by the migration facilities. Alternatively, they may implement their own migration patterns. For 
example, a netlet may define the scope of the coverage, so it never leaves a particular sub-network. 

Fault Management 

Network Diagnosis -- The same principles that we saw in network modeling can be used to diagnose network faults . 
Detection of faults is a process of building a specialized model of the network. For example, a simple deglet performing 
selective discovery of nodes with utilization that exceeds a certain threshold builds a model of over-utilized nodes. If the 
constraints on discovery describe violations of what is considered normal behavior of network elements, then the agents 
testing the constraints perform a fault detection function . Either deglets or netlets may be used: Deglets can be used in 
reaction to discovered or suspected problems. They might try to collect additional information, perform enhanced tests or 
execute recovery routines. The constraints do not have to be confined to a single network device. They may encode 
complex fault detection and correlation algorithms. The only limitation is the size of the netlet with a direct impact on the 
efficiency with which it can migrate and on network throughput. That issue can be minimized by taking advantage of the 
expressiveness of Java code compression techniques, and intelligent methods. The theoretical foundations supporting 
engineering of mobile agents from the performance perspective are also being researched. On the other end of the size 
spectrum, we may have societies of small, biologically inspired and relatively simple agents that need to cooperate to 
deliver the intelligence needed for diagnosing network faults. A number of types (or species) of such tiny agents are 
usually injected in the network. Both deglets and netlets that comply with certain security provisions might be allowed to 
perform actions on network devices. Such active netlets can be used to address problems autonomously leading to an 
immediate recovery if such an action is .possible. The network manager will either be informed about the event or will be 
alerted if an automatic recovery is not possible or requires human involvement. A number of such specialized network 
repair agents might provide a high degree of network immunity to a range of problems. In the context of deglets, tasks are 
delegated as needed by an interface agent interacting with the delegating entity. In contrast, netlets can be assigned their 
ta·sks a priori by their designers and start automatically as an integral part of the networking infrastructure. 
Remote Maintenance of Heterogeneous Elements -- Mobile agents need to interact with hosting nodes through an 
"interface that provides secure, indirect access to the host resources and a number of other services. In the Perpetuum 
project this interface is called virtual managed component (VMC). A VMC is to be designed and implemented by the 
vendor of the network device. It may reside on the actual device or on a proxy if the device is not capable of accepting 
mobile agents. One of the facilities that vendors may include in the VMCs of their devices is a special downloadable data 
presentation applet, which make.s managing heterogeneous environments easier. When a device is connected to the 
network, knowledge about the available facilities is disseminated to interested parties residing in the network. For 
example, a discovery agent may request a _ list of supported services. A user browsing a list of devices may need to 
examine a particular device: If the device is registe~ed as· one that provides its own facility for examination of its state, 
then the applet is retrieved from the selected item and executed locally on the manager's workstation. It may execute inside 
a Web browser or as a standalone application. The applet provides data presentation and interactive functionality in the 
way that the vendor of the device considers as the most suitable for this partfoular device. If a device does not provide a 
presentation applet, then either the manager has a proper handler for the device or a generic device . browser will be used 
instead. This is a solution widely used in the legacy device agents of today's network management systems. A device not 

· only has to have its representation in the manager implemented, but it also has to implement a communication protocol 
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such as SNMP with the manager, which allows for the transfer of all device parameters. This is what makes today's 
managing systems so big and inflexible.- The solution with downloadable applets does not have such constraints. An 
additional attraction to this approach is provided by maintaining a repository of applets on a server, for example, on the 
vendor's Web server. The VMC shipped with a network device would include only a reference pointer to the remote 
applet, which would be brought from the server when needed. Another example of the use of mobile agents for remote 
maintenance addresses the problem of taking care of on-site devices that provide certain services at customer premises; for 
example, in a network for on-demand video delivery. In such future networks, it will be impossible to send a technician to 
test every faulty device, because there will be hundreds of thousands or more of them installed. A mobile agent will be 
sent instead. It may perform a sµjte of tests and attempt to repair the device if possible. Only if that fails will a human 
operator be involved. The agents can incorporate machine learning techniques, which may improve their future behavior. 
A library of agents can be established with an automatic selection of agents for specific tasks. 

Configuration Management 

Service Provisioning-- Provisioning services in telecommunication networks is a complex process, which usually 
involves several parties. Mobile agents c·an help to streamline the process. This fact has been recognized by agent-related 
activities of organizations working towards service provisioning standards, e.g., the Telecommunication Information 
Networking Architecture Consortium, TINA-C. In spite of aggressive popularization of ideas, the actual work seems to 
progress less vigorously. The research on active nets and switchlets can also be seen as an attempt to provide a 
comprehensive and flexible service provisioning platform based on code mobility, albeit at a lower level. To illustrate 
some of the opportunities for using mobile agents, let us analyze an example. Provisioning permanent virtual circuits 
(PVCs) in an ATM network is an example of service provisioning. It may take a long time to negotiate all aspects of a 
PVC that needs to be established between two ATM switches, especially if from the two switches are from different 
vendors. Very often, a PVC includes a path through a network cloud maintained by a network operator. The process would 
be even longer if another operating company offered similar services but with different prices. In a heterogeneous 
network, there could be several network managers involved in the process. A system based on mobile agents can handle 
similar tasks in an autonomous way. A request to set up a PVC can be assigned to a deglet, which coordinates the overall 
process. It uses additional deglets to perform partial tasks. Using ·these deglets, all of the necessary data is exchanged by 
the endpoints using the provisions incorporated into their respective Virtual Managed Components (VMCs). The deglets 
communicate with VMCs using a special ontology that generalizes the knowledge of setting up cross-connects and PVCs 
by -the vendor. Parts of the necessary data may be brought as required from remote locations; for example, vendor's web 
sites. Then, another deglet negotiates with the VMCs in the operator's clouds. The best deal is selected and the subsequent 
exchange of necessary information completes the setup. At that point, the requesting party is informed that the task has 
been accomplished. 
Component Provisioning -- Configuring a device requires that a number of attributes in the network and on the device be 
set as well as certain software components be installed. For example, a printer requires that its drivers be present on 
workstations that will be using it. Currently, the manager of the network has to perform all required tasks ~anually. 
Mobile agents can be used to implement plug and play network components. As an example, consider a task of installing a 
network printer. This task involves an established enterprise network of a number of workstations with potentially 
different requirements. For example, the drivers that are required to properly interact with a printer do differ between a 
Macintosh and Unix computers, or between PCs running Windows NT and OS/2. Let us assume further that the network is 
connected to the Internet. To make proper use of the printer, the workstations have to be provisioned by installing proper 
drivers. If the printer came with all required drivers or if the operating system included all of the drivers, then this part of 
the task might be tedious, but manageable. On the other hand, if there are no proper drivers, then the whole process 
becomes . very difficult. The dynamics of the network topology have to be handled as well since new printers and 
workstations are added. The VMC, which comes with the new device, a printer in our example, includes a bootstrapping 
provisioning agent. Upon connection to the network, a number of deglets or netlets are sent to discover the network 
devices that will need printer drivers. Then, the Web page of the printer manufacturer is contacted, so the latest versions of 
the required drivers can be downloaded. A printer's VMC may maintain a list of the devices that use the printer, so it can 
coordinate installations of new drivers as needed. The printer registers with the vendor, so if a new version of a driver is 
available from the vendor, then it is automatically sent to the printer's provisioning agent. As in the case of agents for fault 
diagnosis, configuration can be a result of cooperative behavior of large numbers of simple agents. 

Performance Management 
Certain aspects of measuring the performance of networks are difficult if a centralized server is used. Network delays 
make measurement precision questionable. Instead of remotely polling network elements, a mobile agent can be 
dispatched to perform an analysis, of the component locally. The information collected in this way is more accurate, 
because there are no delays involved whatsoever. A similar improvement can be achieved with a monitoring process being 
a part of the tested element, but that requires that the process be a static part of the local system. The solution with a 
mobile agent is superior, because it does not require permanent consumption of local resources. It is far easier to manage 
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from the maintenance perspective, since we can always use the latest version of a mobile deglet. In contrast, updating a 
static ·local monitoring agent is a longer process. Hot-swapping technologies can also be based on mobile code. Hot
swapping schemes can be applied to keep stationary network monitoring agents up to date. If the local monitoring agent is 
a dynamicaily extendable application (for example, a Java application), then modules co·mprised of mobile code (extlets) 
can be used to upgrade the application whenever necessary without distracting the services that the application provides. 
The mobile module does not have to reside on the local element all the time, because it could be downloaded whenever it 
is needed, not unlike the way applets are downloaded in a Web browser. The schemes with actual mobile agents are still 
better, because they require fewer resources, and additionally provide distributed processing and intelligent correlation of 
facts from different sources in the measurement process. 

Server migration, where a server is moved or cloned to a better execution environment, can be considered an example of a 
hot-swapping scheme. The decision to move or clone requires intelligent analysis of a number of factors such as service 
demand, network load, failure rate, etc. For example, a mid-level manager may be migrated to another location, if the 
failure rate in accessing its services or network latency is unacceptable. In another case, a server providing communication 
services in a distributed system ( e.g., a blackboard coordinator) might be moved or cloned if the requirements for its 
services is on the rise in certain areas. In all these cases, the server is, in effect, a mobile. In the context of network 
performance, the . important issue is of potential performance problems from the use of mobile agents. Taken to the 
extreme, uncontrolled mobile agents could flood the network, taking over a large proportion of its resources. The 
infrastructure for mobile agents enforces certain rules on the density of agents. For example, not everybody is allowed to 
inject mobile agents into th_e network. Those who are authorized to do so (human operators or system applications) have to 
provide information on what constitutes a normal pattern of behavior for their agents. If those rules are violated, then the 
infrastructure provides counter-attack mechanisms or, if the problem is persistent, the agents are refused services. The 
former may involve density thresholds and a license to generate and kill agents; the latter translates to extinction of agents 
through refusal to migrate them. 

Plug-and-Play Networks 
Mobile agents bring us closer to the ultimate network: a plug-and-play network. A plug-and-play network can 
automatically self-configure to accommodate component and user requirements. We have seen examples of mobile agents 
performing such functions as configuring network components and providing services. In another example, an applet was 
used to adapt the presentation of network data to the profile of the device and the profile of the user. If the components or 
the needs of a plug-and-play network evolve, then the network can detect the change and modify the configuration data. 
Discovery and provisioning agents in our examples provided such capabilities. A plug-and-play network can detect 
problems that may potentially affect its integrity resulting in deteriorating quality of service or compromised security. If a 
detected problem can be addressed automatically, then a plug-and-play network can repair itself autonomously. Again, we 
saw examples of netlets that can incorporate intelligence necessary to discover, correlate and address emerging network 
problems. A plug-and-play network incorporates a middleware layer that provides a range of services to the overlying 
network applications. 

Research Activity 
There are a growing number of centers conducting research on mobile agents. Pioneers in providing agent frameworks, 
such as GeneralMagic (Telescript and newer Odyssey) and Dartmouth College (D'Agents a.k.a. AgentTCL), have been 
joined, and sometimes surpassed, by IBM (Aglets), Mitsubishi (Concordia), ObjectSpace (Voyager), and others. Research 
flourishes in many application areas. In spite of being identified as one of the primary application areas of agents by" the 
Foundation for Intelligent Physical Agents and the Agent Society, network management is still relatively terra incognito as 
far as the use of mobile agents in concerned. Nevertheless, a number of centers are actively pursuing research on various 
aspects of mobile agents and mobile code for managing telecommunication networks. The Perpetuum Mobile Procura 

. group at Carleton University applies several types of mobile code in a pursuit of its ultimate goal, a plug-and-play 
network. Interesting research on applications of and the tradeoffs in using mobile code for network management has been 
conducted by the Computer Networks Group at Politecnico di Torino. The Astrolog group at the Institut de Recherche en 
Informatique et Systemes Aleatoires (!RISA) uses mobile agents for the Mobile Network Manager (MNM). This manager 
can be used from any location to manage a network remotely, for example, from a laptop connected through a modem. 
The research at the Intelligent' Mobile Agent Center of Competence (IMA-CC) of GMD Focus -concentrates on 
specification and development of agent platforms and applications based on state-of-the-art Intelligent Mobile Agent 
technology including applications in network management. Another group, Intelligent Communication Environments 
attempts to augment the standard open networking architectures, like Telecommunications Information 

1

Networking 
Architecture (TINA), by incorporating technologies based on mobile. Active Networks, which originated at MIT's 
Software Devices and Systems Group, but now spread to a number of research centers, is another interesting research 
activity advocating the use of programmable packets. Such packets constitute an additional soft layer on top of the 
hardware and fixed communication protocols, which can provide dynamic configuration, improved security, flexible 
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interoperability, extendable protocols, etc. This research is relevant in this context, because programs carried by 
communication packets can be considered mobile agents. 

Conclusions 
In this the use of mobile agents for managing networks was discussed. Much of the research in this area is in its infancy, 
so the available resources are scarce. Throughout the paper I have provide a number of references to related activities at 
other research centers. In the preceding section, I have included an overview of the research conducted at several academic 
and industrial institutions, which are involved in the research on network and system management with mobile agents. 
Many questions still need to be answered before any definitive remarks can be made. Nevertheless, research conducted at 
various places lend support to the.elaim that mobile agents present a technology that will become very useful, and perhaps 
even critical, in many areas of system and network management. Recent developments in the use of the Internet indicate 
that underline the importance of the agents in information-intensive applications. Agent mobility is being increasingly 
used to perform various tasks that would otherwise require extensive attention spans by the users of the services provided 
on the Internet. One trend, which is increasingly visible as exemplified by the technology based on Jini, is an intersection 
of technologies based on remote objects (l_ike CORBA), mobile code and agents. 
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ABSTRACT .. 
Mobile agent system has shown its great promise on distributing computing, mobile computing, and weak-network 
computing. It looks like the future of Internet and other networks will be incorporated with mobile agents. Lots 
people will enjoy the day when many agents "walk" inside the information highway while some business like web 
page design might not. However, the critical part of the mobile agent system is its security. The more promising 
mobile agents are, the more serious the security problem is. To protect the agents from malicious host is proved to 
be more difficult than to protect the host from malicious agents. And more, to build a totally trustworthy network, 
not only security technique is critical, the social mortality is important, too. In this paper we propose different 
techniques to deal with mobile agents security. 

INTRODUCTION 
Today's world is called the world of information! And by now, the Internet is the largest information resource and 
information traveling highway. Also, _by networking, the distributed computing is showing more and more promise 
to the future computation. However, real problems come with distributed computing and large data transferring. For 
example, to transfer a large amount of data by a low bandwidth channel is time consuming and painful. Also, to 
those users who frequently get off line, the long-time search proves to be a headache. 

Mobile agents seem to be the promising solution to these problems. Mobile agents are based on the idea that, 
instead of moving packet of data between stationary programs, a distributed system should be built by moving 
programs and allow mobile programs to interact with the hosts and other mobile programs. Thus, the transferring of 

· 1arge amount of data is no longer necessary, instead, the process program will move to the destination, finish the 
computation, and then send back the result which usually are small packets of data. Besides, because mobile agents 
are autonomous, they can continue they tasking even after the senders are off line. So, the definition of a mobile 
agent is an executing program that can migrate during execution from machine to machine in a heterogeneous 
network. In other words, the agent can suspend its execution, migrate to another machine, and then resume 
execution on the new machine from the point at which it left off [ 1]. On each machine, the agent interacts with the 
server agents and other resources to accomplish its task. After finishes all its task(s), the agent returns back to its 
sender. 

SECURITY AND MOBILE AGENTS 
Mobile agents are wonderful! They can conserve communication bandwidth, makes communications more 
efficiently; they can search sequentially several database or service providers to gather and filter information, lessen 
the users the burden of long time searching, waiting, and re-searching; also, they are especially useful when 
machines are poorly or partially connected. 

Let's get rriobile [9]! · However, to mobile successfully, the security of mobile agents have to be promised to be 
tight. Now matter how wonderful mobile agents tend to be, without security guarantees, they are only paper work. 
As we can tell from the developments of Internet and information hacking, the more Internet is explored and used, 
the higher quality of security is urgently demanded. 

Threads to a Mobile Agent System 
First, let's analyze the vulnerabilities of a mobile agent system by looking at its architecture. Although people pave 
different definitions and descriptions of mobile agents, typically, a mobile agent system must have at least the 
following architecture: 

• This work was partially supported by a grant from Lucas Faculty Excellence Endowment 
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Network 

From this diagram, we can tell that there are interactions among agents, hosts, and between agents and hosts. The 
vulnerability always lies at the positions where interactions happen. Also, since mobile agents will work at remote 
host sites, there may or may not be any trust between the host and agents, agent and agent, host and host. So, there 
are multiple ways an agent or a host is attacked. 

1. Agent to Host: There could be some malicious agents that try to break into a host or the host's computational 
environment. Think about how many hackers we have today! Since mobile agents can work by themselves, i.e. 
autonomously, it should not be surprising to find that in the future of mobile agent system, there will be more 
malicious agents traveling and digging than the virus. 

2. Host to Host: Since mobile agents can be sent out without the owner's signature, it will become difficult to trace 
where the agents come from. This will encourage some hosts to become malicious host which always send out 
malicious agents to steal information from other host, and agents, too. 

3. Host to Agent: Mobile agents will carry valuable information with them along their life cycle. Since agents will 
execute their codes inside the computational environment of a host, the host can become hostile to analyze the 
agents, ~teal its information, or even worse, change the agents or kill the agents after stealing its information. 

4. Agent to Agent: Imagine information traffic flow as our human highway. Agents come and leave, they will 
meet each other at host sites. Very possibly, there are some malicious agents that are designed to steal information 
from other agents, or destroy other agents. 

5. Agent Virus: Mobile agents will give virus makers fresh ideas about how to make new virus. It is possible that 
some mobile agents will contain virus codes, or act like virus. However, this is not the worst part. The worst part is 
that the mobile agents contain codes that will make virus! Since the agent looks safe on its appearance, it may pass 
the host guard to make virus inside the host machine, or it may break into another agent by cheating through the 
agent interface and then make other agents virus makers. Another agent virus issue is that since agents can spawn 
child agents to do parallel tasks, it is also possible that the agent loses control and keep making new child agents to 
slow down the network traffic. 
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Protect the Host 
Basically, to protect a host from attacks from agents, the host machine should be able to authenticate th_e agent's 
owner, assign resource limits based on this authentication, and prevent any violation of the resource limits. To 
prevent both the theft and damage of sensitive information and denial-of-service attacks, the resource limits must 
include access rights, maximum consumption (total CPU time), and maximum consumption per unit time. 

However, a common situation is that many agents will be sent out as anonymous agents. Also, a user can not 
remember or have so many passwords, usernames, or security information from so many service providers. 
Especially in an open network, people would like to spawn the network in an anonymous way. This is a conflict 
against the host security part. To overcome this problem, the authentication may have to be omitted, however, the 
resource limits then have to be very strongly addressed. 

In the Telscript system, each agent carries cryptographic credentials so that the system could verify the identity of 
the agent's owner, and each agent carries a set of permits that give it the right to use certain Telscript instructions 
and certain amounts of available resources. Agents that attempt to violate their permits are terminated immediately. 
So far, most mobile agem systems protect the machine in the same manner as Telscript [3]. Interestingly, Robert 
Gary [3] proposed the idea of electronic cash to D' Agent developed at Dartmouth College. According to this idea, 
each agent was assigned a specific amount of electronic cash. The agent has to pay in the form of electronic cash to 
execute its code to get information every time. This limits the amount of resource that an agent can fetch and the 
amount of time an agent can work inside a system. Similar ideas were proposed also for Tacoma [11], Ara [12] and 
Messagers [13] systems. 

The commonly used ver_ification methods inside mobile agent systems are RSA public-key cryptography. Like in 
D' Agent, each agent owner and host machine has a public-private key pair. The server can authenticate the owner if 
(1) the agent is digitally signed with the owner's public key or (2) the agent is digitally signed with the sending 
machine's key while the server trusts the sending machine. However, all these security is imple.mented inside a 
closed system. To an open system, how can we do that? 

-One solution is the "agent library." An agent library is the public safe guaranteed store where everybody can look 
for their purpose-fit mobile agents and claim their ownership. The hosts trust the library, and the library 
administration ensures the safety of their agents. Just like credit cards, or the smart card, people only deal with the 
library to rent, buy or download freely their wanted mobile agents. On the other hand, the hosts only deal with the 
agents from the library. 

Another int~resting idea is to use agents to protect the host. Malicious agents can attack hosts. But "agent guards" 
can help secure the host on the other hand. In an agent system, there could be one or several layers of agent guards 
that patrol the system. This benefit is multiple folds. First, agent guards can detect system broken or limit breaking, 
and immediately report that to the system administrator. Second, agent guards can work as repairmen sent to some 
devices to identify the reasons of failures. 

Protect the Mobile Agent 
The question asked here is: can a mobile agent defend itself against one or more hostile hosts or other malicious 
agents? For a malicious agent to attack another agent, generally this agent has to comprise the host where the other 
agent is visiting. So, this problem basically is the agent-attack-host problem. However, protecting an agent from a 
malicious machine is the most difficult security problem. The only solution so far is to guarantee that the hosts are 
trustworthy, something which is extremely unlikely in the near future. Other than that, there is no way to prevent a 
malicious machine from examining or modifying any part of the agents that visit it [3,9,14]. The host can trap the 
agents for a longer time, change the routine of the agent, modify the state of the agent, or make use of the agent for 
own purpose, or steal the information from the agent, or even kill the agent. However, there do have several partial 
technical solutions [3]. 

• Trusted machines: Many agents do not need protections at all, either because they . are performing some 
noncritical task, or because they operate entirely on trusted machines. 

• Partitioning: An agent can migrate through trusted machines only. Then it either interacts with untrusted 
resources from across the network using standard RPC, or send out child agents that contain no sensitive data 
and will not migrate again [3]. 
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• Components: Each agent can be divided into components. Components. can be added to the agent as it 
migrates, and each component can be encrypted and signed with different keys. The agent's static code and the 
variables whose values never change would make up one component, and would be signed with the owner's 

· key before the agent left the home machine. If a malicious machine modifies the code or variables, the digital 
signature becomes invalid and the next machine in the migration sequence will immediately detect the 
modification [3.14]. 

• Self-authentication: It is possible to construct an authentication routine that is part of the mobile agent and 
signed with the owner's key. This authentication routine will examine the state information of the agent for 
any obvious inconsistencies of variable values and control information. Such an authentication routine would 
also examine the current set of components. Each agent would execute the authentication routine just before it 
leaves the agent server and terminate itself (and notifying the home machine ) if the routine finds any 
inconsistencies. 

• Encrypted algorithms: Recent encrypting research work [ 15, 16] has put some bright light on the protection of 
mobile agents. This work involves encrypting a program and its inputs in such a way that: ( 1) the encrypted 
program is directly executable. (2) The encrypted program performs the same task as the original program. (3) 
The output from the encrypted program is also encrypted and can only be decrypted by the program encrypter. 
Although this work is in its infancy, it has great promise for mobile agent system. 

There are other ways to partially protect the mobile agents from malicious hosts, such like Tacoma's replication and 
voting, migration history, etc. However, none of these methods (including above discussed methods) can provide 
complete protection. In addition, many of the techniques involve substantial cryptographic and logging overhead, 
forcing an agent to trade performance for protection. So, unless the protection of mobile agents can be 
appropriately provided, it is hard to believe that mobile agent system will be deployed to such a big and open 
network as the Internet. 

Secure the Communications among Agents 
Agents need to exchange information or "help" each other. This kind of action usually happens at some host sites. 
Since the calling of each other's methods is transparent to the host machine, this action is even more vulnerable to 
attack from the malicious host. To overcome such problems, the e·xchange of information may only be allowed to 
happen at some trustworthy host sites. 

One more issue about protection of agent is the fault tolerance of a mobile agent. How can a mobile agent survive a 
crash down of the visiting host machine? Or how can a mobile agent detect that the host processor is a faulty one? 
The problem here is that a faulty processor can disrupt an agent's execution. Replication and voting was suggested 
to handle such a problem [3]. However, the drawback here is that multiple agents will be deployed to do the same 
job, and all those agents have to have the ability to handle different result formats. So, there is still a long way to go 
before a satisfactory solution is reached. But remember, we are never satisfied. 

CONCLUSION 
Mobile agent system has shown its great promise on distributing computing, mobile computing and weak-network 
computing. It looks like the future of Internet and other networks will be incorporated with mobile agents. We will 
enjoy the day when lots of "agents" walk inside the information highway. However, the critical part of the mobile 
agent system is its security. To protect the agents from malicious host is proved to be more difficult than to protect 
the host from malicious agents. Because of the security reasons, current system designers are in fact working their 
way away from openness. So far, all those mobile agent systems are closed system! [3,9,] So, to explore the power 
of mobile agents, the security quality has to be provided first. Whereas, as mentioned before, it seems unlikely that 
there will be a totally trustworthy network in the near future. What can we do? The only thing we can do it to keep 
working on it, technically, and socially because the security problem is more a social problem than a technical 
problem. 

Another true problem to the mobile agent system is about the profit of the Internet business. So far, there are many 
companies selling their goods on line, and they make a lot profit by advertisement. If people begin to do online 
shopping by sending out the mobile agents, the visual and audit effect of the advertisement will lose their attraction. 
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INTELLIGENT SOFTWARE AGENTS* 
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Software agents are a rapidly developing area of research. However, to many it is unclear what agents are and what 
they can (and maybe cannot) do. This paper will provide an overview of these, and many other agent-related 
theoretical and practical aspects. Besides that, a model is explained which will enhance and extend agents' abilities, 
but will also improve the way the Internet can be used to obtain _or offer information and services on it. 

INTRODUCTION 
Big changes are taking place in the area of information supply and demand. The first big change, which took place 
quite a while ago, is related to the form information is available in. In the past, paper was the most frequently used 
media for information, and it still is very popular right now. However, more · and more information is available 
through electronic media. Other aspects of information that have changed rapidly in the last few years are the 
amount that it is available in, the number of sources and the ease with which it can be obtained. Expectations are that 
these developments will carry on into the future. A third important change is related to the supply and demand of 
information. Until recently the market for information was driven by supply, and it was fuelled by a relatively small 
group of suppliers that were easily identifiable. At this moment this situation is changing into a market of a very 
large scale where it is becoming increasingly difficult to get a clear picture of all the suppliers. 

All these changes have an enormous impact on the information market. One of the most important changes is the 
shift from it being supply-driven to it becoming demand-driven. The number of suppliers has become so high (and 
this number will get even higher in the future) that the question "who is supplying the information?" has become 
less important. 

Meeting information demand has become easier on one hand, but has also become more complicated and difficult 
on the other. Because of the emergence of information sources such as the worldwide computer network i.e. the 
Internet (the source of information this paper will focus on primarily) everyone - in principle - can have access to a 
sheer inexhaustible pool of information. The sheer endlessness of the information available through the Internet, 
which at first glance looks like its major strength~ is at the same time one of its major weaknesses. 

The amounts of information that are at your disposal are too vast. Information that is being sought is (probably) 
available somewhere, but often only parts of it can be retrieved, or sometimes nothing can be found at all. To put it 
more figuratively: the number of needles that can be found has increased, but so has the size of the haystack they ~re 
hidden in. The inquirers for information are being confronted with information overkill. 

The current, conventional search methods do not seem to be able to tackle these problems. These methods are based 
on the principle that it is known which information is available (and which one is not) and where exactly it can be 
found. To make this possible, large information systems such as databases are supplied with (large) indexes to 
provide the user with this information. With the aid of such an index one can, at all times, look up whether certain 
information can or cannot be found in the database, and - if available - where it can be found. 

There are several ways to deal with the problems that have just been described. Most of the current solutions are of a 
strong ad hoc nature. By means of programs that roam the Internet (with flashy names like spider, worm or 
searchbot) meta-information is being gathered about everything that is available on it. The gathered information, 
characterized by a number of keywords (references) and perhaps some supplementary information, is then put into a 
large database. Anyone who is searching for some kind of information on the Internet can then try to localize 
relevant information by giving one or more query terms (keywords) to such a search engine. 

• This work was partially supported by a grant from Lucas Faculty Excellence Endowment 
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Although search engines are a· valuable service at this moment, they also have several disadvantages (which wiU 
become even more apparent in the future). A totally different solution for the problem is the use of so-called 
Intelligent Software Agents. An agent is (usually) a software program that supports a user with the .accomplishment 
of some task or activity. Using agents when looking for information has certain advantages compared to current 
methods, such as using a ·search engine. 

Some of the features that Search Engines have, and improvement(s) Intelligent Software Agents can offer are 
discussed below. 
1. An information search is done, based on one or more keywords given by a user. This presllPposes that the user is 
capable of formulating the right set of keywords to retrieve the wanted information. Querying with the wrong, too 
many, or too little keywords will cause many Irrelevant information ('noise') to be retrieved or will not retrieve 
relevant information as it does not contain these exact keywords. Agents are capable of searching information more 
intelligently, for instance because tools (such as a thesaurus) enable them to search on related terms as well or even 
on concepts. Agents will also use these tools to fine- tune, or even correct user queries ( on the basis of a user model, 
or other user information). 
2. Information mapping is done by gathering (meta-) information about information and documents that are 
available on the Internet. This is a very time-consuming method that causes a lot of data traffic, it lacks effic'iency 
(there are a lot of parties that use this method of gathering information, but they usually do not co-operate with 
others which means that they are inventing the wheel many times), and it does not account very well for the dynamic 
nature of the Internet and the information that can be found on it. Individual user agents can create their own 
knowledge base about available information sources on the Internet, which is updated and expanded after every 
search. When information (i.e. documents) have moved to another location, agents will be able to find them, and 
update their knowledge base accordingly. Furthermore, in the future agents will be able to communicate and co
operate with other agents (such as middle layer agents). This will enable them to perform tasks, such as information 
searches, quicker and more efficient, reducing network traffic. They will also be able to perform tas~s ( e.g. searches) 
directly at the source/service, leading to a further decrease of network traffic. 
3. Search engines cannot always be reached: the server that a service resides on may be 'down', or it may be too busy 
on the Internet to get a connection. Regular users of the service will then have to switch to some other search engine, 

-which probably requires a different way to be operated and may offer different services. As a user agent resides on 
a user's computer, it is always available to the user. An agent can perform one or more tasks day and night, 
sometimes even in parallel. As looking for information on the Internet is such a time-consuming activity, having an 
agent do this job has many advantages, one of them being that an agent does not mind doing it continuously. A 
further advantage of agents is that they can detect and avoid peak-hours on the Internet. 
4. Search engines are domain-independent in the way they treat gathered information and in the way they enable 
users to search in it. Terms in gathered documents are lifted out of their context, and are stored as a mere list of 
individual keywords. A term like "information broker" is most likely stored as the two separate terms "information" 
and "broker" in the meta-information of the document that contains them. Someone searching for documents about 
an "information broker" will therefore also get documents where the words "information" and "broker" are used, but 
only as separate terms. Software agents will be able to search information based on contexts. They will deduce this 
context from user information or by using other services, such as a thesaurus service. 
5. The information on Internet is very dynamic: quite often search engines refer to information that has moved to 
another, unknown location, or has disappeared. Search engines do not learn from these search~ and they do not 
adjust the~selves to their users. Moreover, a user cannot receive information updates upon one or more topics i.e. 
perform certain searches automatically at regular intervals. Searching information this way, becomes a very time
consuming activity. User agents can adjust themselves to the preferences and wishes of individual users. Ideally this 
will lead to agents that will more and more adjust themselves to what a user wants and wishes, and what he or she is 
looking for, by learning from performed tasks (i.e. searches) and the way users react to the results of them. 
Furthermore, agents are able to continU;ously scan the Internet for (newly available) information about topics a user 
,is interested in. 

Three layer Model 
Currently, when someone is looking for certain information on the Internet, there are many possible ways to do that. 
One of the possibilities that we have seen earlier, are search engines. The problem with these is that: They require ~ 
user to know how to best operate every individual search engine. A user should know exactly what information he is 
looking for. The user should be capable of expressing his information need clearly (with the right keywords). 
However, many users do neither know exactly what they are looking for, nor do they have a clear picture of which 
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infonnation can and which cannot be found on the Internet, nor ·do they know what the best ways are-to find and 
retrieve it. 

· Several researchers have addressed this problem. One of the most promising proposals is a model where activities 
on the Internet are split up into three layers: one layer per activity. The main idea of this three-layer model is to 
divide the structure of the Internet into three layers or concepts. Per individual layer the focus is on one specific part 
of the activity which is supported by matching types of software agents. These agents will relieve us of many 
tedious, administrative tasks, which in many cases can be taken over very well, or even better, by a computer 
program (i.e. software agents). What's more, the agents will enable a human user to perform complex tasks better 
and faster. 

The Three Layers: 
1. Users: · The demand side ( of information), i.e. the infonnation searcher or user; here, agents' tasks are to find out 
exactly what users are looking for, what they want, if they have any preferences with regard to the infonnation 
needed,. etc. 
2. Suppliers: The supply side ( of information), i.e. the individual information sources and suppliers; here, an agent's 
tasks are to make an exact inventory of (the kinds of) services and information that are being offered by its supplier, 
to keep track of newly added information, etc; -
3. Intermediaries: Intermediaries; here agents mediate between agents (of the other two layers), i.e. act as 
(infonnation) intermediaries between (human or electronic) users and suppliers. 

Overview of the Three Layer Model: 
Supply of Unified Info. Or 

Services 

ers lnte media ies . 

Singled need for info. Or 
Service 

Supplies 

Service or Info. Requests 
{queries) 

When constructing agents for use in this model, is it absolutely necessary to do this according to generally agreed 
· upon standards: it is unfeasible to make the model account for any possible type of agent. Therefore, all agents 
should respond & react in the same way (regardless of their internal structure) by using some standardized set of 
codes. To make this possible, the standards should be flexible enough to provide for the construction of agents· for 
tasks that are unforeseen at present time. 

The Main Functions of The Middle Layer 
1. Dynamically matching user demand and provider's supply in the best possible way. Suppliers and users (i.e. their 

agents) can continuously issue and retract information needs and capabilities. Information does not become stale and 
the flow of infonnation is flexible and dynamic. This is particularly useful in situations where sources and 
infonnation change rapidly, such as in areas like commerce, product development and crisis management. 
2. Unifying and possibly processing suppliers' responses to queries to produce an appropriate result. The content of 
user requests and supplier 'advertisements' may not align perfectly. So, satisfying a user's request may involve 
aggregating, joining or abstracting the infonnation to produce an appropriate result. However, it should be noted that 
normally intermediary agents should not be processing queries, unless this is explicitly requested in a query. 
Processing could also take place when the result of a query consists of a large number of items. Sending all these 
items over the network to a user (agent), would lead to undesirable waste of bandwidth, as it is very unlikely that a 
user (agent) ~ould want to receive that many items. The intermediary agent might then ask the user (agent) to make 
refinements or add some constraints to the initial query. 
3. Current Awareness, i.e. actively notify users of information changes. Users will be able to request (agents in) the 
middle layer to notify them regularir, or maybe even instantly, when new information about certain topics has 
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become available or when a supplier has sent an advertisement stating he offers irifonnation or services matching 
certain keywords or topics. There is quite some controversy about the question whether or not a supplier should be 
able to receive a similar service as well, i.e. that suppliers could request to be notified when users have stated 
queries, or have asked to receive notifications, which match infonnation or services that are provided by this 
particular supplier. Although there may be users who find this convenient, as they can get in touch with suppliers 
who can offer the information they are looking for, there are many other users which would not be-very pleased with 
this invasion on their privacy. Therefore, a lot of thought should be given to this dilemma and a lot of things will 
need to be settled, before such a service should be offered to suppliers as well. 
4. Bring users and suppliers together. This activity is more or less an extension of the first fynction. It means that a 

user may ask an intermediary agent to recommend/name a supplier that is likely to satisfy some request without 
giving a specific query. The actual queries then take place directly between the supplier and the user. Or a user _ 
might ask an intermediary agent to forward a request to a capable supplier with the stipulation that subsequent 
replies are to be sent directly to the user himself. 

The Three Layer Model Has Maior Plus Points: 
1. Each of the three layers only has to be concerned with doing what it is best at. Parties (i.e. members of one of he 
layers) do no longer have to act as some kind of "jack-of-all-trades". · 
2. The model itself (but the same goes for the agents that are used in it) does not enforce a specific type of 
software or hardware. The only thing that has to be complied is the standards that were mentioned earlier. This 
means that everybody is free to chose whatever underlying technique they want to use (such as the programming 
language) to create an agent: as long as it responds and behaves according to the specifications laid down in the 
standards, everything is okay. A first step in this direction has been made with the development of agent 
communication and programming languages such as KQML and Telescript. Yet, a lot of work has to be done in this 
area as most of the current agent systems do not yet comply to the latter demand: if you want to bring them into 
action at some Internet service, this service needs to have specific software running that is able to ~ommunicate and 
interact with that specific type of agent. And because many of the current agent systems are not compatible with 
other systems, this would lead to a situation where an Internet service would have to possess software for every 
possible type of agent that may be using the service: a most undesirable situation. 
3. By using this model the need for users disappears to learn the way in which the individual Internet services 
have to be operated.The Internet and all of its services will 'disappear' and become one cohesive whole. 
4. It is easy to create new infonnation structures or to modify existing ones without endangering the open 
flexible) nature of the whole system. The ways in which agents can be combined become seemingly endless. 
5.To implement the three-layer model no interim period is needed to do so, nor does the fact that it needs to be 

backward-compatible with the current (two layer) structure of the Internet have any negative influences on it. 
People (hoth users and suppliers) who chose not to use the newly added intermediary or middle layer are free to do 
so. However, they will soon discover that using the middle layer in many cases leads to quicker and better results in 
less time and with less effort. 

The "only" current deficiency of this model is the lack of generally agreed upon standards, such as one for the used 
agent communication language. Such standards are a major issue for the three layer model, as they ensure that 
(agents in) the individual layers can easily interface with (agents in) the other ones. Organizations such as the 
Internet Engineering Task Force (IETF) and its work groups have been, and still are, addressingJhis issue. 

Conclusion 
The current two-layer structure of the Internet (one layer for the demand side/users, and one layer for the supply 
side/suppliers) is getting more and more dissatisfactory. For tasks, such as an information search, tools like search 
engines have been created to c_ircumvent many of the problems (and inefficiencies) that arise from this structure. 
However, search engines will only do as a short-term compromise. In the medium and long term, they will become 
increasingly insufficient and incapable _to deal with future user and supplier needs and demands. 

A very promising solution for the whole situation is to add a third, intermediary layer to the structure of the Internet. 
This will enhance and improve t_he functionality of the Internet in many ways. Per layer, agent's can be employed 
that can offer just the functionality that each layer needs. The main task of the middle layer is to make sure ,that 
agents and persons from different layers can communicate and co-operate without any problems. 
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It is not clear at this moment how many parties will be offering these services, and who exactly those parties will be. 
It may be expected that there will be quite a lot of parties (such as publishers and commercial information brokers) 
that will want to offer these services. (Internet) Users will not think too deeply about these two questions they will 
want a service that delivers the best and quickest results, against the lowest possible costs. The one that is best at 
matching these needs, will be the one they use. 

The three layer model is a very powerful and versatile application for the agent-technique; although individual 
agents can offer many things, they can offer and do so much more when employed/combined in this way. However, 
before we can really use the model, quite some things will need to be settled, decided and developed: a number of 
standards, a solid (universal) agent communication language etc. 
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INTRODUCTION 

Commercial air transportation in the United States is experiencing significant growth .. The F~deral Aviation 
Administration (FAA) estimates that approximately 600 million passengers embark annually in the US and forecasts 
that the number will reach 800 million per year in 2000 and surpass a billion by 2010 (FAA Plan, 1989). The year · 
2010 also anticipates aircraft operations at towered airports to increase 55%, instrument operations in terminal areas 
to increase 62%, aircraft operator hours to increase 73%, aircraft operator fleet sizes to increase 62%, and commuter 
fleet sizes to increase 7~% (FAA Plan, 1989). These projected increases in aviation highlight a need for establishing 
new safety standards. 

New safety standards should be designed in a way that Aviation Safety Inspectors (ASis) can recognize an aircraft 
operator that poses a greater risk to safety and that requires a heightened level of surveillance. Using alert indicators 
to establish standards, the ASis through expert panels have defined upper and lower ·control limits for safety metrics 
to be used to monitor aircraft operators for adverse trends. Efficient inspection activities will facilitate timely 
aircraft maintenance and minimize the cost of aircraft unavailability. 

An aircraft "accident" is defined as an occurrence associated with the operation of an aircraft that results jn death 
and serious injury and causes substantial damage to the aircraft. An "incident" is defined as an event, other than an 
accident, associated with the operation of an aircraft that affects or could affect the safety of operations. For 
example, near midair collisions, minor damage to an aircraft, and emergency evacuations are classified as 
"incidents". The term "occurrence" does not have a strict definition, but is used to represent an event category that 
is neither an accident nor an incident. As an example, an occurrence could be an anomalous reading on a gauge that 
led to the plane taxiing back from the runway. If the maintenance crew could not reproduce the anomalous reading, 
then this event would most likely be classified as an "occurrence". Although there are guidelines offered to FAA 
Aviation Safety Inspectors in conducting their investigations, in some cases, the classification of an event as an 
accident, incident, or occurrence is subject to judgment and experience. 

The Event Rate is an aviation safety metric that records the number of occurrences, incidents, and accidents ( or 
"mishaps") associated with the operations of an aircraft. This value is the total number of these events for a one
month period divided by some measure of activity to account for the risk exposure ( e.g. number of flight hours, fleet 
size, number of passengers, etc.). This paper presents a methodological comparison of two alternative techniques 
for forecasting the Event Rate for an aircraft operator. 

METHODOLOGY 

Two methods were ·used in this study. These were: 

1) Artificial Neural Networks. 
2) Multiple Re~ression Analysis. 

Neural Networks 

Neural Network (NN) technology mimics the human brain's own problem solving processes. Similar to the way a 
human brain applies knowledge gained from past experience to new problems or situations,. a neural network takes 
previously solved examples to build a system of "neurons" that makes new decisions, classifications and forecas~~-

N eural Networks search for patterns in training sets of data, learn these patterns, and possess the ability to correctly 
classify new patterns or to forecast. Neural Networks excel at problem diagnosis, decision making, prediction and 
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other classification problems where pattern recognition is important and precise computational answers are not 
required (Simpson, 1990). 

There are two basic types of Neural Networks: supervised and unsupervised networks. Supervised networks build 
models, which classify patterns or make predictions according to their patterns of inputs and outputs they have 
"learned". These network types give the most reasonable answer based upon the variety of learned patterns. In a 
supervised network, the network is shown how to make predictions, classifications or decisions by giving it a large 
number of correct classifications or predictions from which it can learn. Backpropagation, General Regression 
Neural Networks, and Probabilistic Neural Networks are supervised network types (Russel and Norvig, 1995). 

Unsupervised networks can classify a set of training patterns into a specified number of categories without being 
shown in advance how to categorize. Jhe network does this by clustering the patterns. Neither type of network is 
guaranteed· to always give an absolutely "correct" answer, especially if patterns are incomplete or conflicting. 
Results should be evaluated in terms of the percentage of correct answers that result from the model (Russel and 
Norvig, 1995). 

The basic building block of neural network technology is the artificial neuron. Independent neurons are not useful, 
unless they are interconnected in a network of neurons. The network processes a number of inputs from the outside 
world to produce an output (i.e., the network's predictions or classifications). The neurons are connected by weights 
that are applied to values from one neuron to next. 

A group of neurons is called a slab. Neurons are also grouped into layers by their connection to the outside world. 
For example, if the neuron receives data from outside of the network, it is considered to be in the input layer. If a 
neuron contains the network's· predictions or classifications, it is in the output layer. Neurons in between the output 
and input layers are in the hidden layer(s). A layer may contain one or more slabs of neurons. 

A typical neural network is a backpropagation network, which usually has three layers of neurons. Input values in 
the first layer are weighted and passed to the second (hidden) layer. Neurons in the hidden layer "fire" or produce 
outputs that are based upon the sum of weighted values passed to them. The hidden layer passes values to the output 
layer in the same fashion, and the output layer produces the desired results. 

The network "learns" by adjusting the interconnection weights between the layers. The answers that the network 
produces are repeatedly compared with the correct answers, and each time the connecting weights are adjusted 
slightly in the direction of the correct answers. 

Eventually, if the problem can be learned, a stable set of weights adaptively evolves. This learned network will 
produce good answers for the entire sample of "training" data. The real power of neural networks is evident when 
the network is able to produce good results for data which the network never has "seen" before (i.e., "production'~ 
data). 

One of the fundamental issues to building successful neural networks is deciding when to stop training. If there is 
premature cutoff of training, the network will not learn the patterns. If there is too much training, then the network 
will learn the noise or memorize the training patterns and not generalize well with new patterns. Fortunately, 
NeuroShell 2 (1993), the software used in this study, contains a calibration technique that prevents overtraining the 
network. 

Multiple Regression {MR) 

Multiple Regression (MR) is a general statistical technique used to analyze the relationship between a single 
dependent variable and several independent variables. 

The objective of MR is to use the independent variables whose values are known to predict the unknown single 
dependent value. The result is a "variate", a linear combination of the independent variables that best predicts the 
dependent variables. The variables are weighted in the process, the weights denoting their relative contribution to 
the overall prediction. Regression analysis also facilitates interpretation as to the influence of each factor in making 
the prediction. 
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In using MR,·a decision has to be made regarding the number of independent (i.e., predictor) variables to be 
included in the equation. In making this decision, it is assumed that each additional predictor variable gives more 
information and therefore a better prediction about the criterion variable. Otherwise, the variable would not be 
included in the analysis. 

When the problem involves a single dependent and a single independent variable, the statistical technique is referred 
to as a simple regression. When the problem involves a single dependent variable with two or more independent 
variables, it is referred to as multiple regression analysis. 

The multiple regression model is given by assuming that the dependent variable Y is a linear function of a series of 
independent variables X1, X2, •• ,,Xk and an error term. The general equation is: · 

where Y is the dependent variable, the X's are the independent variables, and e is the error term. X2i represents, for 
example, the ith observation on explanatory variable X2• B 1 is the constant term, or intercept of the equation. · 

The assumptions of the Multiple Regression (MR) Model are: 

I) The model specification is given by the above equation. 
2) The X's are non-stochastic. In addition, no exact linear relationship exists between two or more of the 

independent variables. 
3) a) The error term has zero expected value and a constant variance for all observations. 

b) Errors corresponding to different observations are independent and therefore uncorrelated. 
c) The error variable is normally distributed. · 

One measure of goodness of fit in the multiple regression model is R2
, the coefficient of multiple determination, that 

considers the decomposition of the variation in the dependent variable Y. R2 measures the proportion of the 
variation in Y that is "explained" by the multiple regression equation. R2 is often informally used as a goodness of 
fit statistic and to compare the validity of regression results under alternative combinations of the independent 
variables in the model. 

There are several problems with solely using the R2 value to evaluate MR model adequacy. First, all the statistical 
results follow from the initial assumption that the model as specified with its combination of independent variables 
is correct. · Second, R2 is sensitive to the number of independent variables included in the regression model. The 
addition of more independent variables to the regression equation can never lower the R2 value and is likely to raise 
it. Thus, one could simply add more variables to an equation if one wished only to ma~imize the R2 value. The 
difficulty with R2 as a measure of goodness of fit is that R2 pertains to explained and unexplained variations in Y 
and does not account for the number of degrees of freedom. Therefore, in this study, the R2 value was balanced with 
the Mean Squared Error (MSE), a standard measure of prediction accuracy, on the "production" data set (i.e., 
"unfit" data) to select the "best" forecasting model. SPSS was used in this study to build and evaluate MR models 
for Event Rate forecasting. ~ 

Data Set 

In this study, four years of monthly airworthiness (i.e., maintenance) and operations surveillance data were available 
from the FAA's Program Tracking and Reporting System (PTRS) for an aircraft operator. In addition, four years of 
corresponding monthly financial data were matched with the surveillance data. The monthly financial data included 

' the high, average and low stock prices for the airline. The Event Rate data (i.e., the number of accidents, incidents 
and occurrences) came from the FAA's Accident Incident Data System (AIDS). · 

The variables used in the NN and MR models were: 

Equity - High, Average and Low stock prices. 
Maintenance - # of unfavorable surveillances, total # of surveillances, % unfavorable. 
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Operations - # of unfavorable surveillances, total # of surveillances, % unfavorable. 
Output - Aircraft Operator Event Rate. 
Fleet Size 
Total events 
Predicted - Accidents, Incidents, Occurrences 

A number of variable transformations was used in this study. Lagging the data by one and two time periods was 
used to increase the number of variables so as to have sufficient variables to correlate and forecast (e.g., Low Equity 
(t-1), Low Equity (t-2), Average Equity (t-1), Average Equity (t-2), etc.). Some of the variables were modified by 
dividing by fleet size (e.g. , % unfavorable surveillances/fleet size, Event Rate/fleet size, Event Rate (t-1)/fleet size, 
etc.). 

The distribution of variables used in this study was as follows: 

Maintenance related variables = 12 
Operations related variables = 12 
Equity related variables = 9 
Fleet Size related = 3 
Other output and total event variables = 11 

MODELING RESULTS 

For the MR analysis, the statistical software SPSS was used to design and evaluate the models. Multiple linear 
regression models were built with the Event Rate as the dependent variable for time period "t+ 1" (i .e., one month 
ahead). Models were built using the forward stepwise regression method to select from among 45 possible 
explanatory variables. The MR results were poor, with the two best models having R2 values of 0.363 and 0.194 and 
MSE values of0.3116 and 0.3598 on the "training" data. 

For the NN models, 3-layer and 4-layer Backpropagation Neural Networks were used with 45 input variables along 
with varying learning parameters. As noted earlier, the NeuroShell 2 software has a "calibration" feature to prevent 
overfitting of the data. This calibration feature requires the extraction of a percentage of data from the "training" 
data to form a "test set". In thi~ study, sensitivity analysis was performed on test set extraction in the range of 15% 
to 25% of the "training" data. Extraction of the "production" set of unfit data varied from 15% to 20% of the total 
data set. 

During NN training, random pattern selection was used. Training was ,stopped when the error on the training set did 
not go below 0.002 or when the events reached 20,000, whichever happened first. Typical network training times 
were in the range of 10-15 minutes. For the Probabilistic Neural Network, a smoothing factor of 0.3 was used. 
For the Backproragation Neural Networks, sensitivity analysis was performed on the various input values in the 
slab, su9h as the number of neurons, the scale function, the learning rate, the momentum, the initial weight, etc. For 
the NN models in Table 1, both the learning rate and momentum were set at 0.1. 

Two of the best 3- and 4-layer Backpropagation Neural Network models for the Event Rate in time period "t+ 1 "(i.e., 
one month ahead) are provided in Table ·1. 

Table 1. Neural Network Results 

Method Ri MSE Ri MSE 

45 Input Training Set Training Set Production Set Production Set 
Variables 
3- Layer 0.9778 0.003 0.9273 0.016 
BPNN 
4- Layer 0.9057 0.013 0.8713 0.019 
BPNN 
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CONCLUSIONS 

For the aircraft operator in this study, the preliminary conclusion is that the Multiple Regression (MR) models for 
Event Rate forecasting were poor. This was not unexpected since multiple linear regression was used. The Neural 
Networks (NN) models performed quite well, and the BPNN models did capture the nonlinear patterns in the data 
with relatively high R2 and low MSE values with the best performance coming from the 3-la,Y,_er BPNN. Future 
research will evaluate the use of nonlinear regression methods. From the BPNN models, it appears that the use of 
airworthiness, operations, and financial variables along with their transformations was quite effective in developing 
good forecasting models. Research will continue to assess the performance of both MR and NN forecasting 
techniques for trending of the Event Rate for other aircraft operators to determine if generalized recommendations 
regarding the choice of forecasting methodology may be established for different types/sizes of airlines. 
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Abstract 
Multispectral image bands are often highly correlated, meaning they are visually and numerically similar. The 
correlation between spectral bands is due to a combination of factors: Material Spectral Correlation, This correlated 
component can be caused by the rel~tively low reflectance of vegetation across the visible spectrum that yields a 
similar signature in all visible spectral bands. Topography, For all practical purposes, topographic shading is the 
same in all solar reflectance bands and can even be the dominant image component in mountainous areas and at low 
sun angles. It therefore, leads to a band-to-band correlation in the solar reflective region, which is independent of 
surface material type. Sensor Band Overlap, Ideally, this factor is minimized .in the sensor design stage, but can 
seldom be avoided completely. Typically, t_he amount of overlap is small, but is important for precise calibrations. 
Analysis of all of the original spectral bands is inefficient because of this redundancy. This paper introduces an 
algorithm that efficiently computes the Principal Component Transformation (PCT). 

Introduction 
Image processing and classification algorithms may be categorized according to the space in which they operate. 
The multi spectral image space is DN(x,y), where the spatial information is implicit. Spectral transformations alter . 
the spectral space. Many of these transformed spaces are useful for thematic classification, and are collectively 
called feature spaces in that context. These derived spaces do not represent the addition of any new information to 
the image, but rather a redistribution of the original information. Into a more useful form. The true motivation here 
is to find a new coordinate system that may have advantages over the original spectral bands. 

Principal Components 
Multispectral image bands are often highly correlated, meaning they are visually and numerically similar. The 
correlation between spectral bands is due to a combination of factors: 

• · Material Spectral Correlation. This correlated component can be caused by the relatively low reflectance 
of vegetation across the visible spectrum that yields a similar signature in all visible spectral bands. 

• Topography. For all practical purposes, topographic shading is the same in all solar reflectance bands and 
can even be the dominant image component in mountainous areas and at low sun angles. It therefore, leads 
to a band-to-band correlation in the solar reflective region, which is independent of surface material type. 

• Sensor Band Overlap. Ideally, this factor is minimized in the sensor design stage, but can seldom be 
avoided completely. Typically, the amount of overlap is small, but is important for precise calibrations. · 

Analysis of all of the original spectral bands is inefficient because of this redundancy. This paper introduces an 
algorithm that efficiently computes the Principal Component Transformation (PCT). The PCT is a feature space 
transformation designed to remove spectral redundancies. It is a linear transformation that involves an image 
specific matrix: 

PC= Wpc * DN Equation 1 

Here PC represents the resultant principal component matrix, Wpc is the transformation matrix, and DN is the digital 
representation of the original image. This transformation alters the covariance matrix as follows: 
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Equation2 

And the PCT is optimum in the sense that, of all possible transformations, we choose the particular Wpc that 
diagonalizes the covariance matrix of the original multispectral image, so that: 

0 

Equation 3 

0 
The K eigenvalues Ak are · uu a;:, u1"' n . 1 uuL;:, f the characteristic equation: 

lc-Ail=o Equation 4_ 

Where C is the original data covariance matrix and / is the identity matrix. Each eigenvalue is equal to the variance 
of the respective PC image along the new coordinate axes, and the sum of all the eigenvalues must equal the sum of 
all the band variances of the original image, thus preserving the total variance in the data. Since Cpc is diagonal, the 
principal component images are uncorrelated and, by convention, are ordered by decreasing variance, such that PC1 
has the largest variance and PCk has the lowest. The result is removal of any correlation present in the original K
dimensional data, with a simultaneous compression of most of the total image variance into fewer dimensions. 

The PC coordinate axes are defined by the K eigenvectors, ek, obtained from the vector-matrix equation. for each 

eigenvalue Ak : 

( C - Aki) ek = 0 Equation 5 

And form the rows of the transformation matrix Wpc, 

e\ 
Equation 6 

e\ 

Where eij is the /h element of the /h eigenvector. The eigenvector components are th~ direction cosines of the new 
axes relative to the original axes. This completes the eigenanalysis, and the transformation of Equation 1 is applied; 
the eigenvector component, eij, becomes the weight on band j of the original multispectral image in the calculation 
for the principai component i. 

There are several interesting properties of the PCT: 
• It is a rigid rotation in K-D of the original coordinate axes to coincide with the major axes of the data. The 

data in the PC images result from projecting the original data onto the new axes. It is possible for the PC 
component images to have negative DN's. This is not a problem however, because the origin of the PC 
space can be arbitrarily shifted to make all PC values positive. This is usally done for display purposes, 
with no other changes being effected in the PCT properties. 

• Although the PC axes are orthogonal to each other in K-D, they are generally not orthogonal when 
projected to the original multispectral space. The depiction in Figure 1 is for a 2-D PCT; these orthogonal 
PC axes do not align with the projection of a higher dimensional transformation as shown in Figure 2: This 
property is a disadvantage, and makes it difficult to interpret the eigenvectors of a high dimensional PCT in 
terms of 2-D scattergrams. · 

• It optimally redistributes the total image variance in the transformed data. The first PC image contains th~ 
maximum possible variance for any linear combination of the original bands, the second PC image contains 
the maximum possible variance for any axis orthogonal to the first PC, and so forth. The total image 
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variance is preserved by the PCT. This property, illustrated in Figure 3, is why principal components are 
important as a data compression tool. If the low variance information in the higher order components can 
be ignored, significant savings in data storage, transmission, and processing can result. Also, any 
uncorrelated noise in the original image will usually appear only in the higher order components, and can 
therefore be removed by setting those PC images to a constant value. Caution is advised, however, because 
small, but significant band differences may also appear only in the higher-order components. 

Figure 1 

DN, 

Figure 2 
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The .PCT has several advantages. The main one is total image variance is preserved. Image variance is the most 
important component used for feature recognition. Another is image features can be represented with only a subset 
of the original image principal components. This representation allows for incredible data compression without 
losing important artifacts of the image data. Equally important, this data compression is statistically calculated. This 
means that certain detailing features of the original image can be isolated without losing any of their defining 
characteristics. Also, another advantage is a significant savings in processing time. Finally, the original image can at 
any time be completely reconstructed by re-assembling the computed principal components. 
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ABSTRACT 

The introduction of technology into the mathematics curriculum is creating a stir at all levels from kindergarten to 
graduate school. The undergraduate curriculum is the place for a strong statement on the use of technology in 
mathematics. There is a debate on whether technology should be used, and, whether computers, a calculator, or a 
computer algebra system is the best choice. When teaching with technology, how 'is the course different, and does 
this difference enhance students understanding of the fundamental mathematics in the curriculum? 

INTRODUCTION 

Advances in technology of hardware and software are increasing exponentially. This new technology can instantly 
perform processes and calculations in mathematics that if done by hand may require several minutes, hours or even 
days. The effects of this technology on the teaching and learning of mathematics are certain. Technology as a tool to 
quickly process tedious and non-pedagogical calculations is accepted by most of the mathematical community. 
However, many questions remain in the minds of college teachers of mathematics. 

• If technology will do many processes quicker and easier, what is it that a student needs to know? 
• More importantly, if this technology is at the fingertips, what mathematics should mathematics teachers 

teach, and how do they teach it with the technology in the hands of every student? 
• Specifically, if technology is available, can we focus on the patterns-of-change that typify most of the 

behavior of physical phenomena that we encounter? 
• Lastly, is the graphing calculator or computer algebra system (CAS) in hand-held technology preferable to 

the laptop or larger computer with the appropriate software? 

GOALS BEFORE TECHNOLOGY 

In 1993 the Mathematics Department at Northwestern State University made the dec_ision that technology was 
appropriate in teaching mathematics. We experimented with calculators and computer software packages. The 
advent of the hand-held CAS with its portability, low cost, and ease of use reduced the use of computer software to 
special topics in some courses. Soon we were requiring all students taking credit mathematics courses to have 
graphing-calculators, or, in the case of mathematics and science majors, a hand-held CAS. 

It was soon obvious that we cannot teach what we use to teach, or, if we do, we do not need to perform again and 
again mechanical and repetitive techniques once the student's ability is assured. Also, the question of what topics 
can be removed completely or moved to another level of the curriculum arose. We need to decide when is it 
important to teach a process that can be easily done by the technology. 

We began to look carefully at the things we spent time on in class that could be removed or reduced in the presence 
of the technology. Before the technology we were focusing on algorithms, manipulations, the middle of the problem, 
few, if any, connections, and very little work on the application of mathematics to physical situations. In algebra, we 
previously focused on solving linear and quadratic equations. In the calculus we spent an excessive amount of 
teaching time on derivative rules and techniques of integration. The conceptual understanding and application of the 
mathematics took a back seat to the argument that; "they cannot learn those things until they can perform these rote 
algorithms." In many ways this old view was an advantageous position for a mathematics department, because it 
was safe and held back the need to be creative in topics and pedagogy. 
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GOALS IN THE PRESENCE OF TECHNOLOGY 

The primary goal of teaching mathematics in the presence of technology is to give the student a different view of 
mathematics and its applications. Viewing mathematics from the algorithmic level is a micro-view ~hat focuses on 
the small steps in the algorithmic process. Each of the following, making connections, understanding the underlying 
concepts, and applying those to physical situations is difficult from that view. The technology permits a step back 
from the mechanical algorithm to a larger view of the concepts and their connections to other mathematics and the 
relation to problem solving in significant physical situations. The goals in pre-calculus and caI_culus in the presence 
of technology include the following: 

• Develop conceptual understandings of important topics. 
• See mathematics as representing change in physical phenomena. 
• View multiple representations of problem situations. 
• Collect and analyze real-time data. 
• Focus on me~ningful, relevant problem situations. 
• Identify (twelv~)patterns of change in meaningful relevant situations. 
• Make connections among mathematical conceptual big ideas. 

IF TECHNOLOGY WILL DO MANY PROCESSES QUICKER AND EASIER, WHAT IS 
IT THAT A STUDENT NEEDS TO BE ABLE ro DO WITH PAPER-AND-PENCIL? 

Historically, the algebra portion of a pre-calculus course focused an inordinate amount of time on the repeated 
algorithmic manipulations of algebraic symbols and the solving of quadratic equations using factoring, completing 
the square, and the quadratic formula. We still expect students to be able to do most of these paper-and-pencil 
computations and manipulations, but the key word here is repeated. Once the technique is learned, not much is 
gained by the repetition of a long, algorithmic approach when the calculator will perform the operation in 
milliseconds. For example, there are only a small number of quadratics equations that are factorable over the rational 

- numbers, and yet students spent a lot of time learning to factor these 
quadratics. 

Consider the quadratic equations (a) 2x 2 +5x-12 = 0, (b) 2x 2 + 5x- 6 = 0, 

and(c) 2x 2 + 5x + 6 = O. The first, (a), is factorable and the second, (b), and 
third, (c), are solvable by the quadratic formula. The (CAS) calculator yields 
the result a·s indicated on the first screen on the right. In the last equation, ( c ), 
the calculator indicatedfa/se meaning there was not a real solution, but by 
changing solve to csolve, the calculator will solve the equation over the 
complex numbers as indicated in the next screen. The algebra feature of the 
CAS will perform most of the calculations that were historically considered the 
essentials of the algebra portion of a pre-calculus course. 

':
1
~TA1;!bralc~ic.fo{i;;r1Pr~MIOlc1e~,; UpJ 

~ 

• solve(2 •x 2 + 5 ·x- 12 = 0, x) 
x "' 3/2 or x = ·4 

• solve(2 ·x2 + S·x-6 • 0, x) 

X = -(~ + 5) or X = ./734- 5 

• solve(2 •x2 + 5 ·x + 6 = 0, x) false 
,,,.,. •liiiiiiiil•~] 
MAIN UOAUTU ruNC3ono 

rr.;~JA1;!bralc~ic.lo{i;;rTPr~MIObe~,; Upl 
• solvel2 ·x" + S ·x-6 = 0, x) 

x• -(~+5) or x=m4-5 

• solve(2 •x 2 + S ·x + 6 • 0, x) false 
• c.Solve(2 •x 2 + S ·x + 6 s 0, x) 

x • • S/4 + T · i or x • · S/4 - ~ · i . ..... ,~ 
MAIN UOAUTD ruNc 30130 

Consequently, our response to the question regarding the amount of paper-and-pencil work a student should perform 
in this setting is: just.enough for them to understand the conceptual underpinnings of these algebraic notions. 
Repetition of these manipulations once a basic understanding is gained is not a good use of time and effort. 

In the calculus sequence before technology we spent a lot of class-time teaching students techniques of 
differentiation and integration. Again, these are worthwhile activities and every student should know how to find 
derivatives and antiderivatives for a standard group of functions. But, using extended mathematics time on non-

. standard, convoluted techniques leaves less time to focus on the concepts and 
applications of the calculus. Any definite integral that appears in a table of 
integrals is a prime candidate for the handheld CAS. Consider the indefinite 

4 . 

integral: f ✓ x 2 + 4dx or the definite integral: J ✓ x2 + 4dx '· These are lengthy 

1 
problems involving trigonometric substitution and integration by parts when 

•f~dx 

• J1 Jx2+4dx 
• J1 Jx2+4dx 9. 7511:)8522149 
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done by hand, but the CAS yields answers to each of these quickly and easily. The student of mathematics who is a 
master-mechanic of techniques should be replaced by one who sees the calculus from a larger perspective, and one 
who is spending more time on the application of mathematics to interesting physical phenomena. 

FOCUSING ON PATTERNS-OF-CHANGE OF INTERESTING PHENOMENA 

Change in most meaningful or useful physical phenomena does not occur by itself. Two things are changing and the 
change in one of these things is dependent on the change in the other. The height ( a changing thing) of a ball 
propelled directly upward is dependent on time (a changing thing). As time goes by, the height changes. The height 
of the ball is dependent on time since for each stated time the ball is at a certain height. (The ball cannot be in two 
places at the same time.) If we were to throw the ball upwards several times and record its change in height relative 
to time in seconds, we would begin to notice a pattern to the change of the ball's height. As we study the data and 
graphical representation of the ball's height, we notice that the behavior is similar to the behavior of a category of 
changing phenomena we have identified as quadratic behavior. The height of the ball is a function of time. It is this 
function that models the behavior of the ball propelled upward. The symbolic 
form of a function-model for a ball thrown upward from ground level with a 

beginning velocity of 80 ft/sec is y = - l 6t 2 + 80! . This is a specific function-

model from the quadratic family of y = ax 2 + bx + c . By studying the 

properties of the quadratic family, we are then able to recognize when the 
behavior of some physical phenomenon appears to be quadratic and we can seek 
a specific, best-fit model from the quadratic family. 

',lc:as. 00162 

THE GRAPHING CALCULATOR AND THE FOUR REPRESENTATIONS 

This approach to pre-calculus and calculus where two things are changing and the relationship between them is best 
described by a function requires an in-depth study of functions. In order for a student to study many functions 
quickly, a graphing calculator becomes essential. It is this technology that permits an overview of functions with the 
properties of domain, range, intercepts, maxima and minima, etc. that separate one function type from another. The 
graphing calculator permits an easy transition among three of the four representations of a function: symbolic, 
graphicai, and numerical ( data). This permits us to focus on the transitions that begin with the verbal representation 
(a story problem). What a meaningful experience we could create ifwe could focus most ofour efforts on the task of 

writing a t~!,s z~~;. [Iit ) Af, sr:,t ,t·, .. 1'---'-'---'-......--~_.___.__.___....__,I t~!,sls~~UP ,/1, . .=.~~~,,L q,, .. .1.:1: ... J 
verbally :,t~1t~ _

3
. x + 

2 
x Iu1 u2 

stated ra- 2 • -9 • 
✓y2=2 · X 2 - 5 · X - 8 1 . -1 . -11 . 

problem in 
the form of 
another 

y3=11 .................. ...._......__._._.,~~-......... ~~1 2. -4. -10. 
~~: 3. -?. -s. 
y6: 4. -10. 4. 

3(x)= x=0. 
MAIN RAO APPRDK fUNC MAIN fUNC MAIN RAO APPRDK 

mathematical representation. 

t~!1slt1of~ttuP![:i1!Ht~~uj[J,cl~t~ft~t! 
DATA 

cl c2 r;a .... 
1 1985. 0. 10. 
2 1987. 2. 12. 
3 1989. 4. 15. 
4 1991. 6. 18. 

c3= 

fUNC 

We can now begin with collected data from a 
problem situation or actually collect it with the 
graphing calculator and a data collector. When 
it is in the calculator we can look at a graph and 
match its behavior with one of our family of 
functions. Suppose we find that it exhibits 
linear behavior; then, we can draw by hand a MAIN RAO APPRDK fUNC MAIN .,,. RAO APf'RDK fUNC 

possible linear model or find the best-fit line with the regression capabilities of the graphing calculator. We can use 
that best-fit model to predict or answer other significant questions. Beginning a problem from collected data rather 
than a created symbolic model is meaningful to the student. They see that they could actually collect data. Plotting 
the data points 'on a graph, sketching a curve to fit the points, and deciding which of the function-models may form a 
best-fit is within their reach. For some problems, they can find an approximate analytical model without using the 
calculator. Using the graphing calculator they can analyze the quality of the fit from the proposed model. 

. , 
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TWELVE CATEGORIES OF PATTERNS OF CHANGE 

We begin the study of "change" by developing the properties of a function. Since, in these problem situations, two 
things are changing and the change of one depends on the change of the other, if we did not have the function idea 
we would invent it for this relationship. There are an infinite number of functions, but there are a small number of 
functions groups or "function families". We have settled on twelve categories of patterns of change in problem 
situations and the associated twelve families of function-models for a course in pre-calculus and the calculus. 
Another approach may settle on ten or fourteen categories or give a different emphasis, but a development of linear 
and exponential behavior and the properties of polynomial functions will form a common thread to all approaches. 

THE FIVE FUNCTION-MODELS AT THE FIRST LEVEL 

The five patterns of behavior that typify much of the change taking place about us·are (1) linear, (2) exponential, (3) 
quadratic, (4) cubic, and-(5) higher-degree polynomials. The emphasis even here should be on linear and exponential 
for much of the change about us falls under these two categories of behavior. 
However, the quadratic, along with its cohorts, the cubic and higher degree 
polynomials draw us into an in-depth study even though the number of problem 
situations that exhibit cubic or higher-degree polynomial behavior is small for an 
introductory course. Many significant behavior properties of geqeral functions 
seem easier to grasp when first studied through polynomial functions. The 
properties of domain, range, maxima and minima, increasing, decreasing, zeroes, 
and others are readably accessible through polynomials. 

HAIN 

THE SEVEN FUNCTION-MODELS AT THE SECOND LEVEL 

- Other changes taking place about us are described primarily by the following categories of behavior: (6) cyclic, (7) 
logistic, (8) logarithmic, (9) radical, (10) rational, (11) power, and (12) an "other" category. A good argument can be 
made to move cyclic, logistic, and the power function to the first level. 

There are many examples of cyclic behavior in our environment that can be 
modeled by the sine function. In fact, it is easy to collect data from a 
fluorescent light and demonstrate the sinusoidal behavior of the light. The 
screen at the right indicates data collected real-time from a fluorescent light. 
While the change indicates some variations, it is clear that the intensity of the 
light is changing according to the sinusoidal family. Ifwe consider the general 

sinusoidal function y = A· co{ ( 
2
; }x -C)) + D , we can trace the graph of 

the intensity curve for the light and determine the amplitude A, the period P, 
and the shifts C and D. When we do this we get the function 

y = .0050~75cos(( . 
2
,r J(t - .0030752)+ .1679275). If we place this 

· .0080064 

func_tion into our calculator and plot its graph along with the graph of the 

;-;!1 2~.;M r:!ce Re&;aph M~th o~';,., .: ~ :'( 
IHTEHSITY (MW/c,M2) 

intensity phenomenon from our fluorescent light, we see that among the HAIN uo m~ x UN 

sinusoidal family is a particular function-model whose graph is almost an exact match to the graph of our collected 
· data from the light. 

In this problem we are seeing the new approach to teaching pre-calculus and calculus that permits us to devel~p a 
mathematical model of the behavior of a physical phenom~non. ·During one or two class periods, the student can see 
the sinusoidal function with parameters A, B, C, and D in a whole new light. The light in the classroom that they can 
see provides the phenomenon. This problem illustrates the view that it is not always necessary to bring a written 
description of a problem situation with given numerical values since you can collect data real-time. 
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THE EMPHASIS IN THE CALCULUS 

With the presence of hand-held technology in the calculus, we can focus away from mechanical procedures to 
problems that illustrate the concepts of the integral or derivative by showing how those concepts arise in rich 
problems. Applications that have the underlying concept of integral calculus include those problem situations where 
we can approximate the answer by dividing the phenomenon into small pieces. We can solve problems for the small 
piece, write as a sum over the interval in question, and often express as a definite integral. These rich problems 
including volume, area, density, center of mass, work, and others can be covered in-depth with the time gained from 
calculator approaches and solutions. 

In the past we have emphasized finding the derivative and the antiderivative of 
functions given in symbolic form. What if the function is represented 
graphically, numerically, or verbally? Can we easily find the derivative and 
antiderivatives beginning from these representations? A modem approach to 
the calculus and similar courses permit the larger view of concepts and 
application so essential to mathematics. The screen to the right shows the 
graphs of functions with some that are derivatives or antiderivatives of others. Similar conceptual approaches can be 
developed beginning with numerical data or a verbal description of a function. 

The following example has a cumbersome antiderivative, but the connection between the concept of the integral, the 
limit, and a rich problem situation is permitted when the CAS performs the lengthy antiderivative and other involve_d 
steps. 

Example: An engineer looking at the rate of production, R(t), of oil in an offshore oil well has proposed the 
following model: 

R(t) = A + Be -t cos(2m) 

where tis the time in years, A is the equilibrium rate (a constant), and Bis the 
variability constant. 

a. Find the total amount of oil produced in the first P years of operation. 

b. Find the average amount of oil produced per year over the first P 
years. 

c. 'From (b ), find the average amount of oil produced per year as 
P ➔ oo. 

Students would be asked to write about the ideas in each of the questions. It 
would not be a simple CAS problem. It would entail a discussion of the 
calculus that is being used in the problem. 

JU 
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COMPUTERS, CALCULATORS, OR NO TECHNOLOGY 

It is evident that "no technology" is not an option in our approach to teaching college mathematics. We have 
embraced the hand-held CAS (Computer Algebra System) in all of our undergraduate classes. This is our technology 
of choice primarily because of(l) ease of use, (2) low cost for each student, (3) capabilities of the CAS, and (4) 
portability. The computer and computer software are not only viable options, but we should make every attempt to 
give students experiences with good mathematics software packages. We look forward to future technology that 
incorporates the best of the CAS and the excellent computer software packages at a reasonable cost. 
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ABSTRACT 
The advent of powerful hand-held technology and the changing demands of the modern workplace necessitate a re
evaluation of the mathematics major. Which courses in our current curriculum should we continue to teach? Which 
courses should be substantially modified or removed? Our department is in the process of collecting data from 
schools around the country to help us answer these questions. This paper will present a summary our findings up to 
this point. 

INTRODUCTION 

The undergraduate curriculum in mathematics has remained fairly constant for many decades. In fact, there have 
been relatively few changes in the last century [D 2000]. There are some valid reasons for this inertia; the axiomatic 
basis and logical development of mathematics makes it less vulnerable to fundamental upheaval than an empirical 
science. The world around us, however, has changed dramatically in the last hundred years. Is this curriculum still 
adequate to meet the needs of our community and the other disciplines that depend upon us? 

A brief history of reform at Northwestern State University 

In the early 90's, major professional organizations such as the AMS (American Mathematical Society), MAA 
(Mathematical Association of America), and NCTM (National Council of Teachers of Mathematics) were 
advocating curricular reform [S-P 1998]. The Mathematics Department of Northwestern State University began to 
look carefully at its course offerings for mathematics majors. In 1992, we adopted a calculus text that stressed the 
importance of real-world problems and assumed that graphing calculators or computers would be used to handle 
many of.the algorithmic tasks including symbolic calculations of derivatives and integrals. This would allow more 
focus on the concepts than the mechanics. Impressed by our results, we expanded this approach to all freshman 
level courses. Again we feel these reforms have improved the quality of instruction and student satisfaction [S-P 
1998, S-C 1999]. 

The main casualty of this reform has been an early introduction to proof and the general notion of mathematical 
rigor. Does this hamper the ability of students who pursue advanced study to succeed in graduate school? On the 
other hand, the incorporation of technology into many courses is superficial. Are we providing sufficient 
technological training for our students who pursue a career in industry? These questions have led us to seek some 
external validation for our reforms. 

Evaluating our program 

No national accrediting organization exists in the field of mathematics. Thus, there is no uniform standard by which 
departments of mathematics are judged. There are three major groups whose assistance we can seek in evaluating 
the effectiveness of our program: our peers at other universities, employers who hire our graduates, and our alumni. 
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To facilitate obtaining their input; we applied for a grant from the Louisiana Board of Regents Quality Support 
Fund. The research discussed in this paper was funded by this source. 

In the course of this project, we will consult with all three groups. Data collection will take place through surveys 
and personal interviews. · We will hold an alumni reunion to gather data from them. Several trips to high-tech 
employers in our region are also planned. We have carried out our research in the first of these thre_e areas, 
university mathematics faculty members. This paper covers those preliminary results. 

THE INITIAL SURVEY AND ITS RES UL TS 

The questions in our survey address three major issues. First we wanted to see if certain standard courses should be 
retained in our curriculum. The use of technology in the classroom and other reform-based issues was another issue 
we sought to address. Finally we wanted to address the dichotomy of preparing students for graduate study in 
mathematics versus preparing them for jobs in industry. 

We developed a brief questionnaire that addressed on the curricular issues about which we were concerned. This 
consisted of 27 statements. Participants were asked to rank their agreement with each statement on a scale of 1-5 ( 1 
is disagree strongly; 5 is agree strongly). A complete list of these questions is included in the Appendix. 

This survey was emailed to MAA liaisons for each mathematics department in the southern United States. Of these 
250 schools, 125 have responded. The results discussed below come from a preliminary analysis of this data. 

Courses in the curriculum 

Several items in our survey were designed to ascertain whether a particular course was still considered vital to the 
undergraduate mathematics major. (See items 1, 3, 5-8, 12, 13, and 27) Respondents felt that the major should 
continue to contain at least three semesters of calculus (Average response 4.474). Similarly, they believed linear 
algebra, probability and statistics, proof-based abstract algebra, and proof-based analysis should be retained. 
(Average scores 4.658, 4.203, 4.244, and 4.658, respectively) Opinions on computer programming and student 
research courses were indifferent (Average scores between 2.4 and 3.6). 

These results are not terribly surprising. Most academic disciplines resist major changes in the canonical 
curriculum. The courses considered essential are all part of this curriculum for mathematics. Further, these courses 
are consistent with the recommendations of the Mathematical Association of America's Committee on the 
Undergraduate Program in Mathematics [CUPM 1991 ]. 

Technology and reform 

For several years the Department of Mathematics at Northwestern State University has pursued a proactive 
approach to curricular reform. Our efforts have been met with some success [S-P 1998]. Recently our department 
received high praise from the National Council of Teachers of Mathematics. The following is a quote from the 
report: 

It was a joy to read the university report. The pride and excitement the mathematics department takes in 
their accomplishments is evident. This pride is truly justified. This is the most dynamic program of all the 
interim reports that we read. 

Several statements in ou~ survey address these reforms particularly the increased use of technology in the classroom 
(See items 2, 4, 16-22, 25, and 26). The majority of these statements received a noncommittal rating (Average 
scores between 2.4 and 3.6). There was strong agreement that technology could have a constructive role in the 
classroom (Average score 4.412). Also respondents agreed that a variety of teaching methods is desirable (Average 
score 4.374). 

Again, these results are not surprising. Adopting curricular reforms and learning to teach with technology at a 
department-wide level requires an investment of time, money and energy. Our department went through many ' 
growing pains as we adapted to these new methods. The power of technology in the classroom cannot be ignored 
once witnessed [S-C 1999]. 
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Graduate school versus industry 

In the past few years, the Department of Mathematics at Northwestern State University has seen an increase in the 
number of graduates pursuing advanced degrees. During this same time period, the entire nation has seen an 
explosion in technology-based jobs in industry. We are concerned that a single curriculum may not address the 
needs of both of these constituencies. Perhaps there should be two tracks within our major: one for those planning 
to pursue advanced study and another for those seeking a professional degree. 

Several statements in our survey address this issue (See items 9-11, 14, 15, 23, and 24). Many of these statements 
received a noncommittal rating (Average scores between 2.4 and 3.6). There is some indication that respondents 
recognized the need for various curri~µla (Average score 3.974) and for a broader, more flexible major (Average 
score 3.746). 

It seems that the mathematical community has no consensus on these issues. There seems to be willingness to adapt 
to the realities of a new century. Hopefully, the path will become clearer with mqre research such as this project. 

A final question 

One additional question was included for admittedly self-serving reasons. Faculty members in our department 
routinely teach fifteen-hour loads per semester. Respondents were asked what a reasonable teaching load was for a 
faculty member whose duties include research and committee work. The average response was 9.45 hours. Clearly, 
expectations on faculty at Northwestern State University are out of step with the opinions of our peers. 

CONCLUSIONS AND OBSERVATIONS 

The results of our study were not surprising for the most part. Collecting this survey data allows us to confirm our 
perception of the view of the mathematical community with some conviction. In many ways this data may prove to 
be the least illuminating of our project. I believe the information we.gather from our alumni and from their potential 
employers will be more useful to our department as we design a Mathematics Curriculum for the 21st Century. 

APPENDIX 

The following is a list of statements from our survey. Recall that participants were asked to rank their agreement 
with each statement on a scale of 1-5 where 1 is disagree strongly and 5 is agree strongly. 

1. Trigonometry as a separate course is not needed. 
2. College Algebra should focus on functions and the mathematics of change. 
3. All mathematical science major programs should include the content of three semesters of calculus. 
4. The Calculus course should be a reform-based course. 
5. Every mathematical science major should include a course in linear algebra. 
6. Every mathematical sciences major should include at least one semester of study of probability and statistics at 

a level of calculus prerequisite. 
7. Every student in a mathematical sciences major should have within their program a proof based algebra course 

( calculus prerequisite). · 
8. Every student in a mathematical sciences major should have within their program a proof based analysis course 

( calculus prerequisite). · 
9. The mathematics major should focus on preparing students for graduate school. 
I 0. The mathematics major should focus on preparing students for work. 
11. There should be at least two tracks with a focus of 3-4 courses in each track. 
12. The mathematics major should also require 3-4 current programming languages (JAVA, Visual Basic, C++ or 

most current) 
13. A mathematics major should require Statistics before requiring Advanced Calculus or Modern Algebra II or 

similar courses. 
14. Courses preparing mathematics majors for graduate school will prepare them for work. 
15. Courses preparing mathematics majors for work will prepare them for graduate school. 
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16. Technology ~hould be an integral part of most mathematics courses. r 

17. The technology of choice should be the hand-held computer-algebra-system rather than the computer. 
18. The technology for Linear Algebra is the computer and computer software packages. 
19. The technology for the year 2010 in mathematics classes will be a laptop-type computer with the CAS 

( computer-algebra-system) hardwired with color graphics. 
20. The textbook of the future will be an interactive software package. 
21. Technology permits understanding if used properly in the teaching of mathematics. 
22. Technology is replacing essential skills needed by students of mathematics. 
23. One mathematics curriculum is not appropriate for all mathematics majors. 
24. The mathematics major of the future must be a broader, more flexible major. 
25. The lecture method of teaching mathematics is out-of-date. 
26. An undergraduate program in mathematics should facilitate interactions between students and faculty through a 

variety of teaching methods. 
27. A capstone course for undergraduates that includes research and presentations is essential. 

An additional question was asked that had specific responses: 
Faculty who are evaluated upon assessment of contributions in teaching, scholarship, and service should have a . 
teaching load not to exceed. 
15 hours 12 hours 9 hours 6 hours other 
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IMPROVING STUDENT MOTIVATION THROUGH 
STUDENT, TEACHER, CONTENT, METHOD/PROCESS, AND ENVIRONMENT 

Kaylene· Williams 
California State University, Stanislaus 

INTRODUCTION 

The educational equivalent to "location, location, location" is likely to be "motivation, motivation, motivation," for 
motivation is probably the most important factor that educators can target in order to improve learning. (Olson, 
1997) Motivation is defined as the act or process of motivating; the condition of being motivating; a motivating 
force, stimulus, or influence; incentive; drive; something (such as a need or desire) that causes a person or student to 
act (Merriam-Webster, 1997); and the expenditure of effort to accomplish results (DuBrin, 2000, 294 ). 

Numerous cross-disciplinary theories have been postulated to explain motivation. For example, some theories claim 
that people or students are motivated by material rewards, desire to increase their power and prestige in the world, 
interesting work, enriched environments, recognition, or being respected as an individual. Each o{ these theories 
has some truth but no single theory adequately explains all human motivation. The fact is human beings in general 
and students in particular are complex creatures with complex needs and desires. Students are not purely physical, 
economic, political, or psychological beings. H.W. Beecher said, "God made man to go by motives, and he will not 
go without them anymore than a boat without steam, or a balloon without gas. Find out what motivates man, touch 
that button to tum the key that makes men achieve." (Helmlinger, 1997) 

Student motivation is an essential element that is necessary for quality education. Basically, very little if any 
learning can occur unless students are motivated on a consistent basis. The five key ingredients impacting student 
motivation are: student, teacher, content, method/process, and environment. For example, the student must have 
access, ability, interest, and value education. The teacher must be well trained, must focus and monitor the 
educational process, be dedicated and responsive to his/her students, and be inspirational. The content must be 
accurate, timely, stimulating, and pertinent to the student's current and future needs. The method or process must 
be inventive, encouraging, interesting, beneficial, and provide tools that can be applied to the student's real life. 
The environment needs to be accessible, safe, positive, personalized as much as possible, and empowering. The 
focus of this article is to provide the educator with suggestions that can be used to motivate his/her students. As 
such, suggestions are provided for each of the five key ingredient areas impacting student motivation: student, 
teacher, content, method/process, and environment. 

INGREDIENT 1: STUDENT 
"You cannot push anyone up the ladder unless he is willing to climb himself." - Robert Schuller 

The student's role in education is crucial and should go beyond the traditional view of student as customer or 
recipient of knowledge. In addition to the roles of buyer and recipient, "students are the raw materials for education 
and the 'primary products of educational transformations; and most important...students are key members of the 
labor force involved in creating education." (Lengnick-Hall and Sanders, 1997, 1335) Also, the increasing diversity 
of individual differences among students can be seen in time management, learning styles, maturity, demographics, 
experiential background, cultural orientation, and interests. As such, Senge et al. ( 1994, 489) suggest that teachers 
should be "producers of environments that allow students to learn as much as possible" or that schools should 
become learning habitats wherein relationships are fostered between people, students develop their own individual 
instruction plan, and a variety of investigating system options replace the passive receipt of information. (Senge et 
al., 1994; Lengnick-Hall and Sanders, 1997) Some tips for improving ingredient 1 or student contributions to 
motivation follow: 

• If students conserve energy and apply least effort, then they should be taught how to produce results while 
conserving energy. Businesses certainly focus on getting the right results with the least effort or cost. Hence, 
educators need to train students to "stalk" efficient and effective results: 

• Regarding lower level needs, if a student is hungry or thirsty, it is more difficult to focus on learning. Also, if 
the environment is physically, mentally, or emotionally unsafe, then it will be hard for the student to put all of 
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his/her attention on learning. If the teacher always is critical of the student, theh the student probably will not 
feel accepted or that he/she belongs. Low self-esteem and ego will make the student feel unappreciated and 
unrecognized. As such, the educator must do what is necessary to support the student to a higher level of need 
satisfaction so that the student can focus his/her ·attention on learning. Even at the level of self-actualization, 
the educator may need to provide encouragement or opportunities. 

• Students perceptions may be clouded by their perceived well being, e.g., bad mood, not being able to find 
parking, or having a disagreement with someone before class. Well being or life satisfaction is the degree to 
which a student is content with his/her life including pleasure in daily activities, meaningfulness of life, 
goodness of fit between desired and achieved goals, mood, self-concept, perceived health, financial security, 
and social contact. To increase satisfaction with the learning experience and in turn performance, these well 
being factors need to be extrapolated into the classroom. That is, factors beyond quality of teaching can affect _ 
student satisfaction including student motivation, course level, grade expectations, type of academic field, and 
workload difficulty. (Duffy and Ketchard, 1998) 

• Student motivation has been positively related to public speaking competence, but not to the demonstration of 
communication knowledge. (Carrell, 1997) Because fear of public speaking is the #1 fear of most people, 
continued practice in public speaking will teach students how to face their greatest fears and get over them, 
hence, getting over unconscious blocks, rebuilding traits, and enhancing self-concept. -

• Emergent motivation results from connecting with work. as a source of self-expression, exploration, and 
sustained creativity. It is emergent because purpose arises out of the interaction between a student and what he 
or she perceives as a significant and meaningful context. That is, students discover their own rewards by 
mastering new challenges and making unique contributions in a significant and meaningful context. To foster 
emergent motivation, educators need to design variety into a learning system. This variety can overcome 
extensive individual differences in student inputs and yield uniformly high levels of perceived personal 
effectiveness, organizational effectiveness, ability to apply course materials, and satisfaction with both course 
results and the educational process. Also, students become co-producers in the educational system because 
they are inherently responsible for the learning work that takes place. (Lengnick-Hall and Sanders, 1997) 

INGREDIENT 2: TEACHER 
" ... the really great make you feel that you, too, can become great." - Mark Twain 

Students display motivational benefits from teachers they like over teachers they dislike (Montalvo, 1998). 
However, education is much more than a personality contest. The role of teachers seems to be shifting from 
preprogrammed knowledge dispensers to instead managers of student learning and the learning environment. 
Therefore, teachers must be empowered to exercise professional judgment in the classroom to attain clearly 
expressed goals. Professional educators should be given latitude to test individual approaches based on strategic 
goals and incentive systems. Also, teachers should be provided with training to support them in this expanded role 
including more time for peer interaction to share views on what is effective. The following suggestions are offered 
regarding ingredient 2 or teacher contributions to student motivation: 

• One important extrinsic factor in the educational environment is the instructor. On examining the degree of 
learning whether taught by a Ph.D. faculty vs. an M.A. faculty, there is no significant net association between 
instructor's degree and student assessments of amount learned or instructor effectiveness. (Finegan and 
Siegfried, 1998) However, all else being equal, students perform better if they: (a) are educated in smaller 
schools where they are well known, (b) have smaller class sizes, ( c) receive a challenging curriculum and ( d) 
have teachers with greater expertise and experience. Curriculum quality and teacher skill make more difference 
to educational outcomes than initial test scores or racial backgrounds of the students. (Darling-Hammond, 
1998) Teacher skill includes staying calm, eliminating negative thoughts or feelings, disengaging stress, 
remembering that students have _ their own realities and are doing their best, not taking students' actions 
personally, remembering that students are not bad rather just in the process of development, and maintaining a 
sense of humor. (Whistler, 1992) 

• The educator must consider whether to approach students from the viewpoint of scientific management, human 
relations, or both. Here are some tips from Jamie Doran, the Pennsylvania Institute of CP As 1998 Outstan<;ling 
Accounting Educator Award: use inventive teaching techniques, encourage your students to embrace 
technology, make learning both interesting and entertaining, require significant effort both inside and outside 
the classroom, convey a real sense of caring to the students, make each student feel special, help students 
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outside of the classroom and at odd hours, teach them how to use infonnation to make proper decisions for real 
life, students need to know you are approachable, motivate them to achieve at· their maximum level, instill a fire 
in your students, create a classroom environment where students are passionate about learning, go beyond the 

· confines of the academic setting, discuss contemporary topics, share personal relevant experience, capture the 
interest of your students, be devoted to your students, learn students individual needs and respond 
appropriately, develop specialized assignments and schedules when needed, provide tools for their careers, 
promote practical work experience, foster relationships with local area professionals, and each semester ask the 
students to write down what future students should do in order to be successful in the course and put some of 
these on the next term's syllabus. (Doran, 1999) 

• Barbara McCombs states that "almost everything (teachers) do in the classroom has a motivational influence on 
students-either positive or negative. This includes the way infonnation is presented, the kinds of activities 
teachers use, the ways teachers interact with students, the amount of choice and control given to students, and 
opportunities for students to work alone or in groups. Students react to who teachers are, what they do, and 
how comfortable they feel in the classroom." (Olson, 1997) 

• Greet each student at the door by his/her first name. Make eye contact and smile. Actively listen to each 
student. A void giving advice. Be genuine. Be clear in approval and disapproval. Let students know you do 
not carry a grudge. Avoid sarcasm and criticism. Talk to students about negative concerns priyately as not to 
embarrass them in front of others. Walk around the room and give the students an occasional pat on the back or 
catch their eyes or give them an okay sign as appropriate. (Olson, 1997) Also, use stories, personal examples, 

· and language that engages the students and creates rapport. 

INGREDIENT 3: CONTENT 
"What the mind of man conceives and he believes, he can achieve." - Napoleon Hill 

At the least, content must be accurate and timely. However, content also should be relevant and useful to the 
student in his/her life. Olson ( 1997) notes that student motivation depends on the extent to which the teacher is able 
to satisfy the student's need for (1) feeling in control of their learning, (2) feeling competent, and (3) feeling 
connected to others. As such, content also must be included to satisfy each of these student needs. Here are some 
suggestions for ingredient 3 or content contributions to student motivation: 

• Students feel some ownership of a decision if they agree to it. Whenever possible, students should be allowed 
to detennine class rules and procedures, set learning goals, select learning activities and assignments, and 
decide whether to work iri groups or independently. Allowing students to select learning partners has been 
shown to improve their motivation to learn. Also, it is important to get students to accept the reasons why some 
aspects of the course are not negotiable. (Olson, 1997) 

• Content that builds competency in students requires assignments that challenge students' beliefs, actions, and 
imaginations. This can be done by having them investigate and respond to issues relating to survival, quality. of 
life, problem solving, and/or real products. Lessons that are more interesting and more personally relevant are 
more motivating to the students. Internship and work study programs are useful in this regard. In any event, 
the instructor must draw out the relevance of the class and class work to future employment, quality of life, 
andior life skills. (Olson, 1997) 

• Competence also is learned from experiences that involve both creative and critical thinking. Creative and 
critical thinking requires the student to define the task, set goals, establish criteria, research and gather 
infonnation, activate prior knowledge, generate additional ideas and questions, organize, analyze, and integrate 
all the infonnation. (Olson, 1997) 

• Content that contributes to the student feeling connected may include advisory programs, cooperative learning, 
peer mentoring, peer counseling, and community service. Regardless of whether or not students participate in 
these programs, they need a sense of trust, respect, caring, concern, and community with others. In 
student/teacher interactions even a single event can detennine how the student feels about a class and how 
he/she will perfonn. (Olson, 1997) 

94 
Proceedings of the IEMS 2000 Conference 



INGREDIENT 4: METHOD/PROCESS 
"If you. tell me J will listen. If you show me I will see. If you let me experience, I will learn. " - Lao-Tzu 

The method or process is the way in which content is presented or the approach u~ed to instruction. Two basic 
approaches to supporting and cultivating motivation in the classroom_ ar~ ( 1) creating a classroom ~tructure and 
institutional method that provides the environment for optimal motivation, engagement, and learning; and (2) 
helping the student to develop tools that will enable him/her to be self-regulated. (Alderman, 1999) Some specific 
tips for improving ingredient 4 or the method/process contributions to student motivation are: 

• Educator's could experiment with monetary incentives but budgets usually do not allow this possibility. 
Another option is to help the student get a scholarship/job/work study or participate in a sponsored competition 
featuring financial awards. Small incentive gifts could be given but these may not be as effective as money. 
Another option is to emphasize and illustrate the financial betterment that will occur for the student once he/she 
has completed their education. Or, the educator could use the incentive of time, that is, give the student the 
time to do something the student feels is important to him or her. 

• At the upper end · of the hierarchy, experiential learning or self-learning becomes more highly utilized. 
Experiential learning is when an individual is actively involved with concrete experience, that is, a student 
cognitively, affectively, and behaviorally processes knowledge, skills, and/or attitudes such that knowledge is 
created through the transformation of experience. Smith and Kolb ( 1986) explained individual experiential 
learning differences in terms of four learning styles or ways in which the mind works: convergent learning 
style (abstract conceptualization, active experimentation, may have solutions to the wrong problems, and 
excellence at technical tasks), divergent learning style (concrete experience, reflective observation, may be 
paralyzed by alternatives generated, and people oriented), reflective or assimilator learning style (loves ideas 
and concepts, theoretical professions, theory but no application, and ideas over people), and doer or 
accommodator learning style ( concrete experience and active experimentation, carries out plans, likes changing 
environment, may produce tremendous ends but all in the wrong area, and prefers trial and error method). 
Leaming styles are combinations of heredity, education, experience, and the demands of the environment. 
Leaming styles are strongly correlated to work preferences. (Saunders, 1997) 

• One way to support students in seeking out responsibility and working toward goals to which they are 
committed is to use flexible and stimulating just-in-time training which allows the student to train at his/her 
own pace and time. The key to effective use of this training is interactivity. That is, it is important to focus on 
the material to be learned and on how the student interacts with it rather than being side tracked by glitz. Guide 
the students logically through the information and monitor their progress adjusting as necessary. (Bums, 1997) 

• Twq reinforcement strategies have been found to lead to significantly higher test scores: reviewing the 
concepts delineated on the study guide and silent reading of class notes. (Carrell and Mengel, 1997) 

• For MBO and goal theory to be successful, the participants must agree on mutual goals or objectives. Some of 
the common goals or objectives in the educational organization which promote-continuous improvement and 
learning might be sense of pride, teamwork, willingness to share the credit, sense of ownership, the elimination 
of mixed messages, the management of interdependencies, shared vision and communication direction, the 
building of consensus, mutual respect and trust, and concern for the whole organization. It would be very 
beneficial for the educator to try to include these as appropriate in the MBO process. In tum, the goal setting 
nee~s to be tied to performance evaluation and rewards. Rewards unique to the educational environment could 
include the valuing of ideas, attention and support from the educator or educational organization, respect for 
beginning ideas, celebration and awards for accomplishments, the implementation of suggestions, and 
encouragement. (Ahmed, et al., 1999) 

• One method to use to support students in accomplishing their goals is verbal conformity wherein the student 
repeats all or part cif the goal in his/her own words. This simple act of saying will influence his/her private 
convictions, i.e., saying is believing. Some methods that can be used to achieve verbal conformity include: (a) 
have the student explain the goat to a third party, (b) have the student write a memo on the subject, .and (c) 
grapple for words and have the student fill in for you. The student needs to understand the goal first before 
using verbal conformity. (Pollock, 1999) 

• Educators need to be aware· that different types of framing of a problem or decision area can lead to different 
preferences or shifts in judgment. For example, students who have a more enjoyable experience during training 
are more likely to perceive the system to be easier to use which in tum can lead to enhanced behavioral 
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intentions to use the system. Also, game-based training perceived as enjoyable will potentially allow users to 
scale initial hurdles to acceptance and usage, create higher-level intrinsic motivation, and lead to sustained 
usage behavior. (Venkatesh, 1999) 

INGREDIENT 5: ENVIRONMENT 
"To stay motivated you must fight self-doubt, poor discipline, fear, and any other ghost" - Dr. Zonnya 

Environment is the fifth key ingredient of student motivation. First of all, an environment must be available and 
accessible. Thereafter, that environment must be of a quality or caliber that contributes to the motivation of the 
students. For example, if an environment is not safe, it is difficult and maybe even unwise to put all of your 
attention on learning. On the other hand, an environment of openness and freedom to learn from our mistakes can 
foster motivation to learn. Also, environment can be physical as well as mental, emotional, and even spiritual in 
some regard. Suggestions for creating an environment conducive to student motivation are as follow: 

• When creating an effective environment, educators need to consider the following: overall approach to 
material presentation and development, examples coming before and after detailed discussions of the concepts, 
the use of engaging classroom activities, in-depth discussions or simulations, the use of good business 
problems rather than contrived examples~ the use of real-life exercises throughout that are varied in scope and 
field of application, using applications relevant to studenfs everyday experiences or to their chosen career 
fields, creating situations in which the students perceive themselves as academically productive, fostering 
positive peer social interaction and exchange, decreasing peer aggression, moving from simple to more 
complex problems, the use of a good solidly written text in a traditional format, incorporation of some 
modem/future components that concern students, motivating by example and by encouraging student 
discovery, developing positive attitudes, making sure that academic tutoring is available, having voluntary 
parental and business community support and involvement as necessary, and encouraging critical thinking (e.g., 
what do you mean, why, what if, what works/does not work, and how would you ... ) (Rumsey, 1998) 

• Just like people everywhere, students are intrinsically interested in the study of information about themselves. 
(Dargahi-Noubary, 1998) 

• Empowerment can contribute positively to the learning environment. Empowerment can mean vested authority 
or enablement. Before investing authority in a role or person, it is necessary to clarify the student's mandate 
and the expectations of his/her performance. Enablement means having the right tools and support when they 
are needed. (Maccoby, 199?) 

• An environment of teamwork can contribute to learning. All teams need four competencies: generate and 
refine ideas, organize and integrate work, sustain group spirit, and manage boundaries. "Smart teams" are built 
by having the entire team look at what competencies are needed to be effective. For example, generational and 
multicultural differences will need to be considered as well as chain of command, work/life balance, and 
technology. (Farrer and Maurer, 1999) In terms of multicultural diversity in groups, the following should be 
considered: ( 1) the reasons for taking the course may be different than that perceived by the instructor or other 
team members, (2) students may have difficulty in studying or completing assignments due to part time jobs or 
attending other courses, (3) the instructor should not underestimate how differently people think and feel from 
various cultures, and (4) value judgments of purpose and moral standards of behavior may be important 
differences. (Sexty, 1998) 

• According to Lengnick-Hall and Sanders (1997), both individual and learning system design differences 
influence the learning environment. For example, To motivate students to demonstrate high levels of 
responsibility and self management, effective goal setting must occur in that students have a clear 
understanding of course objectives, means and methods for accomplishing target objectives, and measured 
benchmarks for assessing their progress. Students need not participate in establishing the goals as long as they 
accept the goals as feasible and desirable. When students take charge of their learning, they gain self-esteem 
and confidence, more choices, higher levels of commitment, and the ability to customize the learning process to 
best meet their personal needs and learning goals. That is, when students become active participants in 
customizing and activating learning systems, they become team leaders, coaches, and models in a sense. 
"Through self-management and self-leadership, students invest their efforts more effectively and efficiently, 
take ownership of their educational experience, and customize the learning process to reflect their personal 
interests and competencies." (Lengnick-Hall and Sanders, 1997, 7) It is expected that this shift to increased 
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self-participation and self-ownership would be viewed positively by teachers and other shareholders involved 
in the educational process. 

SUMMARY 

Understanding student motivation is much like a group of blind men discovering for the first time what an elephant 
is like. One man holds the tail and says that an elephant is like a broom. Another holds a leg and says that an 
elephant is like a tree trunk. Others say an elephant is like a big pillow, a big hose, and a spear. Each blind man has 
an accurate portrayal from his specific vantage point but not the whole picture. This also .seems to be the case 
regarding student motivation. Each of the writers or theorists has another valuable aspect that contributes to the 
understanding of student motivation. However, no theory seems to be complete in and of itself. As such, maybe the 
best way to gain some new understandings about motivation is to hold all of these theories simultaneously in mind, 
much like a giant puzzle, and see where there is good understanding and where there are gaps. These new ideas 
then could be translated into the classroom. At the very least, it seems that motivation in the classroom is a function 
of five components: student, teacher, content, method/process, and environment. Aspects of any of these five 
components could contribute to and/or hinder motivation. As educators, maybe we could start just by choosing and 
trying three new possibilities for enriching student motivation. Or, most importantly, we could watch ourselves and 
our own behavior to become self-aware of new understandings about motivation. Remember ... "motivation is when 
dreams put on work clothes." (Robinson in Friedman, 1999, 2) · 
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Introduction 

At San Jose State University, POM classes are usually large classes of about size 40 and the trend is 
that the class size will get larger. There are numerous problems associated with large numbers of 
students that make it difficult to have a learning environment that uses higher levels of learning and 
does not rely on lecture and scantron tests. During the fall 1999, I taught two classes of 120 
students in each class; however, the classes had individual projects to do and were not just lecture 
classes. This paper will discuss some of the innovations used_ to make the large classes a positive 
learning experience. · 

History 

At SJSU, POM is an upper division course required of all business students usually taken during the 
student's junior year. Historically the classes have usually been about size 40 with some instructors 

_ occasionally teaching a class of size 120. When an instructor teaches a class of 120 then the 
instructor gets credit for two classes. Usually I have taught the classes of size 40, but with the 
current changes in the layout of the business classroom building it appears that the class size will 
only get larger. Since the class size will probably be getting larger, I decided to test to see ifl could 
effectively teach a large class so I taught the two classes of 120 students. 

Some history on the class size at SJSU will help explain the situation. San Jose State College of 
Business has been planning a classroom renovation for over ten years. The old building has been in 
need of updating for a number of years and the problems with it do not need to elaborated on here. 
One significant statistic is that the old building had an average capacity of 46 seats. The new 
building has the following configuration 

Size of Classroom 
30 Seat 
35 Seat 
40 Seat 
45 Seat 
50 Seat 
60 Seat 
120 Seat 
Average capacity= 54. 

Number of Rooms 
4 
1 
9 
4 
3 
14 
3 

The new building reflects an increase in seating capacity of about 17%. While we were told that 
even though the capacity of the rooms increased by 17% that did not mean that the number of 
students in each class would increase by that amount, most of the faculty were skeptical. Currently 
we have a shortage of sections offered and a large number of students who want to add each class. 
It seemed inevitable that the number of students would increase. Since the largest number of classes 
have 60 seats, one can assume that often that will be the number in most classes class and 
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specifically since operations management has a large demand being a required class, it will have a 
class size of 60 or more. Since there is not much difference in methodology once the class gets that 
large to just increasing the class size to 120, I decided to teach two sections of 120 students each. 
While I personally believe that the optimal class size is much lower, I am also realistic about the 
future trends. 

Problems 

From my past experience and the experience of other professors, large classes typically have the 
following problems: 

1) Lower attendance 
2) Students not paying attention/ doing the homework 
3) Class is impersonal 
4) More cheating occurs 
5) Hard to use the higher levels of learning 

We have one additional constraint. That is how to address these areas without a teaching assistant. 
Often schools provide assistants, that can help with projects, grading quizzes or tests or just help 
answer questions in class. At SJSU, our Dean decided that the cost of teaching assistants did not 
justify the benefits. Of course the professors or students were not consulted on that decision, but 
that is another problem. For.this paper, it is taken as a given that these problems largely need to be 
solved without the help of student assistants. While these problems can be present in classes of any 
size, the problems are more acute when the class size increases. 

Proposed Solutions 

Next, I had a plan to address each one these problems. To help with the lower and attendance and 
students not doing the homework, I decided to have frequent quizzes. The quizzes are scheduled so · 
the students know when they will be and the quiz is on the material covered in class and the 
readings since the last quiz. Having quizzes I am convinced increases the attendance and the 
number of students who are keeping up with the material and doing the homework, but I do not 
have any statistics to back up my subjective impression. While I still have reservations about the 
policy of having quizzes, at SJSU we have a large number of students who do not have good study 
habits. They have managed to get through high school and community college without developing 
the good study skills. For these students, I have found that keeping the class structured and giving 
frequent feedback in the form of quizzes is helpful. For the good students, the quizzes are not really 
necessary since they read the material, do the homework and pay attention in class to begin with. 
Overall,_ the students do better on the tests since they have an opportunity to practice on the quizzes. 
The time involved in grading the quizzes is not excessive, but sometimes I did grade them in class. 
I initially had some problems with cheating when they were graded in class, but I was able 
overcome those problems. If the person grading the test was not one of the persons buddies then 
there usually was not a problem. 

To address the problem of using higher levels ofleaming, I decided to still have projects for the 
students to do. The levels of learning identified by Bloom's Taxonomy are: 

Knowledge: Remembering material and building on previously learned concepts 
Comprehension: Grasping the meaning of material 
Application: Using the material in new situations 
Analysis: Breaking the material into component parts 
Synthesis: Putting the parts together to form a whole 
Evaluation: Judging the valu~, of material for a given purpose 
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Often there is a tendency to rely on the first couple of levels of learning in a large class since the 
time commitment of the higher levels can be extensive. I decided to do projects anyway, but I 
needed to solve a couple of other problems. How to keep the grading time from being 
overwhelming and how to keep the students from cheating on the project. I decided that for the 
Operations Management class the two projects would be a forecasting project and a quality project. 
Both of these projects would be solved using excel. In the past I have found that some students 
would try to copy another students excel spreadsheet and not do any work themselves. The problem 
became how to make copying another spreadsheet useless. .. 

The first part was to have each student pick a different company to forecast. The students were 
required to sign up for a company so that no two students would be doing the same company. The 
next challenge was how to prevent one student from being able to use another spreadsheet. Since 
this was a forecasti_ng problem, I decided to have each student have slightly different methods for 
forecasting. This was done on the basis of the students SSN. Using various digits of their SSN they 
had different methods for forecasting. The following table was used to determine the methods for 
each student. 

Forecasting Method 
Mov. Ave -1st digit of SSN 
Wt. Mov. Ave. - 2nd digit of SSN 
Exp. Smoothing - 3rd digit of SSN 
Trend Adj. -4th digit of SSN 

0-3 
4 periods 
wts. 4,3.2, 1 
a= .3 and .6 
a = .3 f3 = .2 use 4 
periods for initial 
estimate 

4-6 
3 periods 
wts. 5,3,1 
a= .4 and .7 
a.= .4 J3 = .3 
use 5 periods for 
initial estimate 

7-9 
2 periods 
wts. 4,2, 1, 1 
a.= .2 and .5 
a= .5 f3 = .4 
use 6 periods for 
initial estimate 

Even though each student had different methods for forecasting, the grading of each project was not 
that difficult. If mistakes are made on forecasting, the mistake is usually obvious. One could 
quickly see that the forecast was way off on the high side or the low side. This also limited the 
ability of one student to copy the spreadsheet of another student. Even if a student did copy another 
ones spreadsheet, they would need to make a number of changes to do the problem correctly. The 
second project was. a quality problem where the students gathered data and constructed X bar and R 
charts. As before the amount of data and how the charts were constructed varied for each student 
on the basis of the students SSN. This methodology continued to be effective in preventing students 
from using the same excel spreadsheet. · 

The class projects also helped to solve the impersonal part of having a large class. Due to the lack 
of students understanding about excel and their being unsure how to apply forecasting concepts to a 
real world problem, I h~d a large number of students come to see me during office hours. Many 
students came to see me multiple times and most students came to see me at least once. 
Realistically it is hard to get to know many students when there are this many in class, but seeing 
them individually during office hours significantly helped. 

The last significant step taken was to not rely on lectures and to frequently break the class up into 
groups to work through problems. This is often done in smaller classes and is an effective way to 
get students to participate and involved in learning the material. These same methods have continue 
to work even in large classes. It is more difficult for me to get around the class and answer students 
questions, but this actually forces them to rely more on other students. 

In addition, while the test were largely scantron on each test there were at least a couple of problems 
for the students to solve. If the problems are well structured, they can be graded in a fairly short 
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period of time. I have been unwilling to go to complete scantron tests since l believe that problems 
and short answer questions better reflect a students true knowledge. 

Summary 

At San Jose State University, large classes of at least size 60 are becoming the norm. This size of 
class makes it difficult to use higher levels of learning especially since teaching assistants are not 
available. Projects can still be structured that do not require a large amount of time to grade. Using 
a students SSN to change the problem for each student makes cheating more difficult and does not 
significantly increase the grading time per quiz. Quizzes help keep attendance up and students 
motivated to do the homework and attend class. Quizzes are particularly effective on some students 
who have not developed good study habits. Breaking the class up into groups to solve problems 
during class can still be done, but it is more difficult than with a small class. Overall, one can make 
a large class a positive learning experience for students without significantly increasing the amount 
of work for instructors. 
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The European Monetary System: 
Issues and Challenges 

By 

Dr. Merouane Lakehal-Ayat 
St. John Fisher College 

Management Department 
Rochester, NY 14618 

INTRODUCTION 

The effectiveness of any monetary system depends on the structure in which exchange rates are determined, in 
addition to how international trade and flows of capital are accommodated. No wonder that at the center of this 
single European currency is the mechanism that will allow all perspective members states to convert their national 
currencies into the new monetary unit. This mechanism, the European monetary system (EMS), shallbe the focus 
of our analysis. We shall explore the origins of EMS, and how and why it was designed, then examine the issues 
and identify the challenges it imposes on its members. The accomplishments of the integrated system - January 4, 
1999, the new currency "Euro" was launched-will shed light on the success/failure of the new currency. Finally 
the futur~ of the EMS will be explored and assessed. 

ORIGINS 

Although the European Monetary System was first introduced in 1977, the idea of setting it up began in 1952 
through the adoption of the European Coal and Steel Community. At that time, six European countries joined the 
union: Belgium, France, Germany, Italy, Luxembourg and the Netherlands. After that, in March 1957, the group of 
six signed the treaty of Rome, which gave birth to the European Economic Community (EEC). J n 1971, the Werner 
plan was· developed to coordinate the group of six monetary policies without any specific design for a single euro
currency. It was only in 1979 that the European Monetary System was established as a result of the adoption of the 
Single ·European Act. 

FRAMEWORK 

The European Commission agreed to bring the Euro through three main phases that are summarized in Exhibit A. 
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Exhibit A - Introduction of a Single Currency/ Sequence of Events 

PHASE 1 Phase 2 Phase 3 

Launch of EMU Start of EMU Single currency fully 

Introduced 

Start of the phase: Start of the phase: Start of the phase: 
,... ., .., ,., "" - ·• .... ' 

- List of participating . Member - Fixing of conversion rates - Euro notes and coins 

States - Euro becomes a currency in Introduced 

- Date of Start of EMU its own right - Banks have completed the 

announced - Monetary and exchange-rate changeover (retail business 

- Deadline for the final .. ~ policy in Euro · payment systems) 

changeover to the single - Inter bank, monetary, capital, - Notes and coins denominated 

Currency and exchange markets in Euro in national currency are 

• Setting up of the ESCB and - New government debt issued Withdrawn 

the ECB in Euro - Public and private operators 

- Start of protection of notes - Corresponding wholesale complete the changeover 

and coins payment systems in Euro - Only the Euro is used 

Throughout the phase: Throughout the phase: 

Stepping-up preparations and - Banks and financial institutions 

implementation of measures continue the changeover 

that will, if possible, have been - Public and private operators 

adopted beforehand : other than banks proceed with 

- Legal framework the changeover circumstances 

- National steering structure permitting 

- Banking and financial 

community changeover plan 

1 year maximum 3 years maximum Several weeks 

The ultimate aim of the Maastricht Treaty is to oblige all member states to meet the following four macroeconomic 
criteria: 

( 1) Price stability - the inflation rate of a given member state must not exceed by more than 1 ½ percentage points 
that of the three best performing member states in terms of price stability during the year proceeding the 
examination of the situation in that member state. 
(2) Government finances - the annual government deficit, the ratio of the annual government deficit to gross 
domestic product (GDP) must not exceed 3% at the end of the proceeding financial year. Also, government debt, 
the ratio of the gross government debt to GDP must not exceed 60% at the end of the proceeding financial year. 
(3) Exchange rates - member states must have participated in the exchange rate mechanism of the European 
monetary system without any breaks during the two years proceeding the examination of the situation and without 
severe tension. In other words, the country must not have devalued its currency on its own initiative. 
(4) Long-term interest rates - nominal interest rates must not exceed by more than 2 percentage points that of, at 
most, the three best performing member states in terms of price stability .1 
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ISSUES AND CHALLENGES 

There are some challenges that surround the European Community and the EMS, most notably the idea of a 
European Central Bank. "The ECB lacks the legitimacy or accountability that the Federal Reserve enjoys in the 
United States."2 Another challenge is that national governments will be delivered a painful prod as they tackle labor 
market flexibility. The reason is because "the tight monetary and fiscal policy and the absence of.exchange rate 
tools means that labor markets flexibility will be the safety value in macroeconomic policy-making."3 

Still, there is the issue that "some consumers may find switching from national currency units to Euro very difficult 
and may make it hard for them to assess the value of goods and services.',4 Of course this leads to a drawback 
associated with the Euro - the rule on conversion and rounding off. The rule is designed to guarantee fair 
conversion but makes for complex calculation in the international arena. There are also areas in which countries 
differ economically. These differences include "shifts in demand, preferences regarding inflation and 
unemployment, labor market institutions, growth rates, and fiscal systems. These differences will not disappear in a 
monetary union."5 In addition, to compound the matter, it seems that not all countries have an interest in giving up 
their national currencie·s -in favor of European monetary union. For example, polls in Germany have reported, that 
"average Germans are reluctant to cash in their marks for Euros. They want their currency to reflect their own 
economic values."6 

Other issues include the lax approach that has been witnessed recently within the system. For example, "the latest 
drop in the Euro, has been blamed on the decision by EU finance ministers to allow Italy to raise its budget deficit 
for 1999 from 2% to 2.4% of GDP."7 Considering the economic and cultural aspects of EMU, we can single out 
three risks. "The first, which will be most acute during the project's early years, is that economic policy in the Euro 
area will be ill-judged, leading to a recession that discredits the whole venture. The other, will remain a threat into 
the medium term, is that the system will prove too inflexible to cope with local (in the jargon, "asymmetric") 
economic shock."8 The final obstacle to overcome is unifying the national ethic of member natiorts. "Some pretty 
powerful force is needed to overcome differences of language and culture, especially when history of the federation 
has been one of conquest of one group by the other."9 This might be the most challenging issue that the EC might 
have to eventually overcome as the ride on the smooth road to integration starts to get bumpy. 

ACCOMPLISHMENTS 

With the establishment of the European Central Bank (ECB) and the architecture of the EMS, the system is in full 
gear within the eleven member states. As of March 2000, a potential 12th member, Greece has officially requested 
to join the EMS. The great accomplishment can be witnessed by the implementation of the one currency as of 
January 1999. The currency conversion of the member nations, from national to Euro is shown below. "The 
irrevocably fixed conversion rates between the Euro and the currencies of the member states adopting the Euro are: 

1 Euro = 40,3399 Belgium francs 
= 1,95583 German marks 
= 166,386 Spanish pesetas 
= 6,55957 French francs 
= 0,787564 Irish pounds 
= 1936,27 Italian lire 
= 40,3399 Luxembourg francs 
= 2,203 71 Dutch guilders 
= 13,7603 Austrian schillings 
= 200,482 Portuguese escudos 
= 5,94573 Finnish marks" 10 

Ultimately, full integration of the Euro will take place in January of 2002, with the national currencies bein.g phased 
out within a six-month window.-
One of the major accomplishments resulting from the EMS is that countries have been able to address the issues 
associated with the four convergence criteria outlined by the Maastricht Treaty: (1) inflation, (2) exchange rate 
stabil'ity, (3) long-term interest rates, and (4) government debt. All of these four criteria are inter-connected and 
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affect the exchange rate of each country's currency. Therefore, by controlling each of these factors by member 
countries, the EMS has accomplished its original goal of fixing exchange rates and bringing the EMU into life in the 
form of the Euro. 

ASSESSMENT OF THE FUTURE 

The success of the changeover to a single currency will ultimately depend, after taking into account all of the other 
factors, on public support. Although the switch will result in a radical change and will challenge people's habits, it 
will most probably bring many benefits such as elimination of costs associated with multiple currency listings, 
enhancement of price stability and transparency, ease of travel across Europe, and lowering of transfer funds costs. 
Moreover, it will stimulate employ1l_1~nt and give Europe a str<;>nger role on the world stage. Meanwhile, efforts to 
achieve convergence and develop solidarity between the member states will make for greater exchange rate stability 
in Europe, and thus preserve the smooth functioriing of the single market. 

CONCLUDING REMARKS 

The risks of not joining the EMU appear to outweigh the risks of joining. The risk perceived as being most 
prominent should countries join EMU is that they have less control over national monetary and fiscal policy. More 
risks were attached should countries not join, the foremost issues being deteriorating relations with other EU 
countries and the possibility of being less attractive to non-EU investors and reduced trade with other EU countries. 

With increased cooperation and growth, the EU may become a major economic rival to North America and Asia. 
However the future of the Euro should not be that of challenging the U.S. dollar for supremacy. Its goal should rest 
on making its structural parts (different current members) a stronger unit. The dollar is too strong and will continue 
to be the currency of international transactions. 

In conclusion, true asymmetry does not yet exist in the EMS. Its function to bring about the Euro needs to be 
admired, but more work needs to be done regarding the member states that are part of the Euro zone. Like any 
architectural work, these individual parts need to be strong in order to withstand the elements of time. • 

FOOTNOTES 

1 "Economic and Monetary Union;" http: //europa.eu.int/scadplus/pcg/en/ I rb/125012.htm 
2 "Euro;" Lionel Barber; Europe; June 1998. pg. I 0. 
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4 "EMU-background;" http: //europa.eu.int/index-en.htm 
5 "The· Economics of Monetary Integration;" The George Washington Journal of International Law and Economics; 
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9 "Playing As One;" The Economist, June 29, 1991. pg. 9. 
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TAX POLICY AND INCOME INEQUALITY -- SHARE OF TAX PAID 
RELATIVE TO INCOME SHARE IS LOWEST EVER FOR WEALTHY! 

Robert VanRegenmorter, Ph.D. 
California State University, Stanislaus 

INTRODUCTION 
_ ... the burden has been shifting to upper-income taxpayer;_ comment of Brookings Institution economist in USA 
TODAY, February 4, 1999. 

_ ... the top 2% of wage earners pay 60% of the tax;_ Rush Limbaugh comment on his March 9, 2000 talk show. 

_ ... the 8% of taxpayers who pay 62% of the income tax deserve a break;_ Representative Archer quoted in the 
February 19, 1999 issue of the Wall Street Journal. 

Despite these indicative comments indicating sympathy for the tax burden of the rich, we need not shed tears for our 
wealthiest citizens. Although it is true that a small percentage of top-income taxpayers pay a large percentage of the 
income tax, statements like those quoted above are very mislead1ng in that they ignore the share of income and 
wealth of citizens at the top end of the economic ladder. This paper presents an analysis of data from Statistics of 
Income, an annual publication of the Internal Revenue Service (IRS). The analysis shows that over the past two 
decades the wealthiest taxpayers have enjoyed a substantial decrease in their effective tax burden. 

A Perspective on the Effective Tax Burden and Income Share of the Wealthy 

The trend in the effective tax burden of different income groups is best measured by an examination of their average 
tax rates over a period of years. The average tax rate is the amount of tax actually paid per dollar ofreported 
income. For especially the wealthiest taxpayers, the average tax rate is much lower than their top rate bracket 
because of deductions and the taxation of the first batches of taxable income at the lower rate brackets. Although the 
top rate bracket is currently 39.6 percent, the most recent tax return data reported by the IRS show that in 1997 the 
average tax rate for top-income taxpayers was only 28.8 percent. In the 1950s, when the top rate bracket was 91 
percent, the average rate of tax paid by the top-income class was about 55 percent. 

IRS statistics illustrated on the accompanying graph show the dramatic decline in the effective tax burden of the 
highest-income class (taxpayers with at least $1 million ofreported income). Their average tax rate plummeted from 
4 7 .9 percent in 1980 to 31.5 percent in 1995--a 16.4 percentage points decline. Over the same period, the average 
tax rate of the median income class (for 1995 this included taxpayers with income in the $50,000 to $75,000 range) 
decreased only 2.6 percentage points -- from 14.4 percent to 11.8 percent. In 1980, the difference between the 
average rates of the two groups was 33.5 percentage points. By 1995, this difference had narrowed to 19.4 
percentage points. If it is assumed that the 33.5 percentage point difference in the average tax rates which existed in 
1980 still. was the case in 1995, about 25% of the $100.3 billion collected from the median class in 1995 would have 
been paid by the millionaire class. For the 13.6 million returns filed by the median class in 1995, this would have 
meant an average savings of approximately $1,800. Estimates for 1998 show more decline in the rate of the top 
group relative to the median group. This estimate of an additional decline reflects the greater advantage to wealthy 
taxpayers of recent decreases in the capital gains tax. 

Rich taxpayers received their big break in the 1980s when tax legislation, particularly the 1986 Tax Reform Act, 
decreased their top rate from 70 to 28 percent. As a result, their effective tax burden (average tax rate) decreased by 
23.7 percentage points between 1980 and 1990. Over the same period, the share of income enjoyed by the · 
millionaires jumped from .6 percent to 4.65 percent. In 1_980, there were only 4,410 returns reporting $1 million or 
more of income. By 1990, this number had swollen to 60,677. A disturbing parallel exists between what happened 
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jn the 1980s and similar data for the _roaring twenties._ Between 1921 and 1929 as the top rate was reduced from 
73 percent to 24 percent, the share of income for taxpayers with at least $1 million of income (note: this was $1 
million in unadjusted dollars of the 1920s) leaped from .25 percent to 4.92 percent. In 1921, there were only 21 
taxpayers reporting at least 1 million of income. By 1929, this number had soared to 513. In 1930, after the stock 
market crash of 1929, the number of millionaire returns dropped to 150, and the share of income represented by 
these returns fell to 1.98 percent. It took until 1965 for there to be as many $1 million returns as in 1929. The 
record 4.92 percent share of income the millionaires attained in 1929 was not surpassed until 1995. 

Typically, data for the top 1 percent of taxpayers or households is presented as a measure of how well the best-off 
citizens are doing in terms of their share of the tax burden, income, and wealth. Tax return data show that between 
1980 and 1990 this top percentile group of taxpayers realized an increase in their share of taxpayer income almost 
twice as large as the increase in their share of the tax burden. According to the IRS, taxpayers with income above 
$167,421 were in the top 1 percent group in 1990. Data on the share of wealth for percentile groups is scarce. The 
most recent reliable data from the Federal Reserve show that in 1989 the top 1 percent of American households held 
approximately 40 percent of the nation_s wealth -- more than double the share of wealth held by this group in the 
1970s. Since, as noted above, during the 1990s there has continued to be an increase in the income share of the 
wealthy, it is reasonable to assume that the top percentile of households now has a share of wealth significantly 
greater than the 40 percent attained by 1989. 

Top rates were increased some in 1991 and 1993; however, because of the huge tax breaks the wealthiest taxpayers 
received in the 1980s, they are still enjoying their lowest maximum tax rate since the_ Great Depression._ The 
1980s_ tax legislation resulted in the least progressive tax rates since the federal income tax was initiated in 1913. 
As a result, the nation_ s richest taxpayers have experience over the last several years their lowest ever share of the 
tax burden relative to the share of income they enjoy. 

Thinking Behind 1980s_ Rate Cuts for the Rich 

No politician would argue against the desirability of the nation having a large and economically strong middle class. 
What then was the thinking which resulted in the 1980s tax legislation, particularly the 1986 Tax Reform Act, which 

essentially eliminated progressive tax rates, and was arguably a primary cause of the dramatic increase in income 
inequality the country has experienced? 

Media reports and debate reported in the Congressional Record shed some light on why Congress acted as it did 
with regard to tax legislation in the 1980s. A major concern being expressed in the late 1970s and the early 1980s 
was that the rich were able to take advantage of _tax loopholes_ not generally available to other taxpayers. There 
was a major misconception that large numbers of high-income taxpayers were paying little, if any, income tax 
because of _loopholes._ Actually, a minuscule 4 out of 4,414 returns filed in 1980 by taxpayers reporting $1 million 
or more in income showed no tax liability. Special losses and the realization of a substantial part of income in the 
form of long-term capital gain were typical reasons a small percentage of rich taxpayers paid low or zero tax. Most 
wealthy taxpayers were paying a significant amount of federal income tax. For most years between the 1930s and 
the 1980s, the top tax rate was about 90 percent, and the average rate paid by the top-income group was generally 
above 50 percent. 

Congressmen also expressed concern during this time period with the complexity of the tax code. This led to a 
push for the elimination or phasing out of some itemized deductions such as personal interest, sales tax, and other 
miscellaneous items. Congress also became convinced that taxing capital gain the same as ordinary income would 
make it easier to work with the tax law in that the incentive for taxpayers to engage in complicated strategies to 
realize their income in the form of long-term capital gain would be eliminated. 

The result of 1980s thinking on tax policy was the convoluted 1986 Tax Reform Act. This legislation changed a 
complex but relatively workable and investment friendly tax code into a mind-boggling mess of passive loss limits, 
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expanded minimum tax rules, phase outs, and other provisions supposedly intended to limit the effect of perceived 
_loopholes_ for the rich. The tax incentive oflong-tenn capital gain was eliminated by increasing the tax rate on 
such income so that it equaled the rate on ordinary income such as salaries, interest, and dividends. It was 
apparently irrelevant that many of the so called _loopholes_ and the special rate for capital gain had_- been part of the 
tax law for most of its existence, and that they had been deliberately enacted as investment incentives. Over the 
years, the incentives had not only benefited the wealthy, but had also encouraged many middle class taxpayers to 
make investments. 

Tax cuts in the 1980s are frequently cited as the reason for today_s strong economy. Data do not support this 
contention. The Statistical Abstract of the United States reports gross private domestic investment in terms of 
constant 1987 dollars was essentially the same in 1990 as in 1985. One explanation for this is the equalizing of the 
capital gain and ordinary income rates in 1986. This eliminated the rate differential incentive to invest and realize 
long-term capital gain· instead of ordinary income. Data relating to the nature of income reported by high-income 
taxpayers for years following enactment of the 86 Act show that these taxpayers acted rationally. In response to the 
elimination of the rate incentive for capital gain, they apparently managed their affairs so that a much higher 
percentage of their income was realized as ordinary salary income. It appears that the tax rate changes of the 1980s 
contributed to the very high CEO salaries witnessed after passage of the 86 Tax Act. With the tax rate on capital 
gain and ordinary income both at 28 percent, it made sense for many top executives to receive high current salaries 
and pay the tax. The rate increases in. 1991 and 1993 on ordinary salary income, and the recent decrease in the 
capital gain i:ate have restored a rate incentive for investment. Its these recent tax changes that are probably 
responsible for the pick up in investment and the strong economy in the last half of the 1990s. 

Implication for a Flat Tax 

The effect of the flattening of the rate structure under the 1986 Tax Act on the distribution of the tax burden and 
income inequality suggests there is reason to be concerned about flat tax proposals. Under the 86 Act, the number 
of tax brackets was reduced from fifteen to two. Because the lower bracket (15 percent) was phased out as income 
reached a certain level, higher income taxpayers essentially experienced a flat rate equal to the top bracket (28 
percent). Since top-income taxpayers currently pay on average about 29 percent and median income taxpayers pay 
about 12 percent, the commonly proposed 17 percent flat tax would result in a shift of the effective tax burden from 
the wealthy to other taxpayers at least equal to the shift which resulted from the 1986 tax cut. Most likely, the tax 
burden shift would be much larger since the proposed plans would not tax interest, dividends, or capital gain -- the 
type of income which currently constitutes a large part of the tax base of wealthy taxpayers. 

Final Thought 

There has beert shift of the effective tax burden from the rich, not to them as stated in the quote from USA TODAY. 
Top;..income taxpayers have been by far the principal beneficiaries of rate cuts in recent years. The 28.8 percent 
average rate experienced by the millionaire class in 1997 is about half what they paid on average in the 1950s. Most 
other Americans pay close to the same percent of their income in income tax today as in 1980. At a time when the 
increase in income inequality is becoming more of a concern, it is unsettling that the media frequently reports 
misleading information overstating the tax misery of the rich. The amount and distribution of income tax cuts 
continues to be a major political issue. To the extent the politicians responsible for changing our tax law are 
influenced by reports overstating the effective tax burden of the rich, the pressure will increase for a flatter tax which 
will primarily benefit the _wealthy. It is clear from the data presented in this paper that an increase in income 
inequality results from tax cuts which flatten or compress the rate structure .. 
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Rapid Prototype Complex-Shaped Parts· Using Laser Scanned Data 

Keith McIntosh, Joe G. Chow, Kho.kiat Kengskool, and Shih-Ming Lee 
Department of Industrial and Systems Engineering 

Florida International University 
Miami, FL 33199 

1. Introduction 

Producing replacement parts accurately and quickly for current fighter airplanes that were made many years ago has 
presented a challenge for the US Air Force Engineers. Although blueprint data for these parts are still available, the 
CAD data is rarely provided. This means that in order to produce replacement parts, it would be necessary for a 
CAD modeler to create a 3-D model from the available blueprints first. Upon the completion of the model, CAM 
software interfaced with a 5-axis CNC machine is then used to produce a prototype. The Air Force'·s current 
prototyping operations for the replacement parts are summarized in Figure 1. 

Part Data 
(Blueprints) 

CAD Modeler 
(Computer 
Vision CAD 
Software) 

CAD Model Machining 
(5-Axis CNC 

Machine) 

No 
(Reiterate Process) 

Prototype 
Accuracy Check 
(CMM used To 
Measure Part) 

Yes 
(Functional Prototype) 

Figure 1. Current Air Force Replacement Parts Prototyping Operation 

This practice works very well for simple parts. However, for a very complex part such as an F-15's canopy fitting 
shown in Figure 2, it suffers from two drawbacks. Firstly, it requires a highly skilled CAD modeler and takes a long 
time to create a CAD model. The second drawback is that once the model is created, it is difficult to verify it on the 
computer screen. To check the model's accuracy, the Air Force personnel will need to use CAM software to 
generate CNC part programs and then machine a prototype using a 5-axis machine tool. If the machined part is not 
accurate enough, the CAD model will be modified and then another prototype will be machined. Production of an 
accurate replacement part for an F-15 canopy fitting typically requires several months' efforts as a result of time 
consuming model creation and several iterations of machining operations. 
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Figure 2. F-15's Canopy Fitting (A Sample Part) 
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This project was aimed to significantly reduce the Air Force' current spare parts manufacturing time and costs. Two 
new commercial technologies, laser-based reverse engineering and rapid prototyping, (RP) have been investigated 
for this purpose. The laser-based reverse engineering technique allows one to create a CAD model based on the 
point data created by a laser scanner. Since all the dimensions of the original part have been captured in the 3-D 
point model, the model creation time and modeler's skill level can be dramatically reduced. When the CAD model 
is created, the rapid prototyping technology is employed to check the accuracy of the model by measuring the 
physical parts it produces. The accuracy of these RP parts will indicate the expected accuracy if the part was to be 
prototyped using CNC machining. In knowing the expected accuracy before actually machining the part, the number 
of machining iterations can be significantly reduced with corresponding time and cost savings. The flow chart of 
this new procedure is displayed in the }:igure 3. 

Part data 
Scanning process points 

------ (Part is laser scanned tr.t----~ 
Original part obtain data points) 

Reverse Engineering 
Software 

(Converts data points to CAD 
file format) . (canopy forward 

fitting) 

No 
(Process repeated ) 

CAD Solid Modeler 
(Generates solid model and 
converts file into stl format). 

stl file of part 

Plastic prototype 

RP Process 
(SL & FDM) 

Measuring 
(Dimensional accuracy and 

tolerances checked with a CMM). 

Plastic prototype 

Yes 

Machining 
(Machining done on a CNC 5------

axis machining center) Functional 
prototype of 

part 

Figure 3. The new prototyping procedure that incorporated laser-based reverse engineering 
and rapid prototyping technologies 
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2. Experimental Design and Procedure 

The process of generating a solid model from part blueprints can be very tedious and time consuming, especially for 
complex parts. Laser scanning and reverse engineering software provide a much quicker way of obtaining the data 
required to produce a solid model of the part. One of the objective of this study was to determine if laser scanning, 
when applied to a complex part such as F-15's canopy fitting, is capable of creating an accurate 3-DCAD model. 

In this experiment, a . canopy fitting was first scanned using a high-speed, high-accuracy Hymarc scanner. The 
scanning was performed in two setups and the point cloud data obtained in each setup were merged into a complete 
point cloud for the entire part. This point cloud was transferred into commercial reverse engineering software, 
Surfacer, for model creation. The points located on the boundaries of a particular geometric feature were first 
identified and connected into four intersecting boundary curves. These boundary curves along with the enclosed 
area, in tum, were converted into a surface patch. This procedure was continued until a complete surface model was 
obtained. Surface modification and analysis tools provided by Surfacer software were used to ensure a smooth, 
continuous surface to improve model quality. Following the model creation, an STL file suitable for rapid 
prototyping was produced. 

Rapid prototyping is the process of creating a three dimensional physical prototype from two dimensional cross 
sectional data. A surface or solid model must be produced. However a solid model is preferred as it represents a 
closed volume, hence no voids or overlapping of surfaces typical of surface models are presented. By using the RP 
technology and the STL file (a solid_ model) for the part, a plastic replica of the part can be produced and its 
accuracy checked. If the accuracy for these plastic prototypes meets or exceeds the required tolerances, it would be a 
very good indication that a machined counterpart will be even more accurate since the machining has been known to 
be more accurate than rapid prototyping. 

While there are various RP systems available on the market, this project focused on the two most popular 
techniques: Stereolithography (SLA) and Fused Deposition Modeling (FDM) techniques. Much of the RP 

_ technology today has been applied to the automobile, medical tooling, electronics, computing and the aerospace 
industries [I]. However, its application in relation to complex aircraft structural components with intricate 
geometries such as the canopy fitting is rare. The project used the above-mentioned RP techniques to determine if 
they can be applied successfully to this type of components. The project also compared the tolerances and accuracy 
of the prototypes made by SLA and FDM to determine which of the two processes is better for the application. 

An experiment was designed for both SLA and FDM machines. Although many process variables are considered to 
be potentially important in building the part, only a few are really significant. For the SLA process, the four main 
factors that were included in the design are layer thickness, depth of overcure, hatch spacing and part build 
orientation, all at two levels as shown in Table 1. The four variables for FDM, displayed in Table 2, are slice 
interval, road width, support structure and part build orientation. Due to the impracticality of conducting a series of 
test to consider all these factors to the full extent, a i(4

•
1
> fractional factorial design with a resolution 111 (a ½ 

replicate of four designs in eight runs [2]) was developed. A total of sixteen experiments were developed to fully 
validate the results; two sets of eight experiments using scan data on both the SLA and FDM machines, respectively. 

3. Results -and Analysis 

After the parts were built, measuring 20 key dimensions of a canopy fitting using a dial caliper were made on each 
part. Each of the 20 dimensions was measured 5 times to reduce any possible error in measurement. For the 16 
experiments conducted on. the SL and FDM machines, a total of sixteen hundred measurements were taken. The 
experimental results are summarized in Tables 3 and 4, respectively. 
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Build Style Variables Low Value (-1) High Value (+l) 

Layer thickness 0.004 0.012 

Depth of overcure 0.007 0.010 

Hatch spacing 0.004 0.008 

Part build orientation Horizontal Vertical 

Table 1. Experiment Settings for SLA Process Variables 

Build Style variables Low Value (-1) High Value (+1) 

Slice interval 0.007in 0.012in 

Road width 0.012in 0.030in 

Support structure Medium Maximum 

Part build orientation Horizontal Vertical 

Table 2. Experiment Settings for FDM Process Variables 

Experiment Layer Depth of Hatch Orientation Standard Deviation (in 
No. Thickness Overcure Spacing inch) 
1 0.004 0.007 0.004 Vertical 0.0073 
2 0.012 0.007 0.004 Horizontal 0.0097 
3 0.004 0.010 0.004 Horizontal 0.0112 
4 0.012 0.010 0.004 Vertical 0.0096 
5 0.004 0.007 0.008 Vertical 0.0077 
6 0.012 0.007 0.008 Horizontal 0.0085 
7 0.004 0.010 0.008 Horizontal 0.0066 

8 0.012 0.010 0.008 Vertical 0.0075 
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Table 3. Results of SLA Experiments 

Experiment Slice Roads Support Orientation Standard Deviation (in 
No. Interval Structure inch) 
1 0.007 0.o18 Medium Vertical 0.0081 
2 0.012 0.o18 Medium Horizontal 0.0066 
3 0.007 0.010 Medium Horizontal 0.0127 
4 0.012 0.010 Medium Vertical 0.0165 .... 
5 0.007 0.o18 Maximum Vertical 0.0110 
6 0.012 0.018 Maximum Horizontal 0.0038 
7 0.007 0.010 Maximum Horizontal 0.0085 
8 0.012 0.010 Maximum Vertical 0.0134 

Table 4. Results of FDM Experiments 

Factorial experimental results showed that the dimensions of the most accurate part from each of the RP technology 
(Experiment No. 7 for SLA and No. 6 for FDM) were within the required tolerance level of 0.010" for F-15,s 
canopy fitting. To supplement the manual inspection, the two most accurate RP parts were form fitted to an actual F-
15 canopy and test fixture at Robins Air Force Base in GA. It was found that both parts were assembled to the F-15 
canopy in an exact fit, verifying the accuracy of the duplicated parts (and thus also of the reconstructed CAD 
model). 

In addition to quantifying the errors created in this new prototyping process, the length of time requir~d to complete 
each step in the process was also recorded. Table 5 shows the time saving that can be achieved. 

Process Laser-based reverse engineering Air Force,s Current Practice 
and rapid prototype 

CAD Model Creation 50 hours 120 hours 
(10 hours for scanning and editing, 
40 hours for model reconstruction) 

CAD Modei Verification One machining iteration Several machining iterations 

Table 5. Time saving for the new proposed procedure 

4. Conclusion 

This study d.emonstrated that a prototyping procedure that incorporated both the laser-based reverse engineering and 
rapid prototyping technologies can meet the accuracy requirement for aircraft structural components while offering a 
potential of reducing the part tum around time. The more complicated the shape of the component is, the greater the 
reduction in the tum-around time will be. It also demonstrated the FDM rapid prototyping technology would 
produce more accurate parts_ than the SLA technology for complex-shaped part like F-15's canopy fitting. 
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The ever increasingly global competition has driven companies to outsource the development or operations of 
information technology and information systems (IT/IS) either partially or entirely, either domestically or 
internationally, in an effort to acquire economic, technological, and strategic advantages. This paper presents a 
comprehensive framework to help managers of both · global outsourcing firms and foreign outsourcing 
providers to fully understand and evaluate the expectations, considerations and implications of global IT /IS 
outsourcing, so that they can form a successful long-term strategic alliance. The proposed framework covers 
four basic dimensions of global IT/IS outsourcing, including global outsourcing strategy, global IT platforms, 
global data sharing, and global cultural environment. 

1. Introduction 

Globalization has been a major driving force of world economy in the past decade [21]. While the 
global market offers unprecedented opportunities for businesses to grow rapidly, it also presents more 
challenges to business managers. Of special importance is the challenge of effectively managing global 
information resources to achieve competidve advantage. Because most of today's businesses rely heavily on 
information systems to communicate and collaborate on a global scale, the successful implementation of a 
global information system (GIS) that supports worldwide communication and data sharing will be very critical. 
Unfortunately, implementing GIS usually requires significant investment and often involves many geographical 
and cultural barriers. Firms may find it more advantageous to outsource their global IT /IS functions to sonie 
foreign vendors. 

"IT/IS outsourcing" can be broadly defined as the practice of turning over part or all of an 
organization's IT/IS functions to external service providers [20]. Thus the term "global IT/IS outsourcing" 
refers to the business practice of looking outside of the firm for foreign venders capable of performing or sub
contracting various IT /IS functions. While "IT /IS outsourcing" has been widely addressed by several authors 
[18][16][20], the issue of"global IT/IS outsourcing" has not received same research attention due to its unique 
quality of involving foreign vendors at remote geographic locations under largely different cultural settings. 
IT/IS development is extremely high-cost, labor-intensive, and skill-intensive. It also faces rapid change of 
technology. This makes it even more difficult to find a truly competent and reliable foreign service provider. 
Global outsourcing firms must establish realistic expectations and recognize all constraints and risks so as to 
make a wise decision. On the other hand, in order to capture the outsourcing opportunities and maintain long-
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term relationships, foreign vendors also need to understand the global outsourcing expectations and decision 
processes. 

The purpose of this paper is to provide a comprehensive framework for both the global outsourcing 
firms and outsourcing providers to fully understand and evaluate the expectations, considerations and 
implications of global IT /IS outsourcing, so that they can form a successful long-term strategic alliance. 

Ives and Jarvenpaa ( 1991) proposed that global IT management has four primary dimensions, 
including (1) forming an appropriate global IT strategy, (2) using proper global IT platforms, (3) managing 
international data sharing, and (4) surviving the cultural environment. These four dimensi0ns will become the 
frame of reference for our discussions in this paper. 

2. Global IT Outsourcing Strategy 

Expectations. In the past, firms mostly adopt a global strategy that gave foreign subsidiaries 
considerable autonomy [22]. These autonomous units are easier to set up and maintain, but lack control of 
operational costs. There's also a severe problem of system compatibility and data redundancy. Recently, with 
the increasing power and speed of information technology, firms have started to pursue a globally integrative 
strategy that seeks to maximize global interconnectivity and data sharing through GIS. 

However, the implementation of GIS requires very · high degree of technical expertise and cultural 
awareness, thus many firms have decided to outsource part or all of its IT /IS function to foreign vendors. For 
example, Massachusetts Blue Cross and Blue Shield's decision to outsource to EDS was driven by the failure 
of three major systems development projects with losses in the tens of millions of dollars. Similarly, a Brazil 
bank's interest in global outsourcing came after a one-day total collapse of its ATM network, caused by faculty, 
internally designed software patches [8]. 

One of the benefits of developing collaborations with foreign partners is the potential for emergence 
of innovative opportunities. A vendor may find ways to improve the very nature of the IT/IS activity or its 
service. In addition, dealing with a specialized vendor may create market opportunities or partnered join
ventures. Some outsourced products or service can be tailored and marketed locally [4]. But to maintain a high 
level of system . integration and fully realize the GIS benefits, proper global outsourcing strategy and 
outsourcing partners have to be carefully considered. 

Considerations. Case studies showed that finns most disappointed with outsourcing usually followed 
a total outsourcing strategy ( outsource the entire IT /IS function at one shot), whereas firms most pleased with 
outsourcing generally pursued a more controllable selective or progressive outsourcing strategy [19]. Usually, 
decisions of global outsourcing involve a serious of studies on an enterprise's competitive strategy and 
relationships among its various activities performed. Some activities and products are eliminated immediately 
as candidates for outsourcing, either because the product cannot be contracted outside.or because the enterprise 
must control the activity or the product to maintain its competitive position. A high-technology research facility 
would not be able to outsource its core technology due to the highly classified nature of work. For instance, 
Hewlett-Packard carefully controls the software for a laser printer it co-manufactures with other foreign 
companies, thereby preventing its partners from replicating the LaserJet technology for their own benefit [8]. 

For those activities or products eligible for outsourcing, the key strategic factor is whether the 
enterprise can rely on the outsourced services or products on a level comparable with the best in the world. 
Reliability measurement can be used to capture these critical success factors for the availability, timeliness, 
.flexibility, quality, and the cost reduction. Measures are then benchmarked against the results of analysis on 
potential outsourcers that off er similar services or products in the marketplace. If the firm's performance does 
not stand up to the external measures, a determination should be made whether the firm can achieve a world
class level of delivery. Failure to meet reliability measurement usually forces top management to find other 
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ways of achieving reliability. To reiterate, the outsourcing decision concentrates on the core services and 
products that are reliable to enhance their unique marke_tplace advantage. 

Implications. Due to the nature . of uncertainties and difficulties in global outsourcing business, it 
would be more practical for foreign outsourcing vendor to start bidding on outsourcing contracts at a lower 
level. For example, at beginning, try to avoid those contracts that require extensive system analysis. Therefore, 
the contracts such as data entry and system software development might be the appropriate projects to start 
with. Bidding on higher-level contracts can be easier once the credibility is established in terms of the quality, 
reliability and effectiveness of the lower level products. On-site development might also be the type of projects 
foreign contractors or suppliers should try first to enter global market. It involves the transfer of skilled labors 
to work on the client site. This way both clients and supp Hers can have better. control on the uncertainties 
during the development. 

3. Global IT Platform 

Expectations. The concept of global IT platform not only involves important technical decisions on 
hardware and software selection, but also includes proper utilization of IT human resources. Th~ common 
expectations of a successful global IT platform include: 

Manpower and skill advantages: One common problem for many companies is the dearth of 
available professionals with key technical skills. Global outsourcing helps firms to deal with the shortage of 
skillful workers. According to a study by the Information Technology Association of America (IT AA), there 
are nearly 190,000 IT job_s standing vacant in U.S. companies, and the annual production of qualified IT 
graduates from U.S. colleges is less than 40,000 [2]. As the result, a bidding war for IT professionals could eat 
into corporate earnings and stunt growth. The demand for skillful workers stem from the fact that IT /IS projects 
are high-cost, labor-intensive and have to been done in timely fashion. · 

Technical and cost advantages: Technology changes require continual retrain of IT/IS staff and 
become increasingly difficult for companies to keep up with when they try to focus on the core business. 
Financial concern is one of the reasons for global outsourcing activities. The fast progress of information 
technology has the effect of rapidly making IT /IS skill obsolete and creating IT /IS skills shortage. IT /IS staffs of 
most companies, naturally limited in size and financial constraints, cannot keep up with rapidly changing IT 
fields. An IT/IS staff with da_ily responsibility to perform can most likely not remain with all the updates in their 
fields [8] . On the other hand, various IT outsourcers can provide a greater range and depth of trained personnel 
from global resources. Even in the case where in-house personnel are capable of performing a given task, 
outsourcing often provides a more cost-effective means of performing that task. Statistics show that coding and 
installation cost usually have more competitive sources of labor and technical expertise [3]. For the same 
project, a U.S. programmer will be likely paid six times more than an Indian programmer [13]. 

Considerations. Although a global IT platform can expect to achieve these wonderful benefits, the 
Uncertainties and risks associated with it cannot be underestimated. 

Government regulations and restrictions: This is very important because many foreign clients would 
not realize that some domains in a developing country are out of the question for the foreign control. For 
instance, a country's telecommunication is the market that many foreign companies want to step into. In China, 
for example, standing in the foreigners' way is the Ministry of Posts and Telecommunications (MPT), the arm 
of the central government responsible for telecommunications development. The MPT has adamantly refused 
to allow foreign firms to operate local networks. Foreign involvement has been restricted to sales of hardware 
and switching equipment (high-technology items that China can not yet produce on its own) or to joint venture 
to manufacture these products. However, rapidly changing technologies have allowed some Western firms to 
nibble away at the edges ofM>T monopoly [14]. 
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Uncertainty in system development life cycle: IT/IS operations and development have always been 
inherently uncertain. This uncertainty can be more significant if the project is developed overseas. Foreign 
clients may be not sure of their needs, employed technology may be not mature, business requirements change, 
and implementation may be full of surprises. The developmental constraints may demand rigid time and budget 
controls. These can yield a product that does not achieve the expected potential or can create user-developer 
conflict [ 4]. Local outsourcers should be alert to the contracts that are set in concrete. It would be very helpful 
if local outsourcers get valuable advice from international consulting firms that specializes outsourcing 
contracts. This includes the advice on contract negotiation, reviews on agreements, and fea_~ibility analysis. In 
reality, short-term contracts may attract cost premiums, and contract variation clauses may not foresee . all the 
uncertainties. In most cases, the development of a new system may take longer than it expected [12], as 
business requirements are changing. Looking for flexibility will be better than specifying tight performance 
contracts with penalty clauses, followed by litigation. 

Hardware and software prices: Some companies reported problems with high hardware and software 
prices at foreign subsidiary locations due to local monopoly. For example, U.S. companies in Japan usually 
have to pay twice the price to local distributors for hardware and software purchases [ 15]. 

Implications. To be a successful candidate of the outsourcer, an outsourcing provider should 
convince the foreign clients or partners that they can provide the service accommodating the factors discussed 
in above section very well. The local IT /IS society should try to alleviate as much business restrictions 
conflicting foreign client's interests as possible, meanwhile try to clearly state which domains are not allowed 
for foreigners to step in at first place. In addition, the local outsourcers should also demonstrate that they could 
be very competitive in not only labor cost but also in the following strategic aspects: · 

Technical expertise: An outsourcing contractor should show that a world-class expertise could be 
expected. This expertise will employ the most appropriate technology and innovations to deliver whatever is 
contracted. By outsourcing non-critical activities, a foreign firm can gain by sharing the vendor's expertise and 
economies of scale. The cost of these state-of-the-art processes then can be shared, thus providing customers 
with technology they otherwise may not have been able to afford. A developing country may not lack of highly 
skillful professionals and world-class expertise, especially in software industry. The challenge is how to present 
and market these expertises to the foreign clients. The international outsourcing consulting firms are very 
efficient resources to bridge the local contractors and foreign clients [ 4]. 

Flexibility: A local outsourcer should demonstrate that outsourced IT/IS products or services have the 
advantage of not being tied to past investments. Particularly in fast-changing industries, a firm's survival may 
depend on its achieving the best in components and service necessary to compete. If a vendor fails to maintain 
its position of service supremacy, the buyer has the option to look for a competing source. The outsourcers 
should also show their flexibility of adapting to any changes during the development. The outsourcer can utilize 
various IT /IS resources to provide a variety of alternative solutions with the high quality of skills, management, 
technology, and service know-how. In today's dynamic market, no any company can excel in all these areas. 
Linking the destiny to a single supplier prevents a company from taking advantage of the many innovative, high 
quality technologies and services offered by others in the market. 

4. International Data Sharing 
Expectations. International data sharing that minimizes data redundancy and improves operational 

efficiency has been an important objective of many global outsourcing firms. The transborder data flows (TDF) 
_include four basic types: I) Operational data, 2) Personnel data, 3) electronic transfer of money, and 4) 
technical and scientific data. All these data are necessary for the operation of a foreign subsidiary, but TDF are 
often subject to local laws and legislations. Unexpected difficulties of transborder data sharing may arise. 
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Considerations. Some of the common concerns in TDF include: 

Global data standard: In a global information system, data from different foreign locations are often 
accessed and consolidated. This requires a well-defined and highly compatible global data standard to ensure 
global data sharing. 

Trans border personnel data flows: · Many countries have extended their privacy laws to prevent the 
transborder personnel data flows. This created tremendous problems for global human resource planning and 
control which may hamper or completely stall a company's important operations (23]. 

Intellectual property rights: Fundamental intellectual property rights in developing countries are 
relatively weak. Intellectual property protection such as trademarks and copyrights is necessity for outsourcing 
activity. Digital recording technology helps making nearly perfect copies of the popular recordings. 

Legal uncertainty: Other concerns to global data sharing in developing countries arise from 
shortcomings in their still primitive legal system, which is rarely able to cope-with the major disputes that arise 
between companies and government ., or simply between companies. The lack of "transpar~ncy'' in the 
labyrinth of local regulations is especially discouraging to foreign firms trying to do business in developing 
countries. Western businesses find that many rules and regulations are not published or undergoing changes 
without earlier warning. 

Implications. In response to the sharp criticism from Western countries, many developing countries 
have tried to enforce the legal systems. The administration of law is increasingly being pushed down to the . 
level of provincial and cify court systems. The crackdown on distributions of pirated products showed the local 
government's determination to overcome the country's weakness. A developing country must ensure the 
foreign clients that the final and intermediate product from the outsourcing activities, and all materials utilized 
in these activities are protected by contracts and related laws. An agreement on the responsibility of protecting 
intellectual property in the outsourcing process should be made. 

5. Global Cultural Environment 

Expectations. It has always been acknowledged that doing business in a foreign country can be both 
risky and rewarding. This is especially the case in many developing countries that have distinct culture and 
social background from Western countries, ·where everything seems to be on a huge scale - including the 
culture challenges and market opportunities that attract foreign businesses. 

Considerations. The cultural difficulties are numerous, starting with the tremendous differences in 
language, customs, and even the pace of daily life. The obstacles are compounded by sharp divergence from 
Western social and political systems. 

Communication barriers: The language problems in an international collaboration cannot be ignored. 
A survey shows that the foreign language proficiency, skills of communication, and knowledge of foreign 
culture are valued highly in international business (3]. Especially, if the official language is not English, the 
culture differences yield a great negative impact in bidding on foreign contracts. For example, the Chinese 
IT/IS outsourcers are far behind their neighbor India who attracts more than a billion dollars of IT/IS contracts 
every year [2]. One of the reasons is that many foreign entrepreneurs see more culture and language obstacles 
in outsourcing in China than in India. 

The language barriers can be exacerbated by the lack of interpreters who can translate both technical 
terms and more colloquial language. Efficient and effective communication is essential in global outsourcing. 
The language problem can be fatal in system analysis and design, especially for developing application
oriented products. It is very necessary that local professionals participating in foreign contract be proficient in 
English. Regular English training related to the field ofIT /IS can be a critical factor in bidding contracts. 
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As companies have expanded into global markets, accessing local language and communication is 
usually best done through an outsourcing engagement. For example, a major manufacturer expanding into 
India and China used an outsourcing engagementto establish internal audit coverage over the location [l]. 
Using local staff from a Big Six firm, the company was able to implement the operations faster and more 
cheaply than if it had tried to set up in-house internal audit functions in those locations. · 

Cultural differences: The importance of the sensitive cultural interface between the company and the 
outsourcers cannot be underestimated [9]. Cultural differences can present problems in ou~ 9urcing business in 
developing countries. These include complicated employer-employee relationship. Employees may be not only 
evaluated and assigned tasks based on their job skills. Some other factors such as seniority, personal 
relationship to authority, socialism principles are also playing an important role in job assignment. Personal 
contact between the local employee and foreign employer may be also culturally or politically sensitive. Such 
cultural differences are daunting to many foreigners, especially when governmental regulations involved. For 
example, some local governments sharply limiting the Internet-based information exchange activities, 
forbidding any engagement in unauthorized activities or ones financed from overseas. 

Implications. To reduce the risk factors for foreign clients, an outsourcing provider country should be 
able to address the above issues that puzzled most foreign investors and outsourcing clients. Providing a stable 
political environment for foreign investment is very important to keep foreign investments and contracts 
continually flowed into a developing country. The political uncertainty is not under the control of local IT /IS 
society. flowever, it is local society's responsibility to advice foreign client to accommodate the political 
environment. This advice can be helpful when political stability is tested due to volatile economy, or various 
transitions taking place such as changing government, new release of policies and laws. Giving useful and 
timely advice to the foreign clients also helps establishing local contractors' credibility and the faith of the 
clients in the outsourcing contractor. · 

6. CONCLUSIONS 

Global IT /IS outsourcing has attracted much attention in recent years. It creates strategic advantages 
for outsourcing firm mainly due to access high skilled labor at low cost and potential market opportunities. It 
also provides beneficial opportunities for IT /IS society in outsourcing provider countries, usually developing 
countries to make hard currency and facilitate the modernization progress with the state-of-art technology and 
management. This paper presents a comprehensive framework to help managers of both global outsourcing 
firms and foreign outsourcing providers to fully understand and evaluate the expectations, considerations and 
implications of global IT/IS outsourcing, so that they can form a successful long-term strategic alliance. Like 
any activity management, global outsourcing agreements should always reflect the mutual interests. On one 
hand, an outsourcing firm always expects to maximize flexibility and control so that it can pursue different 
options as it_ learns more or as its circumstances change. On the other hand, while demonstrating its technical 
expertise, an outsourcing provider could try to sign short-term or progressive contracts that are desirable for 
both sides· by offering maximum flexibility and minimum risk. 
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The Global Village: A Melting Pot or Swirling Stew? 
A Study oflnstrumental Values of Future Managers From Six Cultures 

Kamel Mellahi, Coventry Business. School, Coventry University, UK 

ABSTRACT 
A small but growing body of research provides evidence to suggest that the importance of national culture in cross 
cultural management is diminishing and suggests that the world is moving towards a single, global management 
culture that is basically western, and more specifically American. The primary objective of the present research is to 
test this hypothesis by examining values held by future managers from six different cultures. The Krusal-Walis One 
Way ANOVA and the Mann-Whitney tests show that future managers from different cultural backgrounds will 
neither adopt a mirror image of current management style in the~r cultures nor a. global unified management style 
regardless of local culture. · · 

INTRODUCTION 
Over the years, a large body of research has provided evidence to suggest that management values significantly 
differ across cultures and that culture is the primary force in shaping management values and attitudes within a 
culture (for example, Trompenaars 1994, Hofsted 1991,1980, Adler 1991). However, recently, the cultural approach 
has been questioned. A growing body of research seems to indicate that the importance of national culture in cross 
cultural management is diminishing and suggests that the world is moving towards a single, global management 
culture that is basically western, and more specifically American. It argues that the global similarities in the 
socialization process (Werther 1996) and, in the global business environment are reinforcing a global uniform 
environment which is leading to the homogenization of managerial values across cultures, particularly, among the 
young generation. This argument is based on the observation that the young generation irrespective of cultural 
background, are subjected to the same socialization process in the current global village (Hannerz 1990). Hannerz 
(1990) notes that a global culture is emerging as a result of the increasing interconnectedness of varied local cultures 
as well as through the development of cultures without a clear anchorage in any one-territory. This has risen, it is 
argued, primarily from increased modernization characterized by industrialization, urbanization and increased levels 
of literacy. Wherther (1996) argues that this trend is producing a melting pot of values leading to "the emergence of 
the global human condition"(Robertson 1987, p. 23). It is implicit in this observation that national culture is playing 
a less significant role in the formation of values of future managers. Thus, young managers, regardless of their 
national culture, converge to a shared set of global work and managerial values and attitudes. 

Nevertheless, the global youth convergence hypothesis is based mainly on anecdotal evidence and lacks substantive 
evidence derived from systematic research. Accordingly, the aim of the present research is to test the new 
convergence hypothesis by examining values held by young MBA graduates from six different cultures, namely: the 
United Kingdom (UK), France, India, Arab, African, and Far Eastern countries. More specifically, this research 
seeks to answer the following question: Do MBA graduates from different cultures espouse similar values?. An 
affirmative answer would provide credence to the argument that, in the future, transnational organisations will be 
able to have a seamless or borderless global corporate culture. 

MBA graduates are an appropriate sample to investigate values of future managers across cultures. First, most MBA 
graduates are the future managers. Second, most values are formed in the early years of people's life and entrenched 
during the early twenties (Thompson and Thompson, 1990). Therefore, MBA graduates' current values are the 
values that guide and influence their attitudes and behavior in the future. Thus, studying a group such as MBA 
graduates allows demographic homogeneity by using similar age groups and education background, and so enables 
the comparison of like with like across cultures. 

THEORETICAL FRAMEWORK 
Several approaches have been used to conceptualize and measure values. One of the early and most cited instrument 
is the thirty six value items developed by Rokeach (1973). It aims to explain patterns of human values and the role 
of such values in predicting individual behaviors and attitudes. Rokeach identifies two dimensions of values. 
Terminal values which are "end-states of existence" and instrumental values which are "modes of conduct". He 
further divides .instrumental values to moral and competence values. Moral values tend to "have an interpersonal 
focus which, when violated, arouse pangs of conscience or feeling of guilt for wrongdoing" (Rokeach, 1973, p. 8), 
while competence values "have a personal rather than interpersonal focus and do not seem to be especially 
concerned with morality" (Rokeach 1973, p. 8). Weber's (1990) empirical study using Rokeach's instrumental 
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values, classified being ambitious, capable, imaginative, independent, intellectual, logical and responsible as 
competence values, while characterising, being cheerful, clean, courageous, forgiving, helpful, honest, loving, 
obedient and polite as moral values. Weber (1993) argues that while individuals espousing competence values are 
guided by a quest for personal success, accomplishment and achievement, individuals preferring moral values as 
guiding principles would seek to adhere to societal norms and principles to achieve social order and harmony. In the 
latter case, according to Weber (1993), the manager will be more inclined to utilize moral and social.principles to 
achieve social harmony and loyalty rather than pursue actions that would lead exclusively to personal or 
organizational achievement or accomplishment. By juxtaposing Weber's empirical classification of values and other 
research using the individualism-collectivism construct to classify values (see for example Abraham 1998), it seems 
clear that individuals in individualistic society put more emphasis on competence values, whereas, individuals from 
collectivist cultures espouse moral values. In an individualistic culture where individuals' goals and objectives have 
primacy over social and ingroup goals, individuals are expected to adhere to values such as ambitious, capable, 
intellectual, imaginative and independent to achieve individual success. In collectivist culture, however, behavior are 
more driven by social norms, duties and obligations to the ingroup, thus collectivist cultures put strong emphasis on 
the following instrumental values; cooperation, harmony, cheerful, forgiving, helpful, loving, obedient and polite 
(Abraham 1998). 

MANAGERIAL VALUES IN FRANCE, UK, ARAB, INDIA, FAR EAST AND AFRICA 
The six cultures selected for the study provide the cultural diversity needed to test the convergence hypothesis. They 
represent two extremes. The first is the French and UK- cultures which are individualistic cultures (Hofstede 1980) 
hare several commonalties (Calori and.deWoot 1994, Calori and Steele and Yoneyama 1995). They are 
characterized by values such as autonomy, ambitious and individual financial security, with strong emphasis on 
achievement and individual initiative (Lawrance 1992). However, the two countries do differ (Lawrance 1992). The 
second extreme is the Far Eastern, Indian, Arab and African cultures; collectivist cultures where managerial values 
are significantly different from the European sample. Management values in Arab countries are shaped by the 
Islamic religion's philosophical and spiritual beliefs and by the cumulative Arab traditions (Muna 1980). Islam and 
Arab traditions put strong emphasize on respect for elderly, face protection, strong emphasize on virtue, humility, 
forgiveness, kindheartedness, courage, obedience and compa·ssion. Arab societies are collectivist societies where 
·conformity to the family and tribal norms provides the impetus for social and financial status. Similarly, African 
cultures are collectivist in orientation. In Africa managers put emphasis on interpersonal relations more than 
individual achievements (Blunt and Jones 1997). Another widely reported characteristic of African managers is 
tolerance and forgiveness (Blunt and Jones 1997). In India, there is ample evidence of high collectivism (Hofstede 
1980). Importantly, evidence seems to indicate that managers in India are increasingly adhering to traditional Indian 
practices and values (Krishna, 1999). Gopalan and Rivera (1997) listed nineteen dominant value orientations in 
India: which include a strong sense of fatalism, distrust, low empathy, external locus of control, low level of 
ambition, laid back approach to time, acceptance of and preference for status inequality, a high degree of obedience 
and dependence, and the sacrifice of individual needs are sacrificed for group goals and needs. In Far Eastern 
countries, there is ample evidence that the authority of the leader is accepted as right and proper, and subordinates 
must show respect and obedience to superiors (Whitley 1992). Additionally, harmony is reported to be one of the 
key characteristics of East Asian managers (Blunt and Jones 1997, Abdullah, 1996). In addition, Redding ( 1990) 
argued that more emphasis is put on conformity in Asian leadership values rather than autonomy, competition 
between groups and individuals, and self-assertiveness. 

Based on the above analysis, two propositions are developed. If no significant difference between the European 
sample represented by the UK and France and the non-western sample is found, then national cultural influences 
would be rejected while the global environmental influences would remain tenable. Thus, the data would tend to 
support the convergence perspective. In this case the researcher expects non-western respondents to put more 
emphasis on competence values than moral values. However, if there is a significant difference between the western 
.and the non-western samples, then the convergence perspective would be rejected while the national cultural 
influences would remain tenable. Thus, the data would tend to support the divergence perspective. To support the 
latter, the researcher expects western respondents to put more emphasis on competence values and non-western · 
respondents to put more emphasis on moral values. 

SUBJECTS AND .INSTRUMENT 
The target population consists of MBA graduates from UK business schools just after successfully completing their' 
full time MBA programs. A snow ball method was used to collect data. A list of 726 students was generated. 535 
MBA graduates replied to the value questionnaire, a response rate of 75 per cent; 121 were UK (42 per cent male), 
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66 were French (57 per cent were male) 113 were Far Eastern (54.per cent male), 70 were Arabs (92 per_cent male), 
95 were Indian (73 per cent male) and 71 (76 per cent male) were Africans. All participants were under the age of 
32. The subjects' mean age was 26.4 years. The eighteen instrumental values included in the Rokeach Value Survey 

-(RVS) were used in the present research. The present research employed a method that assesses preferences between 
different values. 

ANALYSIS 
In order to determine whether any significant differences exist between the six cultures on the ranking of the 
eighteen instrumental values, a Krusal-Wallis One-:-Way ANOVA test was performed for each of the eighteen 
instrumental values. The results of the test are shown in Table l.The Krusal-Walis One-Way ANOVAs showed 
strong significant differences across the six cultures. The only three values that were not ranked significantly 
different across all cultures were: ambitious, capable and hone~t. Table 1 reveals that being honest is ranked as the 
most significant value across all cultures. Since the Krusal-Walis One-Way ANOVAs results for ranked values only 
reveal that differences exist between cultures, and not which cultures differ from one another, additional analysis by 
means of the Mann-Whitney test was used to compare the rank of each culture with every other culture. The results 
of the Mann-Whitney test of paired cultures on the eighteen instrumental values are shown in Table 2. The Mann
Whitney tests between the two European cultures (The UK and France) reveal that half of the eighteen instrumental 
values were significantly different: broadminded, cheerful, clean, courageous, forgiving, helpful, intellectual, loving, 
and responsible. Conversely, when compared with respondents from the Arab, Indian and African cultures·, 
respondents from both the UK and France ranked most instrumental values significantly different from these 
cultures (see Table 2). 
Additionally, the Mann-Whitney tests reveal that respondents from Arab, African and Indian cultures are not 
significantly different on most of the instrumental values (see Table 2). More noticeably, Indian respondents were 
significantly different from Africans on only one instrumental value: broadminded. Furthermore, respondents from 
the Far East were significantly different to Arab students where only three values namely: broadminded, forgiving, 
and polite were not significantly different. Similarly, Far Eastern students scored significantly different on nine 
instrumental values with both Indians and Africans (Table 2). 

DISCUSSION 
The Krusal-Wallis One-Way ANOVA test revealed that only three values were not significantly different across all 
cultures: ambitious, capable and honest. Apparently, regardless of culture, respondents viewed honesty as the most 
important value. Additionally, ambitious and capable were ranked as highly important across the six cultures. These 
results indicate that respondents from non-western collectivist cultures are putting stronger emphasize on values that 
promote self-reliance which are emphasized more in western individualistic societies. For instance, contrary to 
Gopalan and Rivera's ( 1997, p.166) statement that Indian managers have "lower level of ambition relative to 
Western cultures", the present research shows no significant differences between cultures in their ranking of this 
value. These results lend credence to recent studies showing an inclination of young managers from collectivist 
societies towards individualist orientations (see for example: Wong (1998), Birnbaum-More, Wong and Olve 
(1995), Ralston et al., (1998) in China; Schwind and Peterson (1985) in Japan; and Viega and Yanouzas and 
Buchholtz, ( 1995) in Russia). The high significance allocated to being capable across cultures is understandable 
given t~e fact that all respondents have undertaken an MBA to enhance their managerial capability. 

The Mann-Whitney tests reveal interesting results. First, although respondents from the UK and France ranked nine 
values significantly different, using Webber's ( 1990) classification, these values, with the exception of responsible, 
were moral values. In other words, respondents from the UK and France did not view competence values 
significantly different. Second, respondents from Arab, Indian and African cultures show only very few differences. 
Additionally, they ranked moral values significantly different from respondents from the UK and France. A 
comparison between the two groups indicates that the first group (Arab, Indian and African) ranked most moral 
values (courageous, helpful.forgiving, and polite) as very important while the second group (the UK and France) 
viewed these values as less important. However, the latter group viewed most competence values (self-control, 
intellectual, independent, and imaginative) as significantly more important than the former group. The Far Eastern 
sample, however, occupies a middle position. While there were no significant differences in the ranking of moral 
values between respondents from the Far east, India, Arab and Africa, the Far Eastern ranked competence values 
significantly different from respondents from the latter three cultures. 
The general pattern seems to indicate that respondents from Arab, Far Eastern, Indian and African cultures allocated 
significantly more importance to m01:al values, with the exception of being honest, than respondents from the UK 
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and France. Similarly, respondents from the UK and France viewed competence values, with the exceptioi;i of 
capable and ambitious, significantly more important than respondents from Arab, Indian and African cultures. 
Surprisingly, contrary to what is widely reported in literature, respondent from the Far East ranked obedience as the 

. least important value, and the last but one by Indian and African respondents. Using Hofstede's (1980) analogy, 
these results indicate that students from Far Eastern, Indian, and African cultures do not espouse values such as 
obedience that lead to high power distance attitudes widely reported in these cultures. These results are also 
consistent with recent findings, where a sharp and continuing decline in power distance is observed among young 
managers in Russia (Viega and Yanouzas and Buchholtz 1995), China (Ralston et al. 1998) and Japan (Lawson 
1995). 

The analysis provides convincing evidence that the global village is less a melting pot than a swirling stew of 
diverse values. Nevertheless, respondents from non-western collectivist cultures showed some inclinations towards 
individualism and ranked obedience much lower than what is widely reported in their cultures. Conversely, the 
results showed strong significant differences between cultures. These findings lend credence to the argument that 
some values are more receptive to change, while others are not (Bond and King 1985). As a result only some values 
converged. One important conclusion that this study points toward is that the total convergence of values is still far 
from happening. That is, in practice, future managers from different cultural backgrounds, and in particular, from _ 
collectivist societies will neither adopt a mirror image of current management style in their cultures nor a unified 
management style regardless of local culture. 

The above analysis shows that future UK and French managers' attitudes and behavior will continue to be guided to 
a large extent by competence values. That is, they are expected to have feelings of personal shame when performing 
inadequately, but feel less guilty for wrongdoing if they do not provide help, forgive, act courageously, and politely. 
By contrast, future managers from Arab, Indian, Far Eastern and African cultures are expected to have feeling of 
wrongdoing if they fail to provide help, forgive, act courageously and politely, while not acting imaginatively, 
independently, intellectually and taking self-control are not expected to lead to feelings of shame about personal 
inadequacy. Nevertheless, across the six cultures, behaving honestly leads future managers to feel that they are 
behaving morally, and similarly behaving capably and ambitiously lead managers to feel that they are behaving 
competently. That is, UK and French future managers are more concerned with doing things right, while Arab, 
Africa, Indian and Far Eastern managers put more emphasize on doing the right thing. This is understandable. 
Respondents from the UK and France are young western individuals with no obligation if any to a large family or 
social group that pressures the individual for adhering to certain moral values or to expect, for instance, help from 
them. They derive their social and economic status mainly from their individual accomplishments that can be 
achieved through strong adherence to competence values. The non-European respondents, however, come from 
collective cultures which have large extended families and or tribes, where the individual's social and economic 
status depend more on his or her family, tribe affiliation and religion than individual accomplishments. In this 
cultural setting, individuals are expected to act in the best interests of their affiliations by, for instance, providing 
help to members of the family and expect help from them. In return, the family provide protection and social and 
economic status. The high importance allocated to capable and ambitious in cultures traditionally put less emphasis 
on these values, _is probably a result of a reconciliation of traditional cultural values and modem pressures for 
individual success. In practice, this means that in the future managers from these cultures will be guided by a quest 
for personal accomplishment and achievement without forsaking traditional values such as helpfulness and 
forgiveness . . 

The findings have important implications for managers. Managers are well advised to be wary of the popular view, 
supported by deceptively similar life styles, that values are becoming more homogeneous among young managers 
across .cultures, implying a lesser need for adjusting management practices to achieve cultural consistency. The 
significance of achieving cultural congruence seems to remain as important as ever. Individuals' understanding of 
'York, their approach to it the way they prefer to behave with other individuals and expect to be treated, varies 
according to national cultures. In particular, requiring an Arab, Indian, African or Far Eastern manager not to act 
politely or not to be forgiving may lead to feelings of dissatisfaction, distraction and discomfort since these 
behaviors are inconsistent with extant national cultural values. 

Similar to any study, the findings of the present study have to be interpreted with caution. Values are dynamic and · , 
evolve under a combination of influences, therefore the results of the present study must be looked at as values in a 
point in time. Measuring the long-term effects of the intensification of the socialization process and homogenization 
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of the global business environment requires a longitudinal study. Additionally, researches into how young managers 
will reconcile their values in practice are highly warranted. Last but not least, the effect of the homogeneity of the 
sample does limit the generalizability of the findings. Subsequent research using different demographic samples will 
·provide more insight into how values are evolving across. cultures. 
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OK 
Ta1>1e 1 A Krusa1-walis une-wa;y ANUVA ot Instrumental Values !P < .u:,2 """Q < .u1

2 
••• Q < .uu1 

French Arab Far bast Indian Afncan 

Meo1an Rank Mectiarr---Ran1<~eanm-Rank~eo~ank~ian- r@1k~~ar1 

Ambitious 7.01 7 6.45 6 7.32 8 7.61 6 7.59 7 8.02 7 4.43 .488 

Broadminded 9.72 11 8.63 9 9.88 11 9.92 11 9.86 11 12.54 12 16.03 *** 

Capable 4.91 4 4.86 4 4.96 3 5.01 3 5.00 3 5.13 3 3.60 .608 

Cheerful 15.56 14 . 13.92 14 13.31 13 14.34 16 13.93 14 13.75 14 111.65 *** 

Clean 6.36 6 7.35 8 3.44 2 4.32 2 3.68 2 3.40 2 216.87 *** 

Courageous 9.15 10 10.18 11 6.61 6 7.30 5 6.57 5 6.87 6 233.74 *** 

Forgiving 15.95 16 14.60 16 5.04 4 8.40 8 5.64 4 6.18 4 220.50 *** 

Helpful 16.29 17 14.90 17 9.21 10 11.98 14 10.32 12 10.61 11 199.92 *** 

Honest 1.80 l 1.57 l 2.01 l 1.73 l 2.72 l 1.93 l 6.02 .304 

Imaginative 5.86 5 6.80 7 15.03 17 11.95 13 14.22 16 13.63 15 221.12 *** 

Independent 2.95 2 3.62 3 14.45 14 10.53 12 13.15 13 13.12 13 216.55 ... 
Intellectual . 8.82 9 9.24 10 14.80 16 12.66 16 14.04 15 13.86 16 193.46 *** 

Logical 10.59 12 11.46 12 9.12 10 9.72 10 9.37 9 9.38 9 207.17 *** 

Loving 15.69 15 14.15 15 17.06 18 16.30 18 16.37 18 15.01 17 69.34 *** 

Obedient 16.55 18 17.45 18 14.75 15 15.91 17 15.79 17 15.87 18 86.51 *** 

Polite 13.82 13 12.48 13 6.35 5 9.52 9 7.98 8 8.08 8 210.91 *** 

Responsible 7.36 8 5.87 5 6.80 7 7.22 4 7.23 6 6.75 5 31.74 *** 

Self controlled 3.87 3 2.43 2 10.42 12 7.80 7 9.37 10 9.48 10 133.87 *** 

Table 2 The Mann-Whitney U Test of Paired Cultures on Instrumental Values (P < .05, ** 
R~n~t XK vs f'.KEs ~~ vs ~!}--vs Fre~ch vs FrCf:ch Fr~'ill French ~ra~s fn1Jib vs ~PrPcIJ mifcffl:n 

.tar cast !{'FJ~~nvs rabar ast ~~an~can Ara Es at vs n ~an vsfi. _ ar ast : tan 
frrican ast A ncan 

z z z z z z 
Ambitious 2.44* 0.42 0.68 0.35 2.44 3.56** 0.79 0.65 5.36*** .44 .05 1.84 1.61 1.61 1.51 

Broadminded 3.06** 2.07 3.33*** 2.87* 4.44*** 3.73** 3.82*** 3.15*** 4.93*** 4.08*** .30 2.60** 2.08* 2.08* 1;99• 
'"C 

Capable .26 0.29 0.76 0.54 1.89 0.42 1.69 0.90 1.20 2.84** 1.99* .., 1.49 1.35 1.35 1.27 0 
(") 

Cheerful 6.34*** 9.33*** 6.24*** 7.09*** 7.51*** 2.72 8.69*** 8.80*** 0.58 2.99** .611 1.11 2.6** 2.60** 0.88 ('1) 
('1) 

0.. Clean 6.12*** 10.42*** 7.27*** 8.35*** 8.69*** 9.90*** 9.05*** 8.98*** 4.89*** 2.84** .21 .55 1.36 2.78** 0,94 s· 
oa Courageous 6.06*** 10.28*** 8.39*** 9.98*** 9.54*** 8.87*** 4.48*** 7.07*** 6.57 *** 4.13*** .38 1.60 2.60** 1.54 1.36 
0 Forgiving 5.41 ... 12.34*** 8.14*** 9.50*** 9.52*** 10.99*** 3.56** 6.40*** 6.33*** .49 1.29 .28 2.78** 1.96* 0.58 I-+) 

Er 
Helpful 6.32*** 11.65*** 7.36*** 8.96***· 8.08*** 8.98*** 0.89 0.79 2.64** 3.85*** 047 1.74 1.54 2.06* 0.33 ('1) 

s Honest 1.73 0.25*** 0.73 0.66 1.04 1.54 0.96 7.71 *** 8.03*** 3.40*** 0.48 1.28 1.96* 1.66 1.46 
~ Imaginative .25 11.53*** 8.38*** 8.87*** 9.50*** 9.73*** 5.86*** 7.12*** 7.36*** 4.10*** .61 1.92 2.06* 1.81 1.16 C/) 

N Independent 1.35 11.32*** 8.o~••• 8.51 *** 9.33*** 9.68*** 6.56*** 7.42*** 8.16*** 3.40*** 2.6** 0.33 1.66 2.65** 0.35 0 
0 Intellectual 2.13* 10.57*** 8.56*** 8.36*** 8.97*** 9.19*** 7.60*** 1.96*** 8.32*** 3.20*** 1.71 * 2.42* 1.81 1.82 0.77 0 

n Logical 2.78** 11.32*** 7.67*** 8.18*** 8.18*** 9.98*** 6.61 ••• 5.69*** 5.10••• l.44* 1.18* 0.88 1.92 1.92 -Q.24 0 
:::, 

Loving 5.31*** 4.01 *** 3.11*** 3.08*** 2.32* 7.07*** 6.66*** 6.94*** 5.07*** 1.12* l.02* 1.34 0.56 0.56 0.29 ~ .., 
Obedient .l.81 5.58*** 3.81*** 3.94*** 3.93*** 8.98*** 5.27*** 6.19*** 6.93*** 5.50*** .12 0.68 0.72 0.72* 0.35 ('1) 

:::, 
(") Polite .17 12.56*** 3.81 *** 8.95*** 9.50*** 9.22*** 3.25*** 2.85* 6.47*** 1.67 2.64** 2.55* 2.41* 2.41 * 0.67 ('1) 

Responsible 4.86*** 3.50*** 2.53** 1.89 4.01 *** 1.86 7.74*** 7.99*** 1.92* 4.04*** 1.40 0.21 2.10* 2.10* l.73 

Self controlled 1.86 11.75*** 8.27*** 8.64*** 9.27*** 10.14*** 4.17*** 5.36*** 8.45*** 4.02*** 1.66 0.57 2.93** 2.92** 1.01 
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INTRODUCTION 

International franchising has seen explosive growth in the last quarter of the twentieth century. According to the 
International Franchising Association (IFA), one half of all U.S. franchisors without foreign units plan to expand 
internationally; and 93 percent of current international franchisors plan to increase their foreign operations (IF A, 
1992). Moreover, Aydin and Kacker (1990) say that U.S. franchisors added foreign outlets at twice the rate of 
domestic outlets from 1970 to 1990; and U.S. Department of Commerce records show that 94 percent of all foreign 
outlets of U.S. franchisors are established through the use of foreign franchisees. By 1999, IFA statistics indicate 
that just over 13 percent of U.S. franchisors now have foreign operations (International Herald Tribune, 1999). 

As a result of this sustained growth, a research stream attempting to understand global franchisirig has· emerged 
concurrent with its development. Various aspects of the global franchising phenomenon have been studied-most 
prominently, the characteristics that distinguish global franchisors from their purely domestic counterparts 
(Lindquist, 1996; Shane, 1996; Kedia, et. al., 1994; Huszagh, et. al., 1992; Aydin and Kacker, 1990). 

This paper assimilates the literature to date on global franchising, tracing its origin and evolution as a research 
stream, and offers a research paradigm to guide future study. 

THE HISTORY OF RESEARCH ON INTERNATIONAL FRANCHISING 

Research on international franchising appears to stem from the conclusions and paradigms that have emerged in two 
distinct research streams to which it is inherently related: ( 1) research on domestic franchising and (2) studies of 
international expansion strategies. 

The former has historically concerned itself with understanding franchising within a domestic context. Three 
models have surfaced to explain the emergence of franchising as a viable organizational structure: (1) the resource 
constraints model, (2) the administrative efficiency model, and (3) the risk management model. The resource
constraints perspective suggests firms use franchise agreements to expand because franchisors are unable to 
generate the capital and other resources ( e.g., expertise) needed to grow themselves (Oxenfeldt and Kelly, 1969). 
This is an attractive explanation that has received both early (Hunt, 1973) and subsequent research support 
(Brickley and Dark, 1987; Combs and Castrogiovanni, 1994; and Carney and Gedajlovic, 1991). 

The administrative efficiency theory derives primarily from agency theory. It suggests that firms use franchise 
agreements to expand because managers (agents) of company-owned units are less motivated to perform efficiently 
than owners (agents) of franchise units whose interests are better aligned with those of the franchisor. This 
perspective has also received empirical support (Mathewson and Winter, 1985; Carney and Gedajlovic, 1991; and 
Lafontaine and Kaufmann, 1994) but has been studied less. 

The risk management theory states that firms use franchising agreements to expand into locations that have higher 
risk due to such factors as geographic distance or cultural differences. This is a newer paradigm which more recent 
study has shown to be separate from administrative efficiency--although it is a complementary idea under the agent 
monitoring approach (Combs and Castrogiovanni, 1994)-and which has been used to empirically explain the 
expansion rate of domestic franchises (Miller, 1992). 

The second . research stream to contribute to the understanding of global franchising is that which concerns 
international expansion strategies. Historically, this research stream has focused on the decision to export versus the 
use of foreign direct investment. In summary, early research showed that firms progress in their commitment to and 
involvement in a foreign market as t~ey gain experience in its business traditions and culture (see e.g. Contractor, 
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1984). Ultimately, the increased involvement and understanding gives the firm the confidence to extend itself by 
foreign direct investment. Yet changes in the global business environment make this progression less applicable 
today. More recent research shows that international new ventures altogether forego the lengthy . life cycle of 

· domestic development (Oviatt and McDougall, 1994) and that international firms may take a variety of forms
including that of franchises-depending on host country responsiveness and the need for global integration (Bartlett 
and Ghoshal, 1989). 

Both streams of research have produced theoretical underpinnings for the study of global franchising. The 
following sections of the paper discuss the study of global franchising from the perspec!tve of each of the 
franchising-emergence models and its evolution relative to the theories of international expansion. 

GLOBAL FRANCHISING AND RESOURCE CONSTRAINTS THEORY 

Resource constraints theory postulates that franchise expansion occurs in under-resourced firms that are looking for 
a way to grow. To explain the emergence of global franchises, researchers have sought to show that international 
franchises have distinct resource characteristics when compared to domestic..:only franchises. For example, Aydin 
and Kacker (1990) found that firms most receptive to future global expansion had a distinct profile. They were 
"small" in total annual sales volume, and their corporate structure contained a high overall percentage of franchisee
owned outlets as compared to company-owned outlets. Similarly, Shane ( 1996) found that firms exhibiting "well 
established overseas expansion" enjoyed more overall years in franchising and a greater number of franchisee
owned outlets as a percentage of total · outlets. These results closely parallel those of Huszagh, Huszagh, and 
McIntyre (1992) who had earlier found that international franchises in both 1967 and twenty years later in 1988 
exhibited greater experience (number of years in operations) and size (percentage of franchisee-owned domestic 
outlets and total number of outlets) than their domestic-only counterparts. 

As compelling as these findings appear, however, a dissenting study by Kedia, et. al. (1994) found managerial 
attitudes toward expansion and increased profits to be superior to any firm characteristics-namely, sales volume, 
number of company-owned versus franchisee-owned outlets, and number of years in business-in predicting entry 
into the international franchising arena. 

CONCLUSION: Although international expansion seems to be dominated by well-developed and ·experienced 
domestic franchisors, . firm characteristics and nature of the resource base do not adequately explain why some 
franchisors pursue foreign markets and others do not. 

GLOBAL FRANCHISING AND THE ADMINISTRATIVE EFFICIENCY MODEL 

The administrative efficiency model postulates that expansion occurs via franchising because firm managers realize 
it is easier to grow through licensing of a process to another owner (whose interests are similar or identical to the 
original manager) than to entrust growth to paid subordinate managers whose livelihood is independent of the 
success of the new firm. · In other words, it is more administratively efficient to grow via franchisee outlets than 
company-owned outlets or chain ownership. Yet, when the company chooses to expand via franchisee outlets, the 
problem of franchisee evaluation occurs. Monitoring may be difficult or expensive and exacerbated-by the different 
risk preferences between principal and agent (Fladmoe-Lindquist, 1996). 

This theory in the context of global franchising expansion has been studied very little. Not until the mid-l 990s 
when researchers became stymied in their attempts to explain participation in global franchising in terms of firm 
resource characteristics did studies begin to examine the nature of the relationship between principal and agent. 
S_hane (1996) first demonstrated that the ability to monitor foreign franchisees was an important capability 
distinguishing international from domestic-only franchisors. Fladmoe-Lindquist (1996) further clarified Shane's 
findings by integrating them into a research framework underpinned by previous studies that postulate 
administrative efficiency to be composed of the . dimensions of franchisee monitoring capabilities, distance 
management, and cultural adaptability. This is by far the roost complete clarification to date of the theory, but its 
new dimensions are yet to be empirically tested. 
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CONCLUSION: Not all large, experienced domestic franchisors seek overseas expansion. The desire to expand 
internationally is more adequately predicted by the franchisee monitoring capabilities of the franchisor than its 
overall size or experience level. 

GLOBAL FRANCHISING AND RISK MANAGEMENT THEORY 

Risk management theory suggests that franchise expansion is governed by the desire to manage risk. Firms use the 
safety inherent in franchise expansion to offset the risks associated with moving into risky locations, usually those 
that are a greater distance from the headquarters organization or that are culturally different. 

The basic premise of this theory appears very attractive in explaining the growth in global franchising. 
Unfortunately, nothing more than.anecdotal evidence exists to suggest its predictive ability. Recent U.S. 
Department of Commerce statistics show that 94 percent of all foreign outlets of U.S. franchise systems are 
established through foreign franchisees (Commerce Department, 1987). Furthermore, both Norton (1988) and 
Martin .(1988) found that franchisors prefer to expand by franchising in geographically distant locations, while 
Martin (1988) found the more remote the location the greater the preference. for franchising. However, neither 
study explicitly focused on global franchising or the location to sites outside the United States. 

In an attempt to integrate risk management theory into the current body of knowledge on global franchising, 
Fladmoe-Lindquist (1996) identifies specific risk management capabilities of the international franchisor drawn 
from a variety of anecdotal sources. She suggests that capabilities associated with the understanding of host country 
policies and exchange rate management are the most salient in managing risk. Neither variable has been empirically 
tested in its power to predict entry into international franchising. 

CONCLUSION: The least developed discriminator of international franchisors ~s the franchisors' preferences for 
managing risk and risk management capabilities. 

METHODOLOGICAL ASSESSMENT 

While the theory of international franchising has seen significant development over the last quarter century, much 
improv~ment stands to be made in the area of research methods applied within the field. First; all the studies 
produced throughout the 1980s and 1990s have· been descriptive studies of international versus domestic-only 
franchisors. Now with the · identification of a fairly large set of descriptive characteristics of international 
franchisors, we should turn our attention to identifying factors that contribute to international franchise profitability 
or effectiveness. Studies that attempt to discover causal relationships may necessarily require the greater use of 
field studies or experiments rather than the reliance on secondary data exhibited for the past decade within the field. 

Along a similar vein, past studies have relied almost exclusively on data from the U.S. franchisors' perspective 
rather than that of the foreign franchisee. Indeed, with the exception of a single study focused on the differences in 
ethics codes of franchise associations around the globe (Preble and Hoffman, 1999), research using international 
samples is virtually nonexistent. 

Finally, as researchers derive a host of antecedent variables that lead to a predisposition for international franchising 
(Shane, 1996; and Fladmoe-Lindquist; 1996), there is a need for more rigorous operationalizations of constructs 
such as "risk preference," "exchange rate management," and "environmental uncertainty." 

CONCLUSION: The relative youth of the field has produced an abundance of descriptive research findings based 
on secondary data. Movement toward more causally based research and more rigorous operationalizations of 
constructs is needed. 

RECENT DEVELOPMENTS 

Anecdotal information from international trade associations portends two recent trends that raise questions related to 
the development of international franchising: ( 1) the effect of economic and political turmoil on the choice of 
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global franchise locations, and (2) the effect of host country franchise development associations and nptchmaker 
trade missions on the choice of global franchise locations. 

Halford ( 1998) suggests the economic turmoil in both Asia and Russia has made Latin America an attractive 
alternative for international investment including global franchising. Years of economic reform programs . and 
political changes that have strengthened democracy have made the countries of Argentina, Brazil, Chili, Colombia, 
Costa Rica, Ecuador, Mexico, Panama, Peru, and Venezuela relatively more attractive as of late than countries in 
the Eastern Hemisphere; 

Additional industry trade data shows a particularly strong upsurge of franchising activity in .. Pakistan (Economic 
Review, 1998), Honduras (Journal of Commerce and Commercial, 1997), and India, China, Poland, Indonesia, 
Malaysia, and Vietnam (Success, 1995), due to the removal of trade barriers and other legal restrictions in these 
countries. Nike has also found franchising to be the solution to the risks of operating in the Ukraine (Business 
Eastern Europe, 1998) . . 

In a separate trend, the Jo,;,rnal of Commerce and Commercial (1997) reports staggering growth in the formation of 
host-country franchise development associations and their sponsorship of matchmaker trade missions. The 
development associations and matchmaker programs help U.S. franchise companies gain a foothold in foreign 
markets by bringing together franchisors with potential franchisees. There is no evidence to date to suggest how 
effective these networks are in locating suitable franchisees. However, industry reports indicate that U.S. 
franchising in Morocco, for example, is-growing at a rate of 50 percent annually largely as a result of the Moroccan 
Trade Association (Journal of Commerce and Commercial, 1996). 

CONCLUSION: Exploratory empirical studies employing international samples are needed to document th~ impact 
of political and economic host-country factors and international networking opportunities on the growth and 
development of global franchising. -

IN SUPPORT OF A NEW RESEARCH PARADIGM 

Taken altogether, the findings of the last three decades have contributed substantially to our understanding of global 
franchising. The various theories have coalesced to produce a more unified and developed paradigm. This 
paradigm suggests that global franchising effectiveness may depend on both internal (firm-level) factors and 
response to external forces (Shane, 1996). The primary internal factors associated with international franchising are 
franchisee monitoring capabilities and level of risk preference (Fladmoe-Lindquist, 1996). The ability of these 
factors to predict a tendency toward global franchising may be moderated by the resource characteristics of firm 
size, experience, and percentage of franchisee-owned outlets (Huszagh et. al., 1992; Aydin and Kacker, 1990). 
New and unsubstantiated internal variables that appear to influence the success of global franchising are capabilities 
in distance management, cultural adaptability, host country policy evaluation, and exchange rate management 
(Fladmoe-Lindquist, 1996). External forces shown to contribute to international franchise expansion are the 
saturation of the domestic market (Hackett, 1976; Aydin and Kacker, 1990) and the presence of a large potential for 
profit in the foreign market (Kedia et. al., 1994). New and unsubstantiated external forces that appear to influence 
the tendency toward global franchising are the levels of economic and political turmoil in the host country (Halford, 
1998) and the presence of international franchise development associations. 

This paradigm may be furthered by the following recommendations for future research: 
• Studies are needed to operationalize and clarify the concepts of "franchisee monitoring" and "risk 

management" and assess the extent to which they portend global franchising. 
• Studies are needed to operationalize the constructs of "distance management capability," "cultural 

adaptability," "host country policy evaluation," and "exchange rate management capability" and relate 
them to the requirements for overseas expansion. 

• Studies are needed to operationalize the constructs of "level of economic turmoil," "level of poiitical 
turmoil," and "level of activity of a franchise development association" and relate them to the 
tendency toward global franchising. 
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Finally, several global franchise researchers have noted the need to study the effects of telecommuni_cations and 
information technology advancements on a firm's franchisee monitoring capabilities (Huszagh et. al., 1992; Bergen 
et. al., 1992). As technology increases the exchange of information and the ease of that exchange, it should become 

-easier for franchisors to monitor the behavior of franchisees, reducing the risk of global franchising while 
simultaneously increasing administrative efficiency. Hence the old theories of franchise evolution may eventually 
be supplanted by new, technology-based theories. 

Figure 1 details the new paradigm, incorporative of the salient variables implied by previous theories and empirical 
testing. Note that the internal (firm-level) and external predictors are moderated by resource-based variables and 
the presence of a franchise development association, respectively. The former suggests that the ability of any of the 
firm-level variables to predict global franchising effectiveness will be moderated by variables such as the firm's size 
and number of years in operation. The latter indicates that the ability of such external market forces as political or 
economic · turmoil to predict franchise effectiveness will be moderated by the presence of a franchise development 
association. As suggested earlier, most of the variables in the model have yet to be fully operationalized. 
However, the model seems to represent a good first step in tying together much of the previous research on 
international franchising while offering a plan to begin more rigorous empirical _tests of global franchising success. 
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ABSTRACT 
Founded in 1920, International Telephone and Telegraph (ITT) began as a global version of AT&T. From 1958 to 
1979 the corporation's second leader transformed the "telephone company" into the world's most diverse 
manufacturing and service industry c~Qglomerate, operating 350 business units in 80 countries worldwide. From 
1979 to 1998 ITT's third leader divested all company assets to increase "shareholder value," until the once proud 
corporation was de-listed on the New York Stock Exchange. These unique transformations are analyzed by the 
author who was an ITT corporate executive during the start of ITT's fall from conglomerate glory to eventual 
oblivion. 

INTRODUCTION 
ITT was originally founded in 1920 by two Behn brothers from the West Indies as a telephone company to provide 
service in Puerto Rico, Cuba and, eventually, to many countries worldwide. Its first leader, Colonel Sosthenes 
Behn, acquired a group of operating telephone and telegraph companies, most of them in Europe and Latin America, 
tied them together with cable interconnections, and purchased a group of factories that manufactured telephonic and 
telegraphic gear. Behn called this "The International System," and others believed that he had set out to create an 
international version of American Telephone and Telegraph (AT&T). During the Great Depression, Behn saved 
ITT from bankruptcy several times by last-minute maneuvers and for awhile prospered by manufacturing products for 
the armed services just prior to World War II. However, these operations had little ~uccess, but by the mid-19 50s 
the European operations recovered, re-energized ITT and remained the essential legacy ofBehn's original vision.' 
Colonel Behn remained as the company's chief executive for the company's first 30 years. In 1958, ITT's next 
historical leader, president and chief executive officer Harold S. Geneen, began to systematically enlarge the company 
by a series of spectacular acquisitions. Mr. Geneen and his assistant Felix Rohatyn (future banker) bought hundreds 
of companies in unrelated industries and turned the enterprise into the biggest and most controversial of the new 
multi-industry "conglomerates" when such organizations became popular in the 1960s. 

SHORT HISTORY OF THE ITT CONGLOMERATE 
When Harold Geneen died on November 11, 1997 at the age 87, his obituaries all cited his fame, for better or worse, 
as being synonymous in the 1960s with the notion of the conglomerate. According to The Economist magazine, 
Harold Geneen's fame came from the pursuit of an idea, rather than simply the management of a company. Alfred 
Sloan, the founder of General Motors (and thereby of the modem multi-divisional corporation) was one such 
innovator. Sloan's old rival, Henry Ford, the inventor of mass production, would want to be considered another. 
The Geneen idea, the conglomerate, postulated that a company could successfully invest in any sort of business 
anywhere. The company imposed discipline on those units by setting strict financial targets; and kept on growing 
by acquiring new firms with its own highly-rated shares. Harold Geneen, a quintessentially American businessman, 
was born in Britain. He began his business career as an accountant, and it was his attention to financial detail, 
combined with almost Napoleonic self-confidence, that then propelled him up the ladders of various big American 
companies. In 1959 he jumped at the chance to run ITT, then a lackluster collection of telephone companies with 
annual sales of just $800,000 due to his strong desire to be his own boss. By the time Mr Geneen stepped down as 
chief executive officer of the firm in 1977, and two years later relinquished the chairmanship as well, he had bou~t 
approximately 350 companies in 80 countries and created America's 11th biggest firm with sales of $17 billion. 

Four years earlier, in 1973, the scope ofITT's operations was even bigger as business units were constantly being 
purchased and sold by Mr. Geneen. For example, Sampson reported in his historical book that in that year the 
International Telephone and Telegraph Corporation (ITT) was the eighth biggest American company by sales, and 
the biggest American company in Europe, where it had 40 percent of its business. It employed 400,000 people, half 
of them in Europe. Even more significant is not sheer size, but Sampson provided a clear picture of the extreme 
diversity of ITf's product lines and many of its unique features that Mr. Geneen created. For example, ITT's 
American-based subsidiaries included (with numbers of employees): 

Hartford Fire Insurance (I 5,000) 
Sheraton Hotels (19,300) 
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Continental Baking: Wonderbread, Hostess Cakes etc. (34,000) 
Rayonier: Cellulose, Timber (6,110) 
Cannon Electric (2,577) 
Federal Electric (5,320) 
APCOA and Service Industries (9,829) 
World Directories (2,875) 
Grinnell: fire-extinguishers (14,255) 
Levitt: houses (2,701) 
Canteen: feeding systems (10,869) 
Avis: hire-cars (7,591) 

The company's European interests included hotels, insurance, teleprinters, cosmetics, automotive parts, lamps, 
pumps, food, and the following major telecommunications companies (with number of employees): 

Gennany: Standard Elektrik Lorenz (3~,072) 
Britain: Standard Telephones and Cables (22,189) 
France: CGCT and LMT (15,313) 
Italy: FACE telecommunications (6,522) 
Spain: Standard Electrica CITTE and Marconi (23,182) 
Sweden: Standard Radio (1,633) 
Belgium: Bell Telephone (13,666) 
Norway: Standard Telefon (3,814)"3 

The "Geneen Machine" 
The so called "Geneen machine" ran on the principle that sound financial management could be applied successfully 
to any business, from rental cars to bakeries or insurance. He gave managers overlapping responsibilities, partly 
because he thought that confrontation would increase the amount of business information available. Indeed, 
collecting the "unshakeable facts" in order to make logical decisions was an obsession ( one annual repo_rt boasted 
about how the company devoted 200 days a year to "meetings at various organizational levels"). Given the 
"unshakeable fact" that this model worked so well with all sorts of finns, acquiring new ones was the easy part. 
D~spite paying himself a small fortune and bullying his employees, Mr Geneen (who routinely worked a 70-hour 
week) inspired considerable loyalty among his staff. But he did occasionally get into trouble with international 
governments. For example, ITT was accused of bribing the U.S. Republican Party to secure a favorable antitrust 
ruling. In South America, ITT denied having anything to do with a plot in Chile in the early 1970s to destroy the 
democratically-elected government of Salvador Allende, who had nationalized an ITT subsidiary. Later, ITT 
admitted providing $350,000 for "political" purposes. But Mr Geneen, a businessman through and through, denied 
that this disclosure and others of a similar nature had anything to do with him leaving the company at the end of the 
1970s. He had a successful retirement as a private investor.4 

Phasing Out the Conglomerate 
ITf's eventual demise as the world's biggest conglomerate, although seeming to be simply. a matter of corporate 
evolution, actually had a lot to do with Mr Geneen's absence-since he was the single person who held it all 
together. The 1981 ITT Annual Report's "Letter to Shareholders" stated in part: "By 1981, sales and revenues, 
including insurance and finance, were $23.2 billion ... Insurance and finance revenue totaled $5.9 billion ... The board 
of directors approved the 18th consecutive increase in the dividend on ITT common stock ... During 1981, ITT sold 
nine companies with sales of $449 million, while buying four small companies that fit into existing-,units ... These 
activities reflected the decision announced in 1980 to concentrate on operations with the greatest opportunity for 
profitability and growth ... We continue to maintain our position as a worldwide leader in technology ... In 1981 we 
spent more than $1 billion for company- and customer-financed research and development... Examples of our 
commitment in the research and development are the establishment of the Advanced Technology Center in Shelton, 
Conn., significant investment in key long-tenn technologies, the development of our System 12 switching 
systems ... " [emphasis added]. 

GENESIS OF.THE AUTHOR'S ITT INVOLVEMENT 
My path to becoming personally involved with ITT was to help them with the "System 12 switching system" -
development. ITT's interest in me was prompted by iny prior education and experience in planning and 
successfully leading a wide variety of process and organizational change projects for government and industry 
sponsors. The education component included research culminating in a Ph.D. dissertation focused on how to best 
overcome change resistance by individuals who would be subject to technology change.5 The first application of 
my 1971 Ph.D. dissertation research involving making technological change in large organizations, was to help 

137 

Proceedings of the IEMS 2000 Conference . 



accelerate several major organizational, operational and technology changes for the Air Force and Department of 
Defense·6•

1
•
3
•
9

•
10 These efforts included organizing and managing the first computer policy office for Air Force 

Systems Command in order to help communicate the differences between "general purpose" and "other'' types of 
~omputers to help implement, in turn, a new AFR 800 series of software policy regulations. 11 In early 1976 I 
retired from the Air Force and joined The Johns Hopkins University Applied Physics Laboratory as Assistant to the 
Director to plan and manage a wide variety of computing technology transition projects. 12

•
13

•
14

•
15 This work 

included, upgrading a worldwide aircraft engine parts tracking information system for the Air Force Logistics 
Command, implementing the first word processing system for Maryland's Howard County Schools, and designing 
and implementing a large-scale, automated, quick query system for the Naval Sea Systems Command. 

In 1980 I was hired by the ITI Corporation to help upgrade their corporate-wide computer programming 
technologies as part of the five-year, $2.0 billion "System 12" digital telephone switching system development 
project. My role was to serve as an executive-level "technology transition champion" by hiring and directing a 30-
member staff of software engineering experts to upgrade and standardize software programming technologies used by 
disparate IIT business units located in 13 different European countries. 

This assignment required developing the rather elaborate organizational model illustrated in Figure 1 which proved 
to be highly effective in eliminating as much personal resistance as possible by several hundred computer 
programmers who were involved in this massive and highly complex multi-country technology change project. It 
also greatly helped my task of convincing European ITT company Managing Directors, and especially their powerful 
Technical Directors, to accept programming process changes recommended from ITT's U.S. headquarters. 
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Figure 1 Enterprise-Wide Computer Programming Technology Transition Organization 

In 1983 the project was completed and I went on to codifiy the lessons learned from my ITT and other past 
experiences by helping to start up Nas.tec Corporation, the first "CASE" company. As Vice President for 
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Engineering and Technology, I wrote and published a paper containing the first definition of "computer-aided 
software engineering (CASE)." The underlying purpose was to help Nastec explain its brand new workin~ prototype 
product to the marketplace in order to begin generating significant sales revenue from major corporations .. 6 

· 

What I remember most vividly from my three years at ITT were the awesome remnants of the "Geneen Machinery," 
For example, meetings were still the rule to keep up with world-wide conglomerate operations. Approx.imately 
every other week I visited five different countries in five days for rounds of continuous meetings. Each foreign 
travel day began with a breakfast strategy meeting, then an all-day business meeting at one of the ITT "business 
units." These major meetings were followed by another meeting on the plane to the next country stop, then a wrap
up dinner meeting. Meetings were also held in limousines to and from airports/hotels, and on planes crossing the 
Atlantic from east to west (because we gained five to six hours on the flight-but we slept on planes going from 
west to east). A typical trip would be to France or Spain, then on to Italy, Germany, Belgium, and England in five 
days. On other trips I visited ITT business colleagues in Austria, Switzerland, Norway, Finland, Denmark, 
Portugal or Sweden. On the weeks in between, I met with my staff in Connecticut and with executives in New 
York (to include the Chairman, President, and Chief Executive Officer, Rand V. Araskog every six weeks or so). 
Then there were executive retreats for strategic and periodic business planning held at ITT's private golf club, The 
International in Massachusetts; or in hotels on Long Island. There were also special visits to ITT units throughout 
the United States to discuss our approach to standardizing System 12 programming methods and tools. Overall, I · 
found that being an ITT executive with project management responsibility required a minimum 70-hour work 
week-the residual model of the "Geneen Machine." 

TRANSITION FROM GENEEN'S ITT TO ARASKOG'S ITT 
When I joined ITT as an executive in 1980, it was still an impressive but very demanding conglomerate as noted 
above, but Harold Geneen had recently given up his duties as President and CEO. His successor, Rand V. Araskog, 
was just beginning to make plans for divesting the company of its numerous businesses, one at a time under . 
supposed pressure from the Board. Unfortunately, Mr Geneen lived just long enough to see the inefficient remainder 
of his once proud and powerful organization snapped up by a property company called Starwood for $14 'billion. 

On~ of Mr Araskog's first moves was to reshape the Board of Directors into one which he could single-handedly 
control. In this regard, the 1981 Board included Mr Aragskog as Chairman, President and Chief Executive and 
Harold Geneen without power as "Chairman Emeritus and management consultant." The rest of the Board was 
comprised of eight ITT insiders, five outside financial experts, and two consultants (the President of Duke 
University and a communications consultant). In short, fill ITT power was vested in the hands of Rand V. 
Araskog. 17 

CHRONOLOGY OF THE FINAL FALL OF ITT 
During Mr. Araskog's single-handed rule of ITT, he managed to sell 250 companies, but not all at once. For 
example, even though he personally called the System 12 switching system development his "finest triumph" he 
sold the $6 billion core telecom-equipment business to Alcatel in France for a large profit. Over his entire tenure, 
ITT's stock rose about 600%, well below the market's rise of 850%. But Rand Araskog did very well personally 
with earnings in addition to stock gains during that period. Highlights of this final chapter ofITT's 78-year history 
are briefly described below: 

• 1995-By this point in time, the "old ITT Corporation" had been transformed into three holding 
companies-ITT Corp., ITT Industries, Inc. and ITT Hartford Group Inc. According to the proxy, the 
aggregate total return to ITT shareholders during 1995 was $4.5 billion. But now, Mr. Araskog only held the 
titles of chairman and chief executive at ITT Corp., a hotel and gambling company he created in a strategic 
reorganization. He was also a board member of the other two companies but did not hold executive titles. Mr. 
Araskog received a 146%.increase in his compensation over 1994 and was paid $9.7 million compared with 
$3.9 million for 1994. According to a spokesman for the Conference Board, "These days, we 're going more 

· toward measures of financial performa'!ce, rather that the sheer size of a company." 18 [emphasis added] 

• 1997 Part 1-Mr. Araskog spent heavily on his new hotel and gambling company causing poor casino results 
and the stock to plunge. But, in spite of this, Hilton Hotels made a $6.5 billion hostile takeover offer for ITT 
Corp. but Mr. Araskog refused to let his shareholders vote and used multiple strategies to resist, to include 
having a federal judge intervene on his behalf. Other tactics included: ( 1) splitting ITT Corp. into three new 
companies called ITT Educational Services, ITT Destinations, and ITT Corp., (2) changed the new split-off 
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ITT Destinations board's re-election process to be staggered with only four of the l l directors being.put up for 
re-election, and (3) sell additional ITT assets, such as five Sheraton and some luxury hotels. 19

•
20 

•• · 1997 Part 2-Billionaire Marvin Davis agreed to buy a stake in Las Vegas, forming a joint venture with ITT 
Corp. to control the Desert Inn Resort and Casino. This $250 million purchase was part ofIIT's strategy to 
raise cash for its battle against the hostile takeover bid by Hilton Hotels Corp. and which would give ITT a 10-
year management contract.21 

• 1997 Part 3-A Nevada judge ruled that ITT must seek shareholder approval for its recent restructuring plan to 
split into three companies. Thus, ITT Corp. abandoned its controversial plan to stagger directors' terms and 
began plotting new ways to win a proxy fight with Hilton Hotels Corp.22 · 

• 1997 J>art 4-ITT Corp.'s plans to sell half of the Desert Inn resort and casino to oil billionaire Marvin Davis 
to help build its cash fund to fight Hilton's takeover bid hit a serious and possibly fatal obstacle. According to 
Mr. Araskog, "we found one of the conditions in our preliminary agreement to be unacceptable to us" but he 
declined to give further details. An IIT spokesman said "the company never intended to account for the 
transaction as a sale because it was a joint venture. "23 

. 

• 1997 Part 5-With most of its takeover defenses exhausted, IIT announced an agreement to merge the hotel 
and casino company into Starwood Lodging, a real-estate investment trust. By any standard this would .create 
the world's largest hotel company, but its success wasn't assured. Under the agreement, Starwood would 
acquire ITT for $9.8 billion in cash and stock and would assume $3.5 billion of debt. ITT shareholders would 
end up with nearly two-thirds of the combined company. After 18 years as CEO ofIIT, Mr. Araskog would 
step down, handing the job of chairman and chief executive of the combined company to Mr. Sternlicht of 
Starwood. Mr. Araskog ·would become a director at Starwood, where ITT would have a minority 
representation, and would walk away $55 million richer.24 

• 1998----Several top ITT Corp. executives were slated to receive rich cash severance payments as their company 
was acquired by Starwood Hotels & Resorts-while picking up thousands of stock options as an incentive to 
work for Starwood. For at least nine top IIT executives, the severance alone will amount to three times their 
annual salary and bonus, a total of $68 million. Some 61 others will receive twice their annual salary and 
bonus, or simply twice their salary. The biggest beneficiary of the plan so far is ITT Chairman Rand V. 
Araskog. Mr. Araskog stands to receive $15 million in severance from IIT and has been granted 162,500 new 
ITT stock options that will convert to Starwood options. His deal includes a $400,000-a-year consulting 
contract lasting through 2003 and allows him to keep his car and driver, his secretary, and the use of the 
corporate jet as long as Starwood owns it. Mr. Araskog's existing stock options are valued at $64.4 million, 
should he choose to cash them in, although he pledged to convert them to Starwood options.25 

On February 23, 1998 Starwood Hotels & Resorts completed their $14.6 billion acquisition ofITI Corporation 
and created the largest hotel and gaming company in the world. All outstanding securities of ITT were de-listed 
from trading on the NYSE at the close of business. The 72-year-old ITT no longer existed! 

POSTSCRIPT-IS TYCO A REBORN ITT?? 
The Wall Street Journal reported on February 15, 2000 in a major lead article that Tyco International had created a 
virtual monopoly for the manufacture of plastic hangers such as Kmart Corp. and other retail stores use to display 
clothing.26 Curious, I looked up Tyco on the Internet and found a potential ghost of ITT as I knew it. For 
example, Tyco's 1998 Annual Report states that "Tyco is a worldwide industrial manufacturer with strong 
leadership positions in disposable medical and specialty products, flow control products, electrical and electronic 
components and is the world's largest manufacturer, servicer and installer·offire and security services systems. Tyco 
operates in more than 80 countries around the world and has expected fiscal 1999 revenues in excess of $22 billion." 
This is a virtual carbon copy of the ITT Corporation I knew. Even more scary is the fact that Tyco is operated out 
of Bermuda and is listed on the Bermuda, London and New York exchanges. Not only that, it owns many 
companies such as Grinnell that were part of or directly related to the former ITT Corporation. Maybe the large 
conglomerates of the 1960s have not really disappeared forever, in spite of the "new world order of dot comms." 
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Introduction 

Agreements and Treaties Subject Business Leaders World. Wide 
to Laws of Nations With Which They Transact Business 

by Robert J. Miller, PhD. 
Northern Michigan University 

When Union Carbide Chairman, Warren Anderson, arrived in India shortly after the toxic release in Bhopal in 1984, 
he and seven Union Carbide of India Limited officers and employees were placed under arrest. Though released 
shortly thereafter, 1999 news reports described continued efforts on the part of India to have top executives of Union 
Carbide Corporation face criminal charges in India. While Union Carbide executives contend that all of their 
personal liabilities were settled with. the corporate settlement, the reality is that executives, who never leave home, 
whose corporations deal across national boundaries may find, with the developing international criminal justice 
network, they are held personally accountable for violations, by them or their corporation, of laws or regulations of 
any jurisdiction affected by their decisions. 

A multiplicity of international agreements, · increased international cooperation between regulatory and law 
enforcement agencies, and court decisions allowing nations to enforce their laws outside their borders make it more 
likely that those accused of violations will find themselves dealing with a competent international criminal justice 
system. The multiple jurisdictions and multiplicity of laws faced by executives and other decision makers in 
multinational corporations is especially problematic given a lack of adequate preparation for a world in which 
effective enforcement is rapidly developing. Advice on ethics given to those transacting business with others in 
unfamiliar cultures has not been of much help in preparing them for accountability (Donaldson and Dunfee, 1999). 
Those doing business across cultural boundaries have too often mistakenly concluded that they were free to do 
whatever those they were transacting business with were willing to agree to, or that they were accustomed to doing 
in their own country. The price for behaviors based upon such mistaken views may include, now more than ever, 
legal liability in one or more jurisdictions and its concomitant fines and/or jail sentences. The intent of this paper is 
to look at trends in the development of international agreements, international law enforcement cooperation, and 
developments in international law which expose corporate decision makers to a multiplicity of laws and regulations, 
legal and criminal liability, liability for actions taken by subcontractors, multiple investigatory bodies, and multiple 
jeopardy. 

DEVELOPMENT OF INTERNATIONAL AGREEMENTS AND REGULATION 

The dynamics driving the development of agreements and international law enforcement are currently undergoing 
rapid change. Initially primarily an effort to establish stable legal and regulatory conditions for world peace and 
financial stability allowing world wide economic development, agreements and regulations are starting to be used to 
drive interests other than just economic. 

Transnational Corporations As Driving Forces in the Development and Enforcement of International 
Agreements 

International agreements and the power to enforce these agreements stabilize national economies and the world 
economy benefitting what Karliner (1997) calls "transnational corporations" (TNCs). Through TNCs' influence on 
international agreements based upon and driven by desire for global economic development they have been in a 
position to substantially control and direct the evolving system of world governance. A well developed pattern has 
been established in which policy for the World Trade Organization (WTO) has been predominantly determined by 
those with wealth and power, primarily multinational corporations and the national leaders they are able to control 
(Chatterjee and Finger, 1994; Karliner 1997; and Lappe, Collins, Rosset and Esparza,1998). 

Intense pressure is being brought to bear on national governments to change their laws and regulations in each area 
of trade to br:ing them into conformance with those of other nation's. U.S. laws and regulations, for example, until 
recently required separation of banking, insurance, and brokerage firms. This separation, intended to avoid the type 
of speculative disaster which brought on the Great Depression, was considered quite important to U.S. regulators. 
However, since the U.S. was in the q1inority holding this position in the WTO, it was pressured into changing its 
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laws to confonn with those of othet nations. As a direct result, changes are occurring in the structure of the U.S. 
corporate landscape which include mergers and combinations among banks, insurers, and investment companies. 
Thus, due to pressures from TNCs the U.S. has lost what economists have considered a primary legal protection 
against speculative bubbles. 

Given that the U.S. can be forced to change laws it considers so important, how can other countries with economies 
even more dependent upon world trade for growth and development resist? Since primarily actions which interfere 
with the goals of large TN Cs are readily brought before the WTO as trade violations, countries and the people in 
them are losing their capability to take actions which might benefit their economies and societies _put which are 
opposed as anticompetitive by these corporations (Lappe et al., 1997). As the wealth of large corporations continues 
to increase they are expected to become even more effective at increasing their influence over the international 
political environment. 

Environmental and Other Interest Groups as a New Driving Force 

Events surrounding the meeting of the ministers of the WTO in Seattle, Washington, during the week of November 
29, 1999, indicate that any benefit held by corporate leaders in influencing WTO agreements is coming into 
question. Protests in the streets by those opposed to global development and inside the meetings by those 
demanding that the concerns of all nations impacted by international trade be heard led to a suspension of the 
meetings and indications that future meetings will be more transparent and democratic. (Yerkey, 1999) There are 
clear indications that corporate decision makers will find themselves having to deal with agreements which include 
the concerns of those other than themselves and other corporate leaders. The implications of the existence of 
broader agreements for executives will be more apparent as the trends in international regulations and law are 
examined. In addition to the WTO, TNC leaders are having to deal with international agreements on Human Rights, 
Species Diversity, and any other agreements which gain UN support. 

Developing International Consensus on Limits to Acceptable National Actions 

Some actions taken by individuals are now clearly unacceptable and outlawed through international agreements. 
Evasion of trial and punishment for major offenses is rapidly becoming a thing of the past. As Weller( 1999) points 
out in his examination of the fate of Augusto Pinocet Ugarte, there now exists sufficient international support for 
those accused of violating U.N. accords (ie. committing crimes against humanity) to face arrest and trial in, or 
extradition from, any nation which is a party to agreements with respect to those crimes. The level of cooperation 
between nations is rapidly increasing as more agreements are concluded which not only establish consensus as to 
what constitutes a criminal act, but what should be done to facilitate arrest and conviction of those who are accused 
of committing a crime. 

In addition to this, the well publicized efforts of Terry Anderson, news correspondent held hostage by the hezbollah 
in Teheran, demonstrate support for allowing individuals hanned by the wrongs committed by a government to 
pursue a redress of their grievances in court (AP ,2000). It can, likewise, be expected that individuals hanned by 
decisions and/or actions corporations which violate international agreements will be a.ble to seek justice in courts of 
their nation against corporations and decision makers located in other nations. 

Extension of Agreements and National Laws Beyond Each Nation's Borders 

. Parallel to the development of cooperative agreements has been court decisions supporting the application of U.S. 
antitrust laws (both civil and criminal aspects) to actions taken by decision makers outside of the U.S. with the intent 
of controlling prices in the U.S. (see·United States v.Nippon Paper Indus., 944F Supp. 55). While these actions 
have, to date, been taken by the U.S. against companies and executives of other nations, the precedence has, thus, 
been established for application of laws of other countries to executives in the U.S. when their decisions impact the 
citizens or markets of another nation. · 

There is no clear basis for limiting this extension of a nation's laws to freedom of trade issues covered by GA TT 
(General Agreement on Trade and Tariffs) and GATS (General Agreement on Trade in Services). The precedence 
is being set for any nation to pursue those accused of serious crimes any criminal activity which has its effect within 
that nation's borders or which is planned within that nation, but has its effect outside of the nation's borders. In 
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addition, precedence has been set in the case of Pinocet for a nation to pursue criminals whose crime has an impact 
upon any of that nation's citizens wherever the crime occurs and no matter where the crime is planned. The 
implications of this expansion of national laws is particularly relevant to decisions of executives managing TN Cs in 

. which decisions are made at corporate headquarters, but .implemented at locations scattered around the world. 

Cooperative Arrangements Between National Law Enforcement Agencies 

Interdependence of the world's national economies is increasing both in terms of trade in physical goods under 
GA TT and more recently in trade in services under GA TS. Reductions in trade barriers related to service industries 
(credit cards, banking, insurance, and investment) has generated the development of cooperative agreements and 
arrangements between national regulators. Sidney Key ( 1999) gives an excellent explanation of at least part of the 
dynamic in the financial services sector driving the agreements. between regulatory, and law enforcement, agencies 
of nations. Regulators and law enforcement officials of each nation must be assured that the agencies of other 
nations with which they are freely trading be able to competently enforce mutually beneficial and agreeable laws 
and regulations. Without such assurance there would be no way for regulators or law enforcement agencies to 
assure any protection of their respective populations from fraud, misrepresentation, etc. Agreements are rapidly 
proceeding to assure international cooperation between national regulatory agencies and law enforcement agencies 
capable of maintaining order in international markets. As we shall see below, precedence has also been se.t for 
broader application and enforcement of each nations laws as a consequence of these and other agreements. 

The rapid expansion of agreements mentioned above can be seen in recent bilateral Antitrust Cooperation 
Agreements signed by the United States of America with the European Union, Canada, Israel, Australia, Japan, and 
Brazil as a start. Other agreements are being announced as of the writing of this paper and more can be expected to 
be announced in the future. Under these agreements, executives face cooperation by law enforcement agencies from 
different nations in information gathering, arrest, extradition, and conviction of offenders. These agreements have 
been closely followed by guilty pleas by corporate executives from a variety of nations. Executives have been 
assessed fines and a Swiss Hoffmann-La Roche executive, has pied guilty and agreed to serve prison in the U.S. 
(Department of Justice, 1999). Gone are the days when an executive could simply ignore efforts to investigate and to 
enforce legal sanctions by staying at home. This trend toward multinational and bilateral agreements is reducing the 
variations in laws, regulations, and enforcement procedures, and simultaneously exposing executives to a wide range 
of regulatory and criminal liability. A comparison of the developing relationships between nations to the 
relationships between states within the United States of America is presented below. 

IMPLICATIONS FOR CORPORATE DECISION MAKERS 

The implications for corporate executives of the forgoing developments in the international legal and regulatory 
environment are both apparent and not so apparent. The intended and obvious support which the developing 
international regulatory agreements for transnational corporate growth will not be examined here. Some of the less 
obvious potential, but no less important, implications for executives are, instead, explored. 

Multip_le Jurisdictions and Multiple Investigatory Agencies 

The jurisdictions faced by executives range from local ordinances, through state laws and regulations, to federal 
laws and regulations within each nation in which, or with which, they do business, and to international laws and 
agreements. In addition to the jurisdiction of these various levels of government, there are also different 
jurisdictions depending upon whether alleged violations are civil, criminal, regulatory, or some combination. The 
nature of any alleged violations will determine which investigatory bodies will be involved. 

While international agreements are stabilizing internationally agreed upon standards, executives may still find 
themselves facing criminal charges in several different nations if a decision impacts more than one nation, or the 
people of more than one nation. It is also still possible for executives to find that they are liable for violations of any 
local laws or ordinances which are not covered by international agreements. The cooperative relationships between 
the various law enforcement agencies around the world may still be used to bring them into court in any jurisdiction 
where a violation is alleged. 

The existence of multiple jurisdictions would also be less troubling if executives, or their attorneys, were familiar 
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with the laws, regulations, and cusloms in each jurisdiction in which their organization is dealing. Even wJthin the 
United States we find numerous instances where laws differ from one region or state to another. But the reality is no 
one person can know all the laws and precedents on the books. Since this is an impossibility, the increasing 
multiplicity of jurisdictions will result in alleged violations on a regular basis. 

Possible Multiple Jeopardy When Decisions Affect More Than One Nation 

The use of protection from double jeopardy as an advantage has been seen in strenuous efforts on the part of 
corporate legal teams to establish the venue for trials in regions, states, or nations, where the penalties are less 
severe, the criminal justice systems are less competent, or the ability of the corporation to influence the outcome is 
seen to be greater. If a corporation can count on being held accountable only once for a given action or decision, 
and if it is successful in settling legal liability claims in jurisdictions where costs and penalties are lowest, then the 
existence of multiple jurisdictions can be an advantage. Corporate executives may err, however, in not recognizing 
that multiple charges may be allowed, and even encouraged, in some legal jurisdictions. A manager whose legal 
team is successful in obtain~ng a favorable settlement, as in the case of Union Carbide/Bhopal, may find to their 
chagrin that they still face criminal charges. 

More to the point, double jeopardy as it is known in the U.S. might become obsolete. Executives may find that a 
single decision impacts citizens of many different nations and, as a result, they may have to defend themselves 
against charges in each of the affected nations. The existence of agreements between nations may require that the 
executives be arrested and extradited to any nation seeking to try them for the alleged harm to its citizens. A 
successful defense in one nation might not be matched in another. It is also likely that any information which was 
obtained in one jurisdiction would become available to those seeking to prosecute an executive or corporation in 
another. Executives are advised to clearly state the venue for settlement of any disputes in contracts. However, this 
clear statement of venue, while binding on the parties of the contract, may leave open issues of liability for the 
impact of actions taken upon third parties or in violation of current laws, agreements, or accords. · 

Toward International Law Enforcement 

While the changes which have been occurring can be best described up to this point as primarily favorable to the 
TNCs, it is quite possible that the cooperative relationship between regulatory agencies, law enforcement agencies, 
and investigative agencies of nations will take on a life of its own. These cooperative relationships might easily lead 
development of a corrimon professional bond between those working together. Over time this cooperation might 
result in a maturation process in which these bodies of national representatives come to rely less and less on the 
corporations which have been influential in their initial stages. The consequence might be the growth of a de facto 
world system of law enforcement which extends beyond the current economically oriented system of cooperation. 
The Pinocet development generate support for the extending application of already generally accepted international 
positions on treaty agreements, human rights, and environmental issues, etc. The existence of the UN Drug Control 
Program and its success in generating cooperation between nations of the European Union and Iran for interdicting 
drug traffic from Afghanistan is an example of the type of cooperation which might be expected in other areas where 
agreement is reached as to what constitutes criminal activity. (Peterson, 1999) 

One of the consequences for corporations is the very real prospect of global law enforcement capable of matching 
the globalization of corporations. As global standards develop as to the appropriateness of various types of 
influence of public officials, for example, executives may discover that the influence they have enjoyed exerting 
over officials in various nations is found to be a violation of international law. The consequence which can be 
expected from this is a new class of laws and regulations which are truly international and which, at some point, can 
be expected to be enforced and adjudicated in an international arena, rather than in national courts. 

The developing international legal system •is looking a lot like the relationship between the individual states within 
the U.S. at its inception when the constitution was being developed. Each state retained its own legal, criminal .· 
justice, judicial, and penal system. All rights and powers not specifically delegated to the federal government 
resided within the states. The role of the federal government was to enforce the constitution and Federal laws and 
regulations under it, dealing with relationships between the states, and relationships between the states and other 
nations. This legal arrangement looks much like the relationship between the nations of the world, each of which 
retains "sovereignty" over events within its borders, unless a nation has agreed that those events are the purview of 
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the community of nation states. Through the process of agreeing-to a set of accords at a convention, a nation state 
can bind itself to allowing other nation states to intervene, as these accords start to become the functional equivalent 
of a constitutional law. We can expect that the compilation of international agreements will be taken as the basis for 

· the development of World Court jurisdiction over any action in violation of these accords and a true world criminal 
justice system which curtails the actions of nations and their citizens will ensue. 

Within the U.S., starting from a set of independent states, we have come to a point where strong limits are set on 
actions which if taken by state or city governments might impact on international commerce. The recent First 
Circuit Court of Appeals affirmed this in responding to Massachusetts's effort to ban corporations with business ties 
to Burma from competing for state contracts, saying, " ... the conduct of this nation's foreign affairs cannot be 
effectively managed on behalf of all of the nation's citizens if each of the many state and local governments pursues 
its own foreign policy." (Denning and McCall, 2000, p. 11 ). Similar restraints on the passage and enforcement of 
laws is developing with requirements in multilateral trade agreements that any bilateral agreements between nations 
cannot interfere with, or supersede, those agreements. 

It might seem a long way from the multiplicity of agreements (many bilateral) between nation states to a coherent 
world government, but changes are taking place rather rapidly. The implications of existing agreements are rather 
profound. Recent filings of lawsuits and resulting settlements show that interest groups see the potential for 
applying human rights to curtail the actions ofTNCs. The human rights agreements under which Pinocet was 
arrested and extradited could be used against current leaders of a nation and against corporate executives. If it were 
determined that human rights of protesters against the impact on the environment of Shell Oil Company's activity in 
Nigeria were violated, international police action could be taken against the Nigerian leaders involved, whether still 
in power or not. If it were also determined that Shell Oil Company participated in the violation, then Corporate 
officials involved could also· find themselves facing charges. This may seem far fetched, but not long back it would 
have seemed absurd to expect that someone such as Pinocet would be arrested in Britain and extradited to Spain to 
stand trial for a crime that occurred in Chili, but this is exactly what happened. The question still must be asked: 
Will the community of nations have the resolve to take action against TN Cs if they violate human rights? 
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ON DEVELOPING A SEARCH ENGINE EFFICIENCY MODEL AND ITS APPLICATION 

Donald Wray & Stephen Allen 
Truman State University 
Kirksville, MO 63501 

ABSTRACT 

As the volume of data sources and resources explode on the Internet, users need to be able to access data in a very 
timely, orderly and efficient manner while avoiding data overload. Information vendors have begun to help users 
process the sheer bulk of data by offering a variety of methods free for public use and intended for less sophisticated 
users-specifically Internet search engines and directories. Unfortunately, the search methods of the various 
information vendors lack consistency in their approach. Oftentimes, there is also a clear lack of public accessibility 
to the descriptions of methods employed. To address these oft confusing user issues of choosing search engines and 
directories, this study attempts to categorize many of the more popular search engines based on methods and tools. 
While many search engines provide a likeliness hit ratio or some other index, this -information typically goes unused 
or is inconsistent. To address this issue an efficiency index model will be developed and applied to measure search 
engine efficiency for six different search engines and directories with specific reference to the area of business 
finance. The search engines will then be ranked based on how well they retrieve information that would be helpful 
to a user researching business finance topics. Recommendations will also be provided on the construction of a 
successful search with user limitations of Internet search engines provided. 

INTRODUCTION 

The Internet contains a vast amount of knowledge and details that are loosely organi.zed and poorly referenced. 
According to a study done in July 1999, the Internet contains approximately 800 million web pages and is still 
growing at an astronomical rate (Lawrence, 1999) offering an abundance of choices for finding everything, from 
databases to link indexes to pay-per-view search services. This plethora of information and information retrieval 
services lead to overload for many less sophisticated Internet searchers. 

In tum, Internet searchers attempt to locate their objective via the resource that looks the simplest and most 
straightforward: the Internet search engine (Hock, 1998). However, there are two problems inherent in this method. 
First, there is the choice of exactly which search engine to use. The number of search engines is increasing as 
rapidly as their popularity. Second, there is the difficult task of how to construct the search. Different search 
engines require different methods and their syntax is often confusing. This study develops methodology to improve 
selection and reduce these difficulties to deal with both of these problems, providing input as to which search 
engines are better at producing relevant research material. Tips on developing a search and discussion of the 
limitations and problems with searching the Internet through a search engine are also presented. 

Relevant terms defined 

A search engine is technically comprised of three major elements: the spider, the index, and the search engine 
software. A spider is a continuously running, user-independent program that automatically locates web pages. 
Each web site contains a myriad of links and information; it is the job of the spider to visit the page, read the 
information, and follow the links to other pages in the site. It is called such because it "crawls" all over the web. 
The spider presumably returns to the visited site on a regular basis to check for new and different information 
(Sullivan, 1999). 

A spider feeds the pages it finds to the second component of the search engine, the index. A search engine index is 
nothing more than a huge catalog containing a copy of everything the spider has found. As the spider finds changes 
in web sites, the changes are transferred to the index, although not immediately. It is not unusual for a web site to 
have been "spidered" but not "indexed." Until both happen, the information is not available for retrieval. Thus, the 
speed at which the sites are indexed along with the speed at which the different spiders "crawl" are two major 
causes for substantial differences that occur in the resulting hits when using different search engines (Sullivan, 
1999). 
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The third key element of the search engine is the software used by that search engine. It is also the third major 
~ause for the differences between search engine results. The role of the software program is to filter through the 
millions of pages that have been indexed, find those containing the requested information, and then rank them 
according to their relevance. This relevance ranking is based primarily upon the location and frequency of the 
search terms (Sullivan, 1999), but each engine adds its own specific nuances in an attempt to provide the most 
pertinent results first. These distinctions are why the same web page will be ranked differently using different 
search engines, even though the search terms are the same (Garman, 1998). 

Search engine results are composed of indexed directory hits and web page hits. Users do not differentiate between 
results from individual hits or from indexed directories. Both results attempt to access and provide the same 
information, but do not necessarily point to the same items. The primary difference comes from the manner in 
which the listings for each are compiled. While a search engine utilizes computer software to collect information, a 
directory relies on humari data collection. Short descriptions of a web site are either submitted to the directory by 
the creators of the web site or are written by directory editors after reviewing the site. These descriptions are only 
changed when the site is reviewed, not when the site itself changes. Search engine software then sifts through the 
site summaries to find relevant pages and ranks them as mentioned previously. It should be noted, however, that the 
term "search engine" is used for both search engines and the directories they search for the purpose of simplicity in 
this research. 

Search engine selection 

In determining which of the search engines to test, three different areas are considered. First, ratings of user 
tendencies are examined to get a clearer view as to the popularity of the different search engines available. The 
ratings on popularity came from the Media Metrix and Nielsen/NetRatings services. Second, previous-tests of 
search engine performance are reviewed. Three tests, one by C-NET and two by PC Computing, used what they 
considered to be the best search engines and tested them for accuracy, ease-of-use, and search features (Keizer, 
1999) (Lidsky, 1998). Third, all of the major search engines are examined with regard to their specific search 
characteristics, including index size and search features offered. Using these criteria, six search engines are selected 
for analysis. The search engines are Alta-Vista, Excite, Go/Infoseek, HotBot, Northern Light, and Yahoo. 

METHODOLOGY 

The study began by first choosing specific areas to search pertaining to the area of finance. Representative 
keywords were determined to represent each search area. An assignment of relevancy was made to each resulting 
link based on the known keywords. An efficiency ratio was then calculated from the sum of the relevancy 
assignments and was repeated for each search engine. 

The ranking of the search engines was accomplished by the following method. First, seven different areas were 
chosen that pertain to the area of finance. These choices were intended to encompass a majority of the aspects that 
someone interested in the study of finance would consider relevant. For each of these areas, three to four terms 

. were chosen in an attempt to represent a majority of information found in that area. These areas included derivative 
securities, the capital asset pricing model, capital structuring, capital budgeting, stocks, bonds, and working capital. 
The finance areas, along with their terms, are given in Appendix A. Next, the specific details of the search itself 
were developed. The queries used were combinations of "or" and "and" searches, specifying that hits found should 
contain the relevant area and at least one of the terms. Query examples used for each of the search engines can be 
found in Appendix B. 

In determining the efficiency index modei, the first twenty links were examined and assigned a rating between zero 
and two on a relevancy basis. Links that received two points were considered relevant links. A relevant link was 
defined to be an immediate and perttnent hit, providing the user with useful information about the area. Links given 
one point were rated as semi-relevant. These were links that discussed only one or two of the terms, or provided 
only basic information. Also included in this category were pages that had links to relevant pages as well as pages · ' 
containing college coursework problems and solutions about the area in question. On occasion, multiple hits of 
different financial glossaries that pertained to all of the terms would occur. Only the first glossary link was 
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considered as semi-relevant. Links that received zero points were considered not relevant. These were pages that 
mentioned the terms only in passing or in an outline form. Also included were broken or duplicate links, all 
additional glossaries, college course syllabi, advertisements and descriptions for college classes and business 

· seminars. After each link was assigned its rating, an efficiency percentage was calculated for each search engine in 
that particular area. This was simply the total number of points attained from the first twenty links divided by the 
total number possible ( 40). This process was repeated for each of the seven finance areas for each search engine. 
An average was then calculated for each engine, along with its respective standard deviation. 

RESULTS 

Based upon the efficiency model advanced in this research, Alta-Vista was ranked as the top search engine with an 
overall relevancy rating of 91 of a possible 280 (7 areas with 40 points possible per area) in the specific field of 
finance (Table 1 ). Alta-Vista edged out Northern Light by five rating points. The strengths of Alta-Vista were that 
it contained few glossaries and duplicate links. Alta-Vista was also most consistent in providing relevant hits 
throughout the links that were examined. Despite having the highest relevancy rating, Alta-Vista was found to have 
the largest standard deviation of all the search engines over the different finance areas. Its range spanned from a 
mere 12.5% for capital structuring to 62.5% for bonds (Table 2). Alta-Vista also had the most syllabi and 
advertisements of any of the search engines, as well as the second highest number of broken links. This was 
concurrent with the conclusions advanced by C-Net (Keizer, 1999). 

Link Categories Results 

Link Categories Alta-Vista Excite Go (lnfoseek) Hotbot Northern Light 
Non-Relevant Links (0 pts) 81 100 89 97 85 
Semi-Relevant Links (lpt) 27 23 23 22 24 

Relevant Links (2pts) 32 17 28 21 31 

Total Points (280 Possible) 91 57 79 64 86 
Table 1 

Efficiency Index Model Results 

Finance Area · Alta-Vista Excite Go (Infoseek) Hotbot Northern Light 
Derivative Securities 40.0% 0.0% 27.5% 27.5% 40.0% 

Capital Asset Pricing Model 12.5% 25.0% 40.0% 17.5% 25 .0% 

Capital Structuring 12.5% 12.5% 17.5% 20.0% 7.5% 

Capital Budgeting 25.0% 35.0% 25.0% 30.0% 40.0% 

Stocks 42.5% 5.0% 32.5% 32.5% 27.5% 

Bonds 62.5% 45.0% 37.5% 20.0% 37.5% 

Working Capital 32.5% 20.0% 17.5% 12.5% 37.5% 

Overall Efficiency Ratio 32.50% 20.36% 28.21% 22.86% 30.71% 
Standard Deviation 17.85% 16.10% 8.98% 7.28% 11.88% 

Table 2 

The developed efficiency model rated Northern Light as second overall. Northern Light, with 86 total points, 
provided a higher percentage of its hits closer to the top of the list, actually outperforming Alta-Vista in the first ten 
links. Overall, Northern Light found 31 relevant hits as compared to Alta-Vista's 32. An interesting observation 

. was that Northern Light's relevant hits were usually found on at least one other search engine. Northern Light 
possessed the fewest number of syllabi, duplicates and advertisements. Rankings for Northern Light on glossaries 
and broken links were fair. Most of the remaining zero-point links pertained to aspects related to the area, but 
which were hot relevant links for a researcher. The main detriment was Northern Light's overall volatility, which 
was ranked second highest overall. Ranked third by the model was Go, which scored 79 points overall. Go was 
comparable to Northern Light in the second ten links, but averaged 5% below Northern Light on the first ten. It was 
also very similar to Northern Light on glossaries, syllabi, duplicate links and broken links. Go contained more 
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advertisements than .Northern Light~ but less than Alta-Vista. The chief advantage of Go was that it provided a 
moderate number of hits with lower volatility. However, the results given were not at the same level as Alta-Vista 
and Northern Light. · 

Hotbot came in fourth overall in the rankings, the second lowest of any of those searched. Hotbot achieved 64 
points out of 280. Both the first and second ten links performed worse than the top three search engines. Hotbot 
also returned a much smaller percentage of relevant hits in its point total, having only twenty-one relevant hits to 
twenty-two semi-relevant. While Hotbot's rating on glossaries were better than average and Hotbot produced no 
broken links, this service contained far more advertisements and syllabi than average. In addition,. Hotbot had an 
extremely high frequency of duplicate links. One important point needs to be identified, however. The Hotbot 
search was developed differently than the other three. It would not support the simple "or" query so a Boolean 
string was required. Theoretically, these two searches should have both yielded the same query. The model ranked 
Excite as fifth overall, the lowest ranking of any search engine used in the experiment. Achieving only 57 points 
out of 280 possible, Excite provided far fewer relevant links than any other search engine tested. Excite also 
returned a large number of broken links. Its results varied little between the top and bottom ten links examined, but 
had a high degree of volatility between the different finance areas. In performing the experiment on Excite, two 
factors played a key role in its overall low scoring in the model. As an example, in the area of derivative securities, 
almost all of Excite's top twenty listings involved various SEC filings for different companies. Additionally, in the 
area of stocks, most of its listings came from a site that had recently gone out of existence. Hence, all of the links 
were considered broken. Overall, Excite included twenty-seven SEC filings in its links. Had these two areas not 
been included, Excite would have fared better. · 

In attempting to develop the Yahoo query, it was seen that, like Hotbot, Yahoo did not have an "or" query default 
search, but rather an "and." Since Yahoo did not support Boolean operators, the query could not be conducted in 
the same manner as Hotbot' s search. A correction of this was attempted by using their advanced search page and 
using the search method of"any of the words (OR)." This should have provided a search very similar to those 
found on the other search engines. However, it was determined that there was a problem with the Yahoo search. 
The three methods entitled "intelligent default," "all of the words (AND)" and "any of the words (OR)" all gave the 
exact same results when searching for the same terms and notation. Therefore, due to engine problems and relative 
incompatibility with the other engines, Yahoo was precluded from the experiment and given the lowest overall 
ranking of six. 

CONCLUSION 

The results of.this experiment seem to support the general conclusion that a simple search using an "or" query is 
sufficient to locate relevant material for finance research. The top two search engines, Alta-Vista and Northern 
Light, outperformed Go, Hotbot and Excite in the search for finance material. This does not necessarily mean that 
Alta-Vista and Northern Light are superior engines in the field of finance. Prior results from search engine reviews 
actually point to Hotbot, Go and Excite as among the top search engines available, outperforming Alta-Vista and 
Northern Light in previous competitions (Keizer, 1999). The reason for this discrepancy relates to the specific 
development of the search query. Attempting to conform to the style and competency of a less-sophisticated user, 
this query was limited to only basic commands and Boolean operators and was developed with the intent of user 
ease. Since b_oth Alta-Vista and Northern Light are better able to accommodate a simple query, they-were able to 
outperform Hotbot and ·Go, which lean towards power searching with a complex syntax. · Their reasons for 
outperforming Excite, which also tends to better accommodate a simple query, stem mainly from Excite's 
aforementioned problems. Thus Alta-Vista and Northern Light appear to be preferable using this type of simple 
query. 

A second conclusion involves the general efficiency of the search engines in the different finance areas. Overall, 
the engines were less efficient in those areas that provided a more general level of terms. Areas that used more 
specific terms, such as derivative securities, tended to have overall efficiency index averages higher than areas like 
capital structuring, which utilized more general terms. This tends to support the advice given by search engine help 
pages that specific queries will lead to more pertinent results .(Hotbot, 1999). 

The existing procedures for Internet search engines and directories are limited; the best search engine did not even 
achieve an efficiency rating of one-third. It is further noted that the results that were procured were vastly dissimilar 
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among the different engines, even though they were presumably searching the same domain using similar methods. 
This leads to one of two possible conclusions. The first possibility is that the software used by the search engines 
contains sizeable differences that rank these pages in different order according to some specific hierarchy of 
relevancy choices. These differences would be determined by the software and are therefore inherent. The alternate 
possibility is that there is some consistency error in the spider or index capabilities of the search engine. This would 
indicate a deficiency in the search engine and could thus be improved by further development, either in accuracy or 
expansion of the overall size of the search· engine universe. 

A final reflection on the limitations of search engines concerns the numerous links that lead to data immaterial to 
research-related searches. The Internet abounds in information relevant to different segments of society; the 
Internet search engine models_ a general approach that attempts to reference all of these. Therefore, Internet search 
engines intrinsically maintain a distinct disadvantage as compared to more specific and more complex s.earch 
methods. The major advantages of using an Internet search engine lies in the size of universe and simplicity of use. 
Partial solutions to this disadvantage include the modification of the search query. The efficient use of an exclusion 
(-) term, using the words "sale" or "syllabus," could possibly limit the extent of immaterial links in the overall 
results. 

A final test was made centered on performing a search query modification to determine if there would be a material 
improvement in the results. The Excite search engine was chosen using the area of derivative securities, where 
Excite had previously produced zero points. The search was revised so that any links containing references to the 
SEC were excluded (See Appendix B). Performing this search, Excite returned eleven points out of forty, or an 
increase of 27.5%. This is a significant improvement, bringing Excite to a par with the Go and Hotbot search 
engines. While the significance of the changes would vary with different modifications, this result lends credibility 
to the assertion that modification can improve a search. 

The explosion of the Internet has had a significant impact on the access society has to information. Search engine 
companies have attempted to match this expansion by modifying their engines to include a greater percentage of the 
Internet and developing techniques that enhance retrieval of information (Sullivan, 1999). Recent expansions 
include the October 1999 Alta-Vista upgrade of their index size and ranking software and the Excite expansion in 
overall index size, boosting Excite to its current rank as the largest single Internet search engine. Other Internet 
search engines will quickly follow suit or fall behind. The rapid pace at which these changes have occurred 
necessitates continuous testing and refinements in models to compare these engines and will require that an 
increasing amount of time and effort be put into this area. 

BIBLIOGRAPHY 

Garman, Nancy (1998), "Head to Head: Searching the Web Versus Traditional Services," Online, May/June, 24-
28. 

Hock, Randolph E. (1998), "A Field Trip," Online, May/June, 19-22. 

Hotbot, (1999) "Getting Started," <http://www.hotbot.com/help/tips/getting_started.asp> (13 May 1999). 

Keizer, Gregg, (1999), "Search Engine Shoot-Out," April 7, <http://home.cnet.com/category/topic/0,10000,0-3817-
7-276910,00.html> (18 Aug. 1999). 

Lawrence, Steve and Lee Giles, (1999), "Accessibility and Distribution oflnformation on the Web." Nature 
Magazine, July, 107-109. 

Lidsky, David and Nancy Sirapyan, (1998), "Find It on the Web," December, 
<µttp://www.zdnet.com/pcmag/features/websearch98/intro.html> ( 18 Aug. 1999). 

Media Metrix, (1999), "Top Rankings," September, 
<http://www.mediametri~.com/TopRankings/TopRankings.html> (4 Oct. 1999). 

152 Proceedings of the IEMS 2000 Conference 



Nielsen//NetRatings, (1999), ''Search Engine Ratings," April, 
<http://www.searchenginewatch.com/reports/netratings.html> ( 18 Aug. 1999). 

Sullivan, John, (1999), "How Search Engines Rank Web Pages." 
<http:/ /searchenginewatch.internet.com/webmasters/rank.html> ( 13 May 1999). 

Sullivan, John, (1999), "The Search Engine Report: Popular Articles." 
<http://www.searchenginewatch.com/sereport/bysubject.html> (11 Oct. 1999). 

Finance Area 
Derivative Securities 

Stocks 
Bonds 
Workin Ca ital 

Search En2ine 
Alta-Vista, Excite, Go, 
Northern Light 
Hotbot 

Modified Excite Search 

Yahoo 

Appendix A 
Listin of Finance Areas 

Terms 
forward contract, futures contract, ut o tion, call o tion 
securi market line, ca ital market line, beta 
financial levera e, dividend olic , c.ost of ca ital 
net resent value, internal rate of return, discount rate, sensitivi anal sis 
dividend ield, discounted cash flow valuation, ca ital ains, reem tive ri ht 
discounted cash flow valuation, volatili risk, ield to maturi 
·ust-in-time invento , cash conversion c cle, net current assets 

Appendix B 
Examples of Search Engine Queries 

Example of Query (usin2 area of derivative securities) 
+"derivative securities" "forward contract" "futures contract" "put option" 
"call option" 
"derivative securities" AND ("forward contract" OR "futures contract" OR 
"put option" OR "call option") 
+"derivative securities" "forward contract" "futures contract" "put option" 
"call option" -SEC 
Disqualified 
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INTERACTIVE TUTORIALS: ASSESSMENT 
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Recent years brought various teaching tools which are accessible, often vja Internet/Intranet. One group of these 
tools, tutorials and interactive tutorials in particular, can be used to strengthen comprehension and retention of the 
material covered in a course. The paper focuses on an assessment issue of such interactive tutorials offered in 
electrical engineering/technology courses taught by the author. 

SOFTWARE TOOLS AND PEDAGOGY 

Many authors 1
·
5 reported an application of various educational software used in, and outside a classroom to 

improve teaching/learning outcomes. The vast list of such educational tools includes authoring software, 
multimedia, and electronic documentation, accessible via Internet, etc. 1•

7 The modem software tools allow an 
instructor to create a variety of electronic documentation/tutorials. · 
Here, we will focus on one group of such educational tools namely, tutorials, and in particular interactive tutorials. 
In the paper, we define a tutorial as an electronic documentation accessible through web site, laboratory PCs, 
Intranets, etc. The crucial factor is accessibility to a document by a student anytime and anywhere. Furthermore, we 
assume that student is aware that tutorials are for his/her own benefit and none of the results are monitored by an 
instructor. Thus, the fear factor is eliminated by accessing a document free of worry about possible "punishment" 
due to bad results. 

Development of such applications does require not only time investment on part of an instructor but also a positive, 
supportive attitude toward such activity from administration. 
The development of tutorials can be accomplished through programming using variety of software packages or 
specific programming languages. Various software, available at discount prices to educational institutions, does 
require a diversified level of sophistication in programming skills. While elementary skills are needed to produce a 
tutorial using MS PowerPoint, while dramatically advanced programming sophistication is required to create an 
applet in Java, or JavaScript. 1

•
4 

Many universities, though, do provide assistance through internal educational services. 

Pedagogical research strongly indicates that active learning performed in a nonthreatening environment improves 
learning outcomes irrespective of learning styles. 8 

Furthermore, an integration of teaching/learning processes does increase understanding and retention of the 
covered material. Capstone courses, case studies, laboratory projects achieve that by transforming students into 
active leamers.9

•
10 

Therefore, one would conclude that by the utilization of educational tools such as electronic tutorials students 
would enhance their educational experience by gaining better a understanding and retention of the studied material. 
To assess the validity of this hypothesis, we analyze students' evaluations with the following understanding of an 
assessm~nt concept. 
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ASSESSMENT 

Assessment has been recognized for a long time as a vital factor in providing necessary information for 
improvements in educational processes including teaching effectiveness. 11

•
15 

In the paper we will adopt Astin's I Ia philosophy of an assessment. According to Astin, the assess·ment can refer to 
two very different activities: · 

a. the gathering of information (measurement) 
b. the utilization of that information for improvement (evaluation). 

Furthermore, Astin108 uses the input-environment outcome (I-E-O) model, as in figure 1, as a conceptual guidance 
for assessment process. 

Environment 

~ 
Inputs 

I .... _O_u_t-co-m-es-..... 

Figure 1 

In the model, inputs refer to the personal qualities of a student at entry time, outputs or outcomes, refer to the 
desired "talents", and the environment refers to the student's actual educational experiences. 
According to Astin:"a fundamental purpose of assessment and evaluation is to learn as much as pcissible about how 
to structure educational environments so as to maximize talent development." 

What about a subject of assessment? To implement any assessment methodology it is required to have a clearly 
defined object or process to be measured. McMillan 12 states:"the first issue of assessment is knowing what will be 
measured." 
We will analyze the results of students' evaluations of electronic documentations, which include web based 
material and fully interactive tutorials. The improvements in specific skills and knowledge are expected outcomes. 
Thus, we will understand assessment in a broader sense, according to Astin's interpretation 11

, with a clearly 
defined outcome in the assessmnet process. 

The literature which deals exclusively with an assessment issue devoted to modem educational technologies is very 
rare,6•

7
•
17 with systemic approaches even scarcer. Study by Douthit17 reported the asses·sment of the utilization of 

multimedia technologies, limited in scope, to primary education in South Central Pennsylvania. Beyond occasional 
articles about anecdotal evidence, the author is not aware of the similar studies done for higher education 
institution, especially in engineering. 
Do new technologies deliver unequivocal improvements of outcomes? The answer again is SOI!)._ewhat ambiguous, 
depending on the subject area. Rothenberg 18 reported a decline in quality of research papers written by students, due 
to uncritical web searches and quite limited usefulness of the web as a source of information. His report is limited 
to nontechnical subject matters and is contrary to the observation of the author. The observations of the author are 
essentially in technical areas and are quite opposite in conclusions. The difference can be explained, in the author's 
opinion, by considering -input-based assessment. 11 Namely, in the author's observation, students in technical fields 
tend to evaluate web information more critically than students of the nonquantitative area of study. The difference 
in "input" qualities or skills of the students, such as ability to sort out and prioritize the information, may explain the 
difference in observations. 
Thus, one can ask whether the subject of evaluation and the characteristics of an evaluator have any impacron 
assessment outcome? The answer is positive as one could deduce. Namely, Bassin16 showed that courses with 
quantitative content tend to get lower ratings than nonquantitative courses. Also, Astin I lb reported that in an 
assessment of overall satisfaction and satisfaction related to courses in a major, courses with considerable 
quantitative content (science, engineering, and economics), tend to get low ratings. 
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One would, therefore, infer that the same phenomenon occurs in a self-assessment process in quantitative versus 
nonquantitative subjects or areas. 
Ultimately, the goal of an assessment is to bring about an improvement of outcomes. Thus, an instructor should 
benefit from an assessment process by drawing conclusions to him/her-self. In this role, an instructor, given a 
feedback from assessment, becomes a learner. 11

c 

Here, we will provide the results of students' surveys which are based on the students' self-evaluation of their 
experiences in the circuit analysis ( electrical engineering) and microprocessors ( electrical engineering technology) 
courses, which are obviously highly quantitative in content. 

TUTORIALS 

The two courses in which the author performed the multimedia/tutorial assessment were circuit analysis ( electrical 
engineering sophomore year) and microprocessors ( electrical engineering technology) courses. The material 
covered involves main concepts of circuit analysis including nonhomogeneous differential equations, and in the 
case of microprocessors, architecture and assembly programming. In author's judgment the classes are rather 
difficult for students and any additional educational tool would have been most appreciated. T·o provide students 
with additional, active exercises or reviews, to be performed in an interesting way, were the main factors, which 
motivated the author. 
The author applied a multimedia format in a lecture delivery when appropriate. Students had access to fully 
interactive tutorials created by the author using Authorware 4.0, 19

•
20 accessible from classes' web sites. Fully 

interactive tutorials require students to type in the correct answer. Students have three trials for each 
question/problem. In the case of correct answer the student proceeds further in the tutorial. In the case of an 
incorrect answer, a student is given either a correct answer, with a short explanation, or is referred to a particular 
section of the material for review. Students know that the tutorials are set up for their own benefit and that results 
are not collected by the instructor. Thus, the fear factor is eliminated and students could review tutorials without a 
time limit (software allows to impose time limit) and as many times as they wish. The important benefit of the 
tutorials, is an instant feedback which students get upon tutorial completion. (See figure 2.) 

SURVEYS RESULTS 

To evaluate the impact of using the multimedia format, in lecture delivery, and the usefulness of interactive 
tutorials, the author distributed the questionnaires to students after the course was completed. The anonymous 
answers were returned to the author via campus or regular mail. The two opinion statements asked in 
microprocessors class were as follows: · 
1. The multimedia format of presentation helped me to better understand the material. 
2. The Web Tutorials available on Internet helped me to better understand the programming details of 68000-

microprocessor assembly language, 
and in circuit analysis class were as follows: 

1: The multimedia format of presentation helped me to better understand the material. 
2. The Web Tutorials available on Internet helped me to better understand the material covered in EE210. 

In both cases the students had to respond by circling one of the following answers: 
Strongly Agree Agree No Impact Disagree Strongly Disagree. 

Excel diagrams showing the combined results for both classes are displayed in figures 3 and 4. 
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The numbel' of "f il·st tl'y co1·Pect choices" is: 5 

The numbel' of "coP1•ect cho ic~s" is: 6 

Figure 2 

The results, although based on small size of a sample, limited to students taking microprocessors and circuit 
analysis, -usually below twenty for the combined number, were very positive. One student wrote a one page letter 
indicating a very significant, positive impact of multimedia/tutorials in improving his/her understanding of the 
difficult material. There was one comment about a "mishap" in the running of the tutorial under Windows screen 
due to the fact, as author believes, of not knowing how to change screens, not to a faulty program. 

In addition, the author noticed an improvement in understanding of the covered material during the fall' 98, spring' 
99 semesters, relative to previous semesters. This "subjective", a nonquantified result combined together with a 
quantified outcome of the survey, gives the author a strong motivation to extend the approach to other classes. 

CONCLUSION 

Electronic Tutorials should be viewed as an additional educational tool at instructor's disposal. Incorporated in the 
teaching/learning environment, it will provide an enhancement in the understanding and retention of the studied 
material. By running the tutorials, stµdents work at their own pace, in a nonthreatening environment. Web-based 
material offers accessibility anytime and anywhere. 
To improve effectiveness even further, an instructor should monitor the learning process and take advantage of the 
assessment tools, to make a "fine tuning" to the educational process. 
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Multimedia Assessment: Multimedia format was helpful to 
understand the material better. 

2 3 4 5 

<--- Strongly Agree Strongly Disagree---> 

Figure 3 

Multimedia Assessment: Interactive tutorials available 
via Internet were helpful. 

2 3 4 5 

<--- Strongly Agree Strongly Disagree ---> 

Figure 4 
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Abstract 

Distance learning has become the buzzword for both business and academia. The author of this paper combined 
distance learning with the traditional classroom to conduct a marketing internship class. In addition, many of the 
students who participated in this class were working an internship in the surrounding community. Thus, learning 
took place in three forums: the chat room, the classroom, and in the workplace. The author will share the 
experiences of holding a class face-to-face versus screen-to-screen within the same semester. Also, student response 
to this type of learning will be shared. 

IntroductiQn 

The Internet has truly changed the way we do almost everything today. Chat rooms have becom~ a popular 
conimunication channel within the Internet. Online chat has already proven popular with those who use the Internet 
on a regular basis. ( Cleland, 1997). As many as 16,000 chatters turned out for a "chat" with Rosie O'Donnell 
when AOL hosted a chat with the talk show host/actress (Stone, 1997). 

Chat rooms can be real-time chats or messages where interested parties can post their online opinions about specific 
topics or events. During the Princess Diana tragedy there were 52 chat rooms up and running within two hours of 
the story's gripping early hours headline (Stone, 1997). Some sport room chats will charge admission although most 
chats are free. Sponsorship has become popular and banners containing a sponsor's message (similar to 
commercials) may be seen during chats. From a marketing standpoint this provides a target market for a product as 
chatroom users are usually focused on the same topic or area. 

How do we take the chatroom format and use it in education? Specifically how do we use chat rooms in a 
classroom setting where the class meets in person, face to face, as well as in a chat forum? How can this method of 
instruction enhance a course which already meets face to face in a traditional classroom setting as well as an outside 
field experience (i.e. internship)? 

General Information 

The author is the internship coordinator for the marketing department where she is a member of the faculty. 
Internships are generally outside the university for junior or senior students who would like to get an opportunity to 
work in t~e "real world" for both the experience and learning they provide. Internships usually are required to be a 
set number of hours at the place of business and as was the case in this university, a traditional classroom setting 
was used on a weekly basis as well. Therefore students attended class as well as worked their internship hours and 
carried a full load of other classes. 
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Because of the amount of time-spent at the internship site and the time coming to the class, students were having a . 
difficult time meeting all the hours required for both. In addition, the class was held later in the day when students 
could be working their internship hours. 

Students were still required to come to class on an every other week schedule. On the off weeks, a· chat room was 
used to meet with students A time was set up to chat which did not interfere with any of the students' work time 
(9 :30 p.m. until 11 :00 p.m.). This was the first time anyone in the university had used a "live chat" for a class. 

Justification for Chat Room 

The author was not ready to disband the traditional classroom setting for a true distance learning experience. 
Coming from a small private liberal arts college in the south, the chat method alone goes against the "high touch" 
philosophy of the university under study. Small class sizes (1/15) and a lot of face to face learning are considered 
paramount for the tuition and expectations the students who attend have come to expect. Therefore the student 
body of this university would not accept a class, which was held with total distance learning. 

When the author decided to try a chat room approach to learning she quickly made a list of objectives she felt ·would 
come from this type of leaning. They were: 

1. To introduce a new way of conducting a class not set up to fit within the traditional 
classroom setting. · 

2. To allow the student to work a broader set of intern hours by holding the class at a non 
traditional time (later in the evening) 

3. To continue a weekly dialogue with the interns. 
4. To allow all the interns to share their experience with each other as one.method of 

learning. 
5. To develop a networking system among the interns. 
6. To continue to experiment with allowing the Internet to become a compliment to the 

classroom. 

Chat Rooms 

Chat rooms have been defined as just that, room (albeit cyberspace rooms) in which to chat (talk). Joe Kilsheimer 
of the Orlando Sentinel Staff sates that " Of all the things one can do in cyberspace, "chat" is among the most 
captivating. There are real people on the other side of those computer screens. Physically, they are all in different 
place, scattered around the globe. But on the chat screen, everyone is in the same place at the same time." 

Thus the difference between chat rooms and a bulletin board on the web is that chat occurs in "real time". The 
answers one types and receives are done in the present. Chat rooms will continually be redefined but most of the 
time they are themed around certain topics. 

Distance Learning 

Distance learning is similar in that teachers and students interact even though both time and space (meaning face to 
face proximity) may separate them. The key advantage of distance learning is that it saves time. Distance learning 
has become popular among universities that are looking for revenue among older, non-traditional students who do 
not have the time to come to the university from their job site. People with full time jobs can choose the "best" 
times to do their coursework. This may mean the weekend, late at night or before work in the morning. 

Technology (or how to get it set up) 

A representative from the Center.for Information Technology within the university met with the professor a month 
beforehand to discuss the needs of the professor and what could be provided within the constraints of the centers , 
current technology base. Because no one had used a "live chat" before, security measures had to be taken to ensure 
that only the students chatting would be logged into the chat room and the room itself would be the only place the 
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students could go (meaning no private side room chats). A special code word was given to the students by the 
professor to log into the room 

Discussions were held about others (hackers, etc.) being able to get into the chat room and about chatters going into 
private rooms during the chat time to hold their own chat. Only one room was created with no sidebars or tools to 
allow users to get into other rooms. It was also decided that very few persons beyond those doing the internship 
would be interested in the chat going on and so no other precautions were taken beyond the password. 

The chat class had to be cancelled once due to some technological glitches. The university computers could only 
reach the students who were connected on campus so students who were off campus could not log into the chat 
room. This was corrected before the second class. The ~tudents were able to enter the chat through their online 
accounts at the university or for commuters, the chat could be reached through other outside portals such as America 
On Line. 

Actual Chat Room Time 

The first class was a learning experience as most of the class was spent trying to log on to the chat room itself. 
Many of the students (and there were twenty two), were able to get on but did not think they were on and spent 
much of their time typing the phrase, "Am I on?", or "Is someone out there?" After much assurance and a few who 
lost the connection the class was conducted. The professor was able to take roll by checking to see who had logged 
on at the beginning of the chat. As usual there were a few late chatters and a few who left early. The ones who left 
early did not realize that the professor could see who was currently chatting by checking who was logged on. 
During next week's class (which was held face to face), the author was able to discuss this matter with the o°ffenders. 

The next time the chat room was held the chat went much smoother and more was discussed than the ability to log 
into the chat room. The professor had a series of questions to pose to the students and began the discussion. At 
times, all of the students wanted to "talk" at once. This was most refreshing and frustrating. Having so many hands 
go up at one time is good to see in a face to face class but in ~ chat can become a clutter of typed sentences. It is 
almost like a cocktail party with many conversations going on in a large room and only having the ability to focus 
on one or two. 

It proved somewhat frustrating in that many of the chatters talked over each other with questions and answers filling 
the screen faster than the professor could respond. There was also some playful banter that a few of the students 
engaged in during the chat. The professor decided to join in at one point and it was surprising to the students, as 
they did not think the professor knew what was going on. Although in the classroom the students in the back may 
occasionally "get away" with doing something a professor may not see, it is quite difficult in a chat room that one 
can not read the typed word. 

When the professor met face to face the following week some of the chatters commented on the fact that the "horse 
play" although amusing, took away from the topics being discussed during chat. It was decided in class that the 
conversations in the chat room would focus on the topics at hand. 

The following chats during the semester were informative and the addition of chat room with face to face classes 
was the follow up that could be held if a topic were not discussed fully during chat. Topics could be expanded and 
flow from chat to classroom and back again. Homework assignments were made in the chat room to be brought to 
the classroom. It should be noted that just as in class, some of the chatters did not read the assignment that was 
typed in for them. 

The author felt that the chat room allowed a chance for everyone to chat and that when called upon in chat the 
responses from those who did not participate as much during live class was insightful and pertinent. A benefit of a 
chat room may then be that it allows all parties to speak from a forum in which nonverbal facial expressions are not 
seen anq those who do not speak as much in class feel they have the freedom to do so in chat. 
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Tips for Setting Up a Chat Room 

The following are some tips for those who are considering a chat room to accompany a regular class through out the 
semester. 

1. Consider "why a chat room?" Are you setting up the chat for novelty, experimentation, instead of class, or do 
you feel that a chat room will add something more to face to face meeting time. 

2. Contact the appropriate sources as soon as possible. If you need to have the technology installed into the chat 
room make sure you contact the appropriate resources promptly. It took almost a month or the authors 
information technology department to get all the necessary approval and actual time to set up the chat room. If 
decided upon ih the middle of the semester it may be impossible to have it up and running before the end of the 
semester. 

3. Look at the number of students enrolled. There may be an optimal amount of people for a chat room. The 
author felt that twenty-two students might have been too many for a chat room as it was difficult to "hear" from 
all twenty-two within the chat room time. 

4. Understand there may be glitches. If glitches occur such as logging on, the chat room is not doomed. As with 
the current author, the first chat was more an experiment than an actual discussion of in class material. · 

5. Have a contact person in the IT department in case glitches do occur. The author was given the name of one 
person who proved to be her resource during the chat time. Telephone calls and e-mails after hours were made 
during the initial set up phase. O_nce a week e-mail or phon~ calls were made to keep current of what was 
happening in the chat room. 

6. Accept what can and can not be done. Not every university is technologically capable of setting up a chat 
room with all the bells and whistles. Be willing to work within the boundaries of your universities IT 
department. 

7. Have a fall back plan. If a real time on line chat is not possible a bulletin board where messages may be left 
and viewed at other times may work. 

8. Be flexible and adventurous. With the speed in which technology changes today, what you are doing today 
may become outdated or improved by tomorrow. 

Tips for Conducting an Online Real Time Chat Room 

The following is a list of suggestions the author feels may help when conducting a chat room for the first time. 

1. Prepare the students ahead of time. During a class period make sure the students understand what will be 
going on in the chat room. Tell them why you are using a chat room and what to expect. 

2. Offer rules of chat. What is and is not allowed in the chat room are paramount to its success. This includes 
vulgar language, code words, etc. Although not conducted during the chat room time, a few of the students 
found a way to go to a side room and during some of the disagreements discussed in chat, participated in vulgar 
language without the professors knowledge. 

3. Stay with a time for meeting. Set up a time and tell the students they will be expected to log on within five 
minutes of that time. 

4. Plan_your discussion ahead of time. It was critical for the author to have many questions written down ahead 
of time so as to keep the conversation going. When there is too much of a lull iri the conversation, topics that 
are not part of the discussion tend to creep into the chat and take over. 

5. Have a preprinted roll sheet. When students are logging into the chat room it makes it easier to take roll with a 
preprinted check sheet. 

6. Stay in your professorial roll. The author became so involved in a side discussion that she forgot her roll as 
leader of the chat and became involved in a discussion that was not part of the initial chat. 

7. Know when to quit. At times chat ran longer than expected and at times it was over sooner than the hour given 
for chat. If you have covered all of the objectives for the evening do not try to artificially add to the class for 
the sake of time. Let the chat room out a little early for the day. _ 

8. Address the chat in face to face class. Allow the di_scussfon from class to become part of the discussion from 
the chat room. 

9. Call on members in chat. Stay aware of who is chatting and be willing to call on those who have not 
participated for a while. 

10. Keep a sense of humor. 
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Student Reaction 

Although a formal opinion poll was not taken after the chat class the author met with each student individually to 
discuss the chat room as well as other aspects of the class. The reactions were mixed. Some of the student liked the 
idea of meeting later then regular classes and being able to meet in their own rooms instead of in class. Others felt 
the chat a waste of time as they felt they felt it did not have the discipline that the classroom setting provides. Those 
that liked the chat were those that participated heavily in the chat room. The students overall seemed to be mixed on 
whether it should continue. As stated earlier, this was the first time a real time chat room was used at the university 
and as with anything new there will be glitches in the system. 

Students are learning to accept different forms of instruction with the advent of the Internet and will grow 
accustomed to using technology in ways they had not thought possible before. By trying to become a part of the 
growing trend toward distance learning and chat rooms it was the authors desire to "see what would happen." 

Future Uses 

Because internships are conducted off campus and most internships are during the summer months when student are 
off school the chat room may be a way to bring students who are all over the world with an internship experience 
together in a chat forum. This may allow classes from the university to continue when the students are not 
physically in the classroom. 

Conclusion 

Although chat rooms have been up and running within cyberspace for years, only recently has academia seen fit to 
attempt to incorporate them in the classroom. This may be a mistake, because although technologically 
cumbersome to start, chatting may prove to be an enhancement to the classroom. When used with an internship class 
it makes sense all around as the internship experience itself is one that uses field experiences instead of classroom 
time. Therefore a chat room appears to be a natural extensio~ of the internship classroom. 

References 

Cleland, K. (1997). Chat backers are turning talk into action. Advertising Age, 68 (4), 32-33. 

Stone, M. (1997). Chat rooms gain new respectability. Editor & Publisher, 130 (48), 24-28. 

Kilsheimer, J. (May 6, 1995). Can we talk? It's an easy thing to do in chat rooms. Orlando Sentinel. 

164 Proceedings of the IEMS 2000 Conference 



COMPARING STUDENT SATISFACTION WITH INTERNET BASED COURSE RESOURCES 

Warren A. Beatty, Ph.D. 
University of South Alabama 

INTRODUCTION 

The growth of Internet users continues to accelerate, and the number of households in the Uuited States with 
computers and Internet access also continues to grow. Current estimates indicate that over fifty percent of the 
households in the United States have microcomputers, and over ninety percent of those are connected to the Internet. _ 
(2) There is no question that the Internet has become both widespread and convenient to access. 

The Internet also continues to grow as an asset for higher education. Domainstats.com reports that there are 
currently 5673 "edu" domains, up from 5238 last year. (3) All Colleges of Business currently accredited by the 
International Association of Management Education (AACSB) have Interriet web sites. (4) The number of colleges 
and universities currently offering courses via the Internet continues to increase. International Data Corporation 
reports that the number of higher education institutions offering distance learning opportunities has grown 
dramatically. (5) Estimates are that by 2002, 85% of two year colleges and 84% of four year colleges will be 
offering distance learning opportunities. The number of college students enrolled in Distance Leaming courses will 
reach 2.2 million by the year 2002, up from 710,000 in 1998. The Internet is unquestionably an educational 
medium of significant value and consequence, with its importance continuing to grow in the future. 

This research examines student satisfaction with the Internet as the primary source of course information .. 
Specifically, graduate students taking courses via the Internet, so called "Distance Leaming" stude~ts, are compared 
to "traditional" students taking the same courses and utilizing the Internet as the primary source of course 
information. Previous studies have confirmed that a major_ity of graduate students at the University of South 
Alabama are satisfied with the Internet as a primary source of course information. This research extends the 
previous student satisfaction research by examining the satisfaction levels of the Distance Leaming graduate 
students and the traditional graduate students. ( 1) 

RESEARCH FOCUS 

The research examines the levels of graduate student satisfaction with the Internet as the primary source of course 
information. "Primary source of course information" means that students must access the Instructor's Internet 
homepage for the course syllabus and schedule, assignments, examples, and examinations. Distance learning 
students are obviously required to access course information via the Internet. The key concept in this research 
focuses on the use of the Internet by traditional students who interact regularly with the course instructors in classes. 
In this study the traditional students are required to access the Internet for course information in a manner identical 
to the distance learning students. This research attempts to determine if levels of student satisfaction with this 
method of course information access differ between the two groups of students. 

Students from four courses taught by the author during the Fall, 1999, semester participated in the research. A total 
of sixteen distance learning students and thirty traditional students were asked to indtcate their levels of satisfaction 
with the use of the Internet to access course information. They were next asked to indicate two or three (or more) 
reasons why they answered as they did. These reasons were then grouped into categories. 

RESEARCH HYPOTHESES 

The following research hypotheses were examined with respect to levels of student satisfaction with the Internet as 
the primary source of course information for the two groups of students. 

H 1: Distance learning students' levels of satisfaction are similar to traditional students' levels of satisfaction. T4i,s 
hypothesis states that both groups of students are equally satisfied with the Internet. This implies that the traditional 
students are no different from distance learning students with respect to the use of the Internet. Even though they 
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study in the traditional classroom environment, traditional students are no different from distance learning students 
when accessing course information. 

H2: Distance learning students' reasons for their satisfaction levels are similar to traditional students' reasons for 
their satisfaction levels. This hypothesis states that both groups of students are similar with respect to reasons why 
they express the levels of satisfaction. 

THE INTERNET HOMEPAGE 

The Internet homepages used by the graduate students are the author's academic homepages. The distance learning 
students access one version of the homepage via the eCo~lege server. eCollege is the Internet Distance Learning 
provider utilized by the university. The traditional students access another version of the homepage maintained on 
the Mitchell College of Business server. Both pages have the same information. The only difference is the format 
of the information in the pages. The pages are designed to provide student access to general information, such as 
office location, telephone number, and office hours, as well as information about courses being taught each 
academic semester. Each course being offered during the semester has four types of information: course syllabus, 
assignments, information to supplement the course texts, and example information such as examinations, problems, 
and spreadsheets. New assignments and example materials are added as they are developed, resulting in a current 
source of course information. Any changes, additions, or deletions during the semester are announced during class 
and via e-mail. Students are encouraged to retrieve the updated materials. The author's homepage address is: 
http://mcob.usouthal.edu/wbeatty/ The eCollege homepage can be found at: http://eCollege.com 

DATA COLLECTION 

The University of South Alabama College of Business conducts student evaluations of faculty each semester, 
usually one or two weeks before the end of each semester. In addition to the evaluation forms provided by the 
Mitchell College of Business, the author distributes a questionnaire designed to ascertain the opinions of the students 
regarding the use of the Internet homepage as the primary so~rce of course information. The questionnaire is 
provided in the appendix. Students are asked to rate their levels of satisfaction with respect to the availability of 
these course materials on the Internet homepage as compared to the more traditional printed course handouts. 
St,udents are also asked to explain why they respond as they do. The questionnaires are distributed 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 each semester. The questionnaire does not measure student satisfaction with the course, its 
topical contents, or the professor. 

During the Fall, 1999, semester the author taught four sections of two courses. Two sections were taught in the 
traditional classroom environment, and two sections were taught in the new distance learning environment. . These 
were the first two courses taught via the Internet at the University of South Alabama. A total of sixteen distance 
learning students and thirty traditional students were in the courses and completed the surveys. 

The thirty traditional students completed the questionnaire at the beginning of a class period. The questionnaires 
were collected by a faculty colleague and held until the end of the semester to ensure confidentiality. The same 
questionnaire was distributed via e-mail to the sixteen distance learning students. They were asked to respond to the 
questionnaire via e-mail, and were instructed to send their responses to a faculty colleague to ensure anonymity and 
confidentiality. The colleague provided the responses to the author after the end of the semester. 

RESEARCH RES UL TS 

The results of the levels of student satisfaction with the Internet homepages are provided in tables 1 through 3. 
Table 1 presents the levels of satisfaction for all students combined. Table 2 presents the levels of satisfaction for 
the two groups of students, and compares the levels of satisfaction. Table 3 presents the reasons why the students 
respond~d as they did with respect to levels of satisfaction, and compares the responses. 

Table 1 below illustrates the overall results of the student satisfaction with the Internet as the primary source of 
course information. Both tradit!?nal and distance learning students were combined in this table. 
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Very Diss~tisfied 
0 

Table 1 
Overall Satisfaction with Internet Homepage 

as Primary Source of Course Information 
Dissatisfied Neutral Satisfied Very Satisfied 

0 1 14 31 

The calculated Chi-square value for this contingency table is 61.47, and the probability of this value is 1.42E-12. 
The Very Dissatisfied and Dissatisfied categories were eliminated in the Chi-square calculation. Examining the 
percentages indicate that 96% of the students are either satisfied or very satisfied with the Internet homepage as the 
primary source of course information. This result is similar to the previous study, indicating that students continue 
to be satisfied with the Internet homepage as an information dissemination medium. 

The first research hypothesis states that the levels of satisfaction with the Internet as the source of course 
information is the same for both groups of graduate students. Table 2 illustrates the results of the two groups of 
student satisfaction surveys. 

Table 2 
Levels of Satisfaction by Student Type 

Very Dissatisfied Dissatisfied Neutral Satisfied Very Satisfied 
Traditional Students O O 1 10 19 
Distance Leaming Students O O O 4 12 

The calculated Chi-square value for this contingency table is 0.982, and the probability of this value is .912. The 
Very Dissatisfied and Dissatisfied categories were eliminated in the Chi-square calculation. This result indicates 
that levels of satisfaction do not significantly differ between the two groups of graduate students. Both groups of 
students are equally satisfied with the Internet homepage as the primary source of course information 

The second research hypothesis states that the reasons for satisfaction with the Internet homepage as the primary 
source of course information is the same for both groups of students. The research investigates the relationships 
between student type and reasons why students express the levels of satisfaction that they do. The author classified 
the reasons why students answered as they did into four categories: 

1. Ease of Access, access any time, anywhere 
2. Upd~tes and additional information instantly available 
3. Prevents loss of materials, easy replacement of course information 
4. Other responses such as increased understanding (the most often cited), computer usage, and less dependence 

on course text. 

Table 3 illustrates the categories ofresponses and the number of responses in each category. The sum of the 
responses is greater than the number of questionnaires returned since students were asked to provide multiple 
responses. 

Traditional Students 
Distance Leaming Students 

Table 3 
Categories of Responses: Why Students Are Satisfied 

Access Updates Available Lost Material 
18 10 7 
11 7 5 

Other 
12 
7 

The calculated Chi-square value for this contingency table is 0.121. The probability for this value is .989, indicating 
that the two groups of graduate students do not differ when expressing reasons why they are satisfied with the use of 
the Internet as the primary source of course infonnation. Both groups of students have the same reasons for"being 
satisfied. · 

It is interesting to note that the primary reason why students accept the Internet as the primary source is ease of 
access. Ease of access accounted for 3 7% of the reasons given for Internet homepage use. This seems reasonable 
since Internet homepages are accessible at any time from anywhere. These results indicate that students are taking 
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advantage of the universal access, and find it a useful attribute. Immediate access to updated material accounted for 
22% of the responses. The fact that two of the four courses were quantitative in nature, and that the information 
provided consisted primarily of Excel spreadsheet.solutions, could account for this rate of response. 

CONCLUSIONS 

Students continue to be satisfied with the Internet as the primary source of course information. The two groups of 
graduate students, traditional and distance learning students, are equally satisfied. The primary reason for 
satisfaction is ease of access to course information. The fact that students can access course information at any time, 
from any location makes the utilization of the Internet homepage a viable alternative to paper handouts. The 
research indicates that satisfaction is the same for both groups of graduate students when considering the use of the 
Internet as the primary delivery vehicle. Both groups of students are equally satisfied with the medium and express 
the same reasons for satisfaction with the Internet. This research indicates that, from a logistical perspective, the 
Internet based distance learning model is received by the students in the same manner as the traditional students who 
attend classes. 

When evaluating the effectiveness of Distance Leaming methods, researchers can eliminate student satisfaction with 
the Internet as the source of course information and the reasons why students are satisfied as factors in their 
research. 
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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 

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 

Please explain WHY you responded as you did. Try to be as specific as possible. 
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ABSTRACT 

This paper discusses the problem of organisational integration of outputs generated by Electronic Meeting Systems 
(EMS). The level of organisational integration supported by actual systems is still very weak, especially in what 
concerns the post-meeting phase. In order to tackle this problem, we developed a framework, composed of three 
levels of detail ( contextual, genre and implementation), specially tailored for meetings supported by EMS. The 
paper illustrates the application of the model to a specific organization, based on a sample of 214 decisions taken in 
meeting sessions of a management team. 

INTRODUCTION 

The escalating complexity of problems faced by organisations, due to lack of information, resources and authority, is 
taking autonomy from individuals and substituting them with groups of human beings (Simon, 1997). Unfortunately, 
dissatisfaction with group process and outcomes is a generalised impression. For example, the 3M Meeting 
Management Team (1994) start their discussion on this subject saying that meetings "can be compared to _a funeral." 

From the beginning of the 1980's, Electronic Meeting Systems have been viewed as the Holy Grail.to improve 
group process and outcomes (Fjermestad and Hiltz, 1999). The role of EMS can be broadly defined as supporting 
work by enhancing group cognition. As such, EMS have trjed to enhance communication among group members, 
provide shared information bases, coordinate individual tasks to assure a coherent result, guide and stimulate 
collaboration, all this while overcoming limitations of distance, time and memory. 

Success using EMS seems to depend on how they are applied (Bostrom et al., 1993). Recent fieldwork has shown a 
dichotomy between content and process interventions. While content interventions address data modelling (issues, 
goals, options, beliefs, etc.), process interventions concern software-based decision guidance. Dickson et al. (1996) 
experimented a specific process in the context of multi-criteria decision-making and concluded that a new and 
unfamiliar technology such as EMS needs some software-based decision guidance, but there must be some 
flexibility to avoid decreasing effectiveness. Experiments reported by Miranda and Bostrom ( 1999) also show that 
process interventions had positive impact while content interventions had a negative impact on meetings. 

Problems with meeting processes are largely discussed in the literature ( e.g. Buttler, 1996, Nunamaker et al., 1997), 
but the focus is typically in the pre-meeting preparation and in-meeting management. Regarding the post-meeting 
phase, emphasis is generally placed in meeting evaluation. But the post-meeting phase also raises one interesting 
problem: the lack of integration with other system (Antunes and Guimaraes, 1997). In fact, the results produced by a 
meeting must flow to other organisational processes, induce the production of goods and services or influence 
people's opinions . . 

Meetings produce decisions and those decisions must be communicated. If a decision is a consequence of a question 
or request, a response must be sent to the ones who made the request. If it was decided that somebody would execute 
a tclsk, so this person must be informed and instructed. During the meeting, participants may notice that there is not 
enough information to take a decision. In this situation, information must be requested to other internal or external 
entities. These are just some of possible purposes of post-meeting activities related to the decisions taken in meeting 
sessions. Our point is that some commµnication process is needed to organize, orchestrate and guide these activities, 
but such functionality is not currently available in EMS. 

RELATED WORK 

One of the few systems that enhance the post-meeting phase is the "Analyser" or Expert Session Analyser - ESA, 
(Aiken et al., 1990). The Analyser is among a group of systems that proposes the integration of expert systems with 
EMS components (database, base model, computer network, interface, facilitator and group of users) and whose 
main tasks are: making summary reports, complement the comments of group members and impose structure to the 
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meeting outcomes in order that they can be used as input to other systems. Later, Aiken proposed other agents 
including an automated facilitator (Aiken and Vanjani, 1998), expert session planner (Aiken et. al., 1990), data 
retrieval agent (Aiken and Govindarajulu, 1994; Colon et al., 1994) and a natural language translation agent (Aiken 
et al., 1994). 

Aiken and Carlisle (1992) describe a tool designated idea consolidator, which is an agent that automates the process 
of idea organisation. The system condenses text, by identifying key words and matching them with comments. This 
system was tested and it was proved that the level of satisfaction is much better if the tool is used. 

Cire (Romano et al., 1999) is a collaborative information retrieval environment dedicated to support cooperative 
information seeking and retrieving. Although the major purpose is to support the meeting process, this system 
constructs a shared memory that includes lists of visited pages, executed queries, comments and relevancy 
evaluations. · 

Raikundalia and Rees ( 1995) proposed a ·system named Logan Web, which is an electronic meeting document 
manager for the World Wide Web. Logan meetings are composed of five phases and occur in multiple, concurrent · 
chains. Logan Web tools provide meeting transcripts in various applicable, readable and navigable forms. These 
tools enhance meeting discussions by allowing participants to analyse logs during meetings. Logan Web also 
provides a secretarius that moderates contributions to the meeting. , 

MODEL 

In order to describe the problem of organisational integration we defined the model that is illustrated in 

Figure 1. It was designated PROFS (from Participant, Reporter, Outcome committed, Facilitator, and Sponsor). As 
illustrated in the figure·, the communication process has to identify and retrieve relevant data from the meeting, 
identifying sources and indexing data for future reference. The information must then be categorised, summarised 
and stored. For data distribution, the relevant receivers and subsequent tasks must be identified. Furthermore, data 
must be available according to the particular needs and interests of the receivers. 

Communicate to • . 
The organization • • . 

Facilitator .- • • • • • • 

~eporter 

Participants ...... ... 

0 0 

Tasks 

0 
Future enquiries by 
Participants, facilitator, 
sponsor, etc. 

Sponsor Future · 
meetings 

a._~ 0 ,,o 
d Meeting 

o b 
Outcome 
committed 

Figure 1 - PROFS Model /context level 

We can identify five types of agents ( or roles) that take part in the communication process: participant, reporter, 
outcome committed, facilitator and sponsor. Sponsor is the owner of the meeting. Facilitator (or chairman) is a 
person that manages a meeting. This person plans the meeting according to the sponsor instructions, directs and 
_ closes the meeting. Participants are those who attend a meeting and contribute by making comments, giving 
opinions, voting, etc. Reporter (or secretarius) is the agent that produces the final report of the meeting and 
distributes it to the other agents. Outcome committed are those agents that find their actions affected by the results 
of the meeting. 

Other elements considered by the model concern the activities performed by agents. Facilitators manage meetings. 
Meeting participants share complex structures composed of agendas, processes and rules. The sponsors own 
meetings. As consequence of meeting results, outcome committed have to perform tasks. 

The meeting results may be spread to participants, facilitator and sponsor of the actual meeting, but also to other 
agents, like sponsor, facilitator and participants of future meetings. The results may also be sent or made available to 
an operator of a task or an organisational agent. To each one of them, a message ( or a document) may be sent. 
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Consequently, the results produced by a meeting can be divided into: (1) meeting minutes, directed to outcome 
committed; (2) working memory, used in a near future meeting; (3) a report to the meeting sponsor; and (4) long 
term memory, with information that will be incorporated in the organisational repositorium. 

FRAMEWORK 

In order to contribute to the organisational integration of EMS, based on the support to the post-meeting 
communication process, we developed a framework with three levels: 

• The first level describes the context of the problem, including the main agents and activities. It is at this level 
that we define the PROFS model. 

• The second level is what we call the genre level, because it is supported in the concept of genre, intended to 
categorise the results produced by meetings. 

• The third level is the implementation level, where the concept of genre and the PROFS model give origin to a 
working system that integrates meeting results into the organization. 

Meeting 
results 

Context level 

Ge:nre: le:ve:1 

Tmnle:me:ntMion T .e:ve:l 

Organizational 
context 

Figure 2 - Three levels of integration between EMS and the organization 

The following paragraphs broadly explain the genre and implementation levels. 

The concept of genre was imported from the literature (Yates and Orlikowski, 1992), but its use was generalised to 
the organisational context (see, for example, Crowston and Williams, 1999). A genre of organisational 
communication is a socially recognised type of communicative actions ( e.g. memos, reports, resumes, enquiries, 
letter, meetings, announcements, expense forms, training seminars) that are habitually enacted by members of a 
community to realise particular social purposes. A genre established within a particular community serves as an 
institutionalised template for social action - an organising structure - that shapes the ongoing communicative 
actions of community members through their use. A genre of organisational communication is a typified 
communi9ative action invoked in response to a recurrent situation (Yates and Orlikowski, 1992). 

The purpose of a genre is not an individual's private motive for communicating, but a purpose socially constructed 
and recognised by the relevant organisational community and invoked in typical situations. In a empirical study 
examining the communication exchanged by a group of distributed knowledge work in-a multiyear project, 
conducted primarily through electronic mail, Orlikowski and Yates (1994) identified the following categories of 
purposes: informational message; comment on group process or use of medium (meta comment); proposed rule, 
feature or conventions (proposal); request for information, clarification or elaboration (questions); reply to previous 
message or messages (reports); and residual category (e.g. thanks, apologies, ballots). 

Besides the purpose, a form also characterizes a genre. Form refers to observable aspects of the communication, 
such as medium, structural features and linguistic features. In the same study by Orlikowski and Yates (1994), 
severai' categories of forms were identified, such as embedded message, graphical elements, heading, informal, 
opening, sign-off, sub-headings, subject line and word or phase emphasis. 

Occasionally, genres are linked ·or networked together in a way that constitutes a more coordinated communicative 
process. Such a genre system consists of interdependent genres that are enacted in some typical sequence ( or limited 
set of acceptable sequence) in relation to each other, and whose purposes and forms typically inter-link. 

The difference between the genre and implementation levels can be explained by the use of a metaphor. Like in a 
literary work, a novel is a novel, whatever its support. But, to produce a novel, it is necessary to decide if it will be 
published in a book, newspaper, or web page. Consequently, all the attributes necessary to implement genres, •, 
making the communicative process possible, must be identified. 
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Those attributes were identified mainly based in the work of Orlikowski and Yates (1998, 1992) and include the 
sender, receiver, feedback agent, time, place and sequence. The sender is implicitly identified as the group holding 
the meeting, while the receivers and feedback agents must be explicitly identified. 

Time is the moment when the genre can be instantiated, and also the lag time in which feedback can take place. 
Place is the real or virtual location where the communication of the genre is meaningful. A genre may also identify 
what genre follows another (sequence) in the context of an organisational process or genre system. This sequence 
also echoes any coordination mechanisms adopted by the communication process. 

USING THE FRAMEWORK 

We started using this framework to study the communication process between the meeting and outcome committed. 
A specific organization, comprising directive members of~ public organisation was the object of analysis. 

This organization produced 214 decisions taken in 30 meeting sessions, which took place during a period .of 4 year 
(from 1996 to 1999). With this list we were able to identify the typical results in terms of documents and 
communications delivered to outcome committed. Nine main genres were identified this way. Figure 3 lists the 
obtained genres. 

Genres Purpose -Form Receiver Example~ 
Response Answer Decision Value: YIN Who request the response: - expense acceptance 

users of the service 
workers 
external entities 
other services 

Instruction Order/Instruct Task definition Explicitly defined - "pay employee X" 
(workers or department) 

Document Approve Decision Value: YIN Not explicitly defined - budget approval 
approval (only in the content) 
Agenda setting Schedule later Agenda Meeting manager . - decide to decide next 

Postpone meeting 
Rule, regulation, Define Rule Not explicitly defined 
explanation (only in the content) 
Document Transfer document Attached Doc Explicitly defined - publishing the annual 
transference (approve transf.) report 
Information Ask Information Explicitly defined - ask information to law 
request consultant about contract 
Delegation Delegate power to a Must indicate the People involved - creation of a committee to 

person or_a commission objective of the position evaluate a proposition 
as well the name of the 
commission or person 

Information Inform Explicitly defined 

Figure 3 - Genres taxonomy 

After identifying the main genres used by this organization, we identified the percentage of communications that 
used each genre and also the percentage of decision that correspond to each genre. The results are shown in Figure 
4. 

Genre Percentage of Percentage of_decisions 
communications that that correspond to this 

used this genre genre 
Response 7% 13% 

Instruction 33% 63% 

Document approval 2% 5% 

Feedback 1% 3% 

Rule, regulation, explanation 11% 21% 

Request for information 3% 6% 

Document transfer 0% 1% 

Information 33% 62% 

Delegation 8% 15% 

Other 0% 0% 

Figure 4 - Communication genres observed 
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The process of classification and the final results showed us some characteristics of genres: 

• There is a need of a relatively reduced number of genres; and a large percentage of decisions correspond to 
instructions given by the meeting participants to other departments, like accounting and administrative, 
equipment, secretary or parking services. 

• Each decision may produce more than one genre. For instance, there are several decisions that have as 
consequence an instruction to a department and information to others departments or external organizations. 

• Each genre can be divided in sub-genres with slight differences (receivers, form). For in§.tance, responses can be 
sent either to users, employees or external entities. 

We also noticed some reactions to this classification that seem to be useful for future work: 

• The explicit use of genres allows the creation of templates and use of computer systems for automation that may 
reduce lack of communication (e.g. reduction of forgetfulness), improve awareness of communication or reduce 
workload. -

• The explicit use of genres is a good opportunity to identify communication problems. For instance, it was found 
that sometimes the requesters were not informed of the decision they requested. 

Some characteristics of genres still have to be analysed, . specially its form and linking between genre and the 
building of genre systems. 

DISCUSSION 

The framework proposed in this paper is useful because it allows meeting participants to have a general environment 
where everybody involved shares concepts. By definition, genres result from the interaction of the community of 
users and, consequently, are understood by involved people. With those genres, meeting participants do not need to 
identify or define specific components of genres, because they have already been identified before. 

The main disadvantage of this approach is the fact that it emphasises pre-existent genres. This can be overtaken with 
meetings which main purpose is the creation of new genres. 

CONCLUSION 

The problem analysed in this paper is the organisational integration of meeting results produced by EMS. In order to 
solve the problem, we use a model that is useful in the process of clarifying the agents and type of activities 
involved in meetings ( contextual level) and where the concept of genre is a central one (genre level). In the 
implementation level, genres may be explored in detail, allowing the creation of communication processes that 
improve the impact of meeting outcomes. 

The great advantage of this framework is that it is supported in the concept of genres. I_n fact, because users 
understand genres, this approach allows an adequate process of choice during the meeting process. So, during the 
meeting, participants choose a concrete type of communication, defined by them, instead of discussing the 
philosophy of communication. On the other hand, those genres must be adequately and clearly defined, in order to 
correctly establish the communication with the receiver. We found out that a relatively reduced number of genres is 
necessa~ to describe meeting outputs in organisations. 

This framework also proved to be useful in the analysis of lack of integration from the decisions taken in meeting 
sessions into the organization. For instance, it was observed that in some situations, requests did not have responses 
because such response was not institutionalised for a number of situations. 
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Abstract: Asynchronous Transfer Mode {ATM) technology has been recognized as a promising method for the 
realization of new high-speed Local Area Networks (LANs) capable of handling multimedia computer applications. 
First, an overview of ATM networks is provided. Second, a performance analysis of ATM LANs is introduced and 
explained using a simple queuing model. Based on the queuing model, two · performance measures of ATM 
networks, network delay ·and throughput, are discussed. The effects Qj eel/ arrival rate, ATM service rate and ATM 
switch queue size on the network are described using numerical examples. The goal of this paper is to provide a 
tutorial analysis on ATM networks for all audiences. This analysis will hopefully benefit those contemplating the 
establishment of an ATM LAN, or help those attempting to upgrade existing systems. 

1. Introduction . 
Networking has become an integral part of everyday life. Today, people from all walks of life use networks every 
day. The phone system, for example, is a network that caries conversations across the street or to the other side of 
the world. 

A computer network is simply a system that allows many users to share common resources. The simplest network 
can consist of two devices that share information or printers. More complex networks can consist of several 
hundred workstations connected to file servers, minicomputers and mainframes. A network provides the connection 
to share information, devices, files and ideas. 

Each device on a network is called a "node". A node on a network is nothing more than a computer, printer or other 
electronic device, with network hardware and software added. The hardware consists of a printed ·circuit board or 
adapter that is plugged into the device, and the wire or cables that physically connects the devices together. The 
software is a special program that runs automatically on the device. This program handles such things as providing 
the ability to access a file or program on another machine connected to the network, or sending a printout to a 
network printer. Once the hardware and software are in place, the network operations are invisible to the user. 

Nodes on the network communicate with each other to perform tasks. The communi_cation between nodes on the 
network is handled through the passing of "messages" between the devices or nodes. For example, to send a 
document from a computer to a network printer, messages would be sent back and forth between the computer and 
the printer. These me·ssages would contain the document, all information to get the document from the computer to 
the printer, and other necessary details. Messages, pertaining to the status of the printing job for example, would be 
sent bacl~ from the printer to the computer the same way. Networks are basically categorized by type, and by size. 
Distinctions within ·these two basic categories of networks are explained below. 

Different types of networks are characterized based on the logical connection of the nodes, and the way in which 
communication between nodes is handled. Some of the more popular networks are token ring, token bus, 
CSMA/CD (Ethernet), ahd Asynchronous Transfer Mode (A TM) networks. A TM networks are the newest and 
fastest of the networks, and will be the main topic of this paper. 

Networks are also categorized according to their size, that is, the geographical distance covered by the network. 
Local area networks (LANs) are usually contained within in an office building or some other small area. 
Metropolitan area networks (MANs) are often used to_ connect LANs together within a city, factory or campus. 
Wide area networks (WANs) interconnect smaller networks, and traverse towns, countries, or even continents. [.1,] 

This paper will concentrate on ATM local area networks (LANs). First, an explanation of ATM networks will be 
given. Second, methods used to judge the performance of an A TM network will be proposed. Performance issues 

175 Proceedings of the IEMS 2000 Conference 



discussed will be the amount of time a user must wait for a message to be delivered, and the total number of users 
that can be supported by the network. Finally, some numerical performance examples will be given. 

2. ATM Networks: a tutorial overview 
The network consists of several workstations and printers connected by A TM switches. The switches are physical 
devices that control the flow of messages from one node on the network to another. Recall that each device 
(workstation or printer) on the network is referred to as a "node" on the network. 

2.1 ATM Networks: How They Work 
The heart of an A TM network is a device called a switch. A switch is a piece of hardware that is connected to a 
group of nodes on the network, as well as to other switches. All nodes on the network are connected to a switch. 
Information flowing between nodes must pass through a switch. A switch can be thought of in terms of a welcome 
center at a state border in the U.S. Individuals traveling across country stop to get information on how to reach their 
final destination. Any message passed from one node to another must go through a switch. Thus, the switch must 
contain the necessary information on the location of all nodes on the network to correctly route the messages. 

One major feature of A TM networks is that ATM networks are connection oriented. That is, communication 
between nodes on an A TM network is analogous to communicating with a friend over the telephone. As the number 
is dialed, a connection is established between the caller and the person being called. Only after all digits of the · 
phone number have been dialed, and there is a connection between callers, can conversation begin. In the same 
way, if a node on an ATM network wants to send a message (talk) to another node on the network. A connection is 
first established between the two nodes ( e.g. the number is dialed) via a switch. After the route from one node to 
another through a switch has been established, messages can pass back and forth between the nodes (talking occurs 
over the phone connection). 

2.2 Cells: A basic concept of ATM networks 
It is essential that messages between nodes on the network are transported quickly and accurately to prevent network 
users from waiting for extended periods of time for a parti~ular network function to be performed. To accomplish 
this, each message is divided it into small fixed length sections before being sent across the network. Each 
subsection of a message is called a "cell". Each cell is the same size, and contains the address of its final destination 
_along with a very small portion of the message. 

The cells of a particular message are sent out onto the network consecutively, that is, one right behind the other. 
Every cell of a particular message follows the same path from the origin node, through a switch, to the destination 
node. The path of the entire message through the network is determined or "set up" by the first cell of the message. 
All subsequent cells of that message follow the path of the first cell. According to the A TM standardizing group 
(The ATM Forum), each cell must arrive at the appointed destination in the same order in which it wa~ sent. It is 
possible that some of the cells might be lost or "dropped" during transmission. However, those that do reach the 
appointed destination will always arrive in sequence, even if there are gaps in the sequence. Subdividing messages 
into small fixed length cells means the switches that route the cells can be very simple. Because each cell is very 
small, there is little chance that the information inside the cell will get garbled during transmission. These factors 
ensure the accurate and speedy transfer of information across the network. 

2.3 ATM Networks: Made up of queues 
When there are multiple nodes on a network needing to perform network tasks, each node sends cells out across the 

. network. This leads to the possibility of cell traffic flow between nodes becoming congested. In the same way 
traffic on city streets is organized with stop signs and traffic lights, an organizational system must be established to 
ensure that tasks for all nodes are not only performed, but also performed with a sense of fairness. 

To accomplish this, a system of queues is established inside the network to help control the transfer of cells between 
nodes on the network. Cells arrive at a queue one at a time, and they leave a queue one at a time. They leave in the 
same order they arrived, that is, the first cell in is the first cell out. This queuing concept is called first-in-first-out 
(FIFO). There are many such queues on the network, but two queue locations of particular interest are located at 
each node, and at each A TM switch. When cells travel across the network, each cell must wait in a queue on a node 
before being sent out onto the network and again at one of the switch queues upon arriving at an A TM switch, where 
it is routed to its final destination. 

176 Proceedings of the IEMS 2000 Conference 



The queue located on each node of the network holds cells that are waiting to travel out onto the network. The 
queues located at an A TM switch hold cells arriving from multiple nodes on the network, that need to be. sent to 
their appointed destinations. There are multiple queues at each A TM switch, one queue for each node attached to 
the switch. Each cell from the network will be directed to one of the queues on the switch, depending on the final 
destination of the cell. 

The rate at which cells arrive and leave these queues is a major factor in determining both the amount of delay each 
user experiences when using the network and how many users can access the network at one time. This situation 
will be examined below, and its effect on the users of the network will be determined in the analysis section. 

An abundance of cells arriving at a single switch at the same time from multiple nodes can cause some cells to be 
queued and hence delayed. Cells at the switch wait in one of the output queues. The time that a cell has to wait at a 
switch is called network delay. The result of network delay is an increase in the wait time of a network user. 

The measure of the number of cells that can travel on the network from all network nodes is called "throughput". 
Since all cells must go through a switch when traveling across the network, the queuing system at the switch also 
effects the network throughput. Throughput, in bits/second, can be defined as the average number of bits passing a 
given point in a network per unit time [ 13]. 

The queuing system described above will be studied in section 3. The goal is for the reader to be able to determine 
the quality and capacity of any given A TM network. In other words, how much delay does the network user 
experience, and what amount of throughput is the network capable of? 

3. A Simple Approach to Analysis 
A priority for any network user is the speed and accuracy of message transfer across the network. Factors that affect 
these performance measures are the number of nodes on the network, the number of messages each node sends 
across the network, and how information from those nodes is handled in the network. In this section, the cell 

- queuing system described previously will be analyzed to illustrate how a given A TM network will perform. 

3.1 Discussing Network Performance: Delay and Throughput 
The speed with which messages travel across the network is an important network performance measurement. All 
messages are ultimately divided into cells; therefore, the message speed depends on the rate at which cells can 
traverse the network. All cells will experience some delay en route from a source node, through a switch and on to a 
destination node. This "network delay", or simply "delay", translates into waiting time for the network user. An 
analysis of network delay is presented in this section. 

The number of nodes a network can support is also an important factor. This can be determined by looking at the 
throughput for a network. Throughput of the A TM network is the number of cells that· successfully pass from node 
to node, via a switch. Obviously, the more nodes there are on the network, the more cells there are traveling over 
the network. Looking at the throughput, one can determine the maximum number of nodes the network can support 
and still provide sufficient throughput of messages or cells. A simple throughput analysis will be discussed 
following_ the time delay analysis. 

3.2 An Analytical Model 
As described earlier, there are a series of queues in an A TM network that are used to control traffic flow. This 
queuing system can be represented with a very simple queuing model based on the structure of A TM networks. 
Modeling the network will provide a good technique for evaluating the performance of the network [2-7]. The 
simple queuing model is shown in Fig. 3-1. 
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Figure 3-1 A Simple Queue Model for ATM 

Cells travel from a source node to an ATM switch, where they wait in a queue to access the ATM server, and are 
then routed to the appropriate destination node. Notice from figure 3-1 that the maximum number of the cells 
allowed in the queue at the ATM switch is N. The Broadcast/unknown server (BUS) and Local Area Network 
Emulation Server (LES) are services provided at the A TM switch to assist delivery of cells t-0 their destination [ 11]. 
The details of these services are beyond the scope of this paper. It will suffice to say that upon passing through the 
switch, each cell is "serviced" at the A TM server before being sent to its destination node. Because cells are . 
ultimately serviced one at a time before leaving the switch, the A TM switch can be thought of as having only one 
queue, the "switch queue", instead of many queues. 

If the A TM server is not busy processing a cell, an arriving cell is serviced immediately and sent to its final 
destination. If, however, the ATM server is busy, cells arriving at the switch will be placed in the switch queue to 
await service. The average rate of cells arriving from source nodes to an A TM switch (bits/second) will be denoted 
by l. The average amount of time (bits/second) each cell spends at the A TM server will hereafter be referred to as 
"cell service time", denoted byµ. 

3.3 General Assumptions for Network Analysis 
For the sake of simplicity in analysis, the following general assumptions will be made. (1) An A TM switch will 
.contain only one finite queue, and the maximum length of the queue is N. (2) The cells from the source nodes arrive 
uniformly at an ATM switch, that is, the average arrival rate at the ATM switch is identical for all nodes. (3) The 
arriving cells queue for A TM service when the switch queue is not full. The arriving cells are rejected when the 
switch queue is full. (4) The queue at an ATM switch is a first-in-first-out (FIFO) queue. 

3.4 Analyzing Network Delay 
As previously noted, the time required for a cell to travel from a source node, through a switch, and on to its 
destination node is a critical measurement for evaluating the performance of a network. This time measurement is 
representative of the amount of delay experienced by a network user, and will hereafter be referred to as "total delay 
time" (T d)- The formula (3 .1) for the total delay time of a cell is 
'Total Delay Time (T tJ) = wait time in the source queue 

+ propagation time for a cell to travel from the source node to an ATM switch 
+ time for ATM switch to put a cell into the queue from the input (switching delay) 
+ average tilne waiting in the switch queue 
+ time for a cell to be serviced at the ATM switch 
+ propagation time for a cell to travel from the A TM switch to its destination node 

(3.1) 
3.4.1 Components of Delay Calculation 
To calculate the network delay, equations must be established for the components of the total delay time. 

(T,J 
(Tpi) 
(TJ 

(E[w]) 
(T,) 
(Tpi). 

• T1, time cells spend in a node queue, is dependent only on the rate of tasks (cells) generated at that node and the 
service rate of the source queue. Because this analysis focuses on general network performance, each source node 
will be treated as though it had no queue, and this term will be ignored in the analysis. 
• Tp 1 and Tp2, are propagation times from source to switch and switch to destination node. Propagation time is 
calculated as (total distance traveled * speed of transmission line). This analysis is for a LAN, therefore, the 
distance between a source and destination node is assumed to be very small. This means propagation times are 
extremely short and can be ignored. 
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• T d is the time for a cell to be put into an ATM switch queue by the A TM switch input port. ATM s~itches are a 
new technology, and operate at extremely high speeds. The time for a cell to be transferred onto the queue is much 
less than the service time in the switch, and will therefore be ignored in this analysis. 
• The time required for a cell to be serviced at an A TM switch (Tr), is dependent on the service rate at that switch. 
For the purpose of analysis, the average cell service time will be used. Average service time is calculated as 

Tr = I I average service rate at the switch = I Iµ · (3.2) 
• The time a cell must wait in the switch queue before being serviced is the expected wait. The average cell wait 
time (E[ w]) will be used in the examination of total cell delay time. E[ w] is dependant on the number of cells 
already in the queue which is itself dependant on the service rate of the cells at the switch (µ):'' 

To understand the relationship between service rate of cells and wait time in the queue, think of a checkout stand at 
a supermarket. The wait time in the queue depends on the service rate. Customers at the supermarket will wait 
longer in the queue if the clerk at the checkout stand is a new trainee rather than a ten-year checkout veteran. 
Therefore, the wait time pf cells in the switch queue depends on how fast each cell° is serviced (service rate µ). 

Another important relationship between cell arrival rate and cell service rate is the ratio of arrival rate to service rate. 
Arrival rate is given in cells-per-second, and service rate is given in cells-per-second. This measurement will be 
hereafter referred to as "traffic intensity", and is shown below in equation (3.3). 

Traffic intensity (p) = cell arrival rate (l cells/sec) I cell service rate(µ cells/ sec) = Alµ (3.3) 

The average wait time in the A TM switch queue (E[ w]) equals the average number of cells in the switch queue 
(E[n]) multiplied by the service time of each cell in the queue (1/µ). That is, 

E[w] = E[n] *IIµ= E[n]Iµ (3.4) 

This is easy to understand when one imagines a queue in which the E[n] customers go forward to receive service at 
the speed ofµ. According to queuing theory, the average number of cells in the switch queue E[n] is calculated 
using formula (3.5). 

Where pis the traffic intensity expressed in (3.3) and N is the maximum switch queue size. 
E[n] = pfl - N + J)J'i + NJ'i+l[ 

(I - p)(I - p'+1
) (3.5) 

As discussed above, this value is dependent on the arrival rate and service time of cells, specifically the cell traffic 
intensity . . The details and derivation of this formula go beyond the scope of this paper. 

3.4.2 An Equation for Time Delay 
The final equation for the total delay time (T d) is the simple equation 

Td = avg wait time in switch queue + avg service time at switch = EiwJ + Tr (3.6) 
Substituting for Tr based on equation (3.2), and E[w] based on equation (3.4), gives: 

Td = E[n]/µ +IIµ== (E[n] +I) Iµ (3.7) 
Finally, substitute (3.5) for E[n] in (3 .7) gives Td = I - (N + 2)J'i+l + (N + J)J'i+1 

(remember that p = ).JµJ µ(I - p)(I - p1+1
) (3.8) 

According to formula (3.8), the total delay time is only dependent on three variables: size of the queue at the ATM 
switch (N), service rate of cells (µ) and arrival rate of cells(11.). A logical approach to time delay analysis would be 
to plug in values for the queue size and service rate, and then vary the traffic intensity of the network. This would 
demonstrate the time delay as traffic increased on the network. 

The next question that must be answered is how to ascertain values for the queue size and service rate. The size of 
the switch queue (N) is a fixed value depending on the manufacturer of the ATM switch. The service rate (µ) is 
equal to the speed of the cable used to connect the nodes on the network. An average line speed for A TM networks 
is between 100 and 150 million bits per second. The measurement of service rate, along with a simple graphical 
analysis of time delay will be discussed in section 4. · 

3.5 Analyzing Network Throughput 
While calculating network delay is important, it is · also beneficial to calculate the throughput of a network. 
Throughput describes how many cells can successfully pass from one node to another through a switch. Because all 
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nodes must travel through a switch, the throughput of a network is dependant on the cell traffic intensity and the 
maximum queue size at the switch. Because A TM networks handle message passing differently from other 
networks, the calculation for throughput is not necessarily intuitive. It can be reasoned, however, that given a large 
enough switch queue, the maximum throughput of cells will equal the service rate in the switch. 

A queuing model is used to formulate the throughput. The simplest form of the throughput equation is shown in 
equation (3.13), Throughput = r= J..(J - ~) I (1- p'+1

) (3.13) 
Throughput, like time delay, is dependent on the switch queue size, cell service rate and cell arrival rate. 

4. Graphical Results of Performance 
As mentioned previously, time delay and throughput are associated with switch queue size (N), cell service rate(µ) 
and the arrival rate of cells -~t the switch () .. ). The unit of measure for arrival rate and service rate is bits-per-second 
(bps). As noted earlier, each cell is a fixed length of 53 bytes in the ATM networks. Given that there are 8 bits per 
byte, each cell contains 424 bits. Hence, the arrival rate and service rate of cells is measured in bits-per-second 
(bps). The prefix "mega" means million. Rates associated with the network are often referred to in mega-bits-per
second (Mbps), which translates in_to 1,000,000 times the number of bits described. For example, 20 Mbps is really 
20,000,000 bps (20xl,000,000). Because of the high speed of ATM connections, arrival and service rates in this 
paper will be measured in mega-bits-per-second for ease of manipulation. 

Using equations (3.8) and (3.13) respectively, the effect of traffic intensity (}Jµ) will be seen in the following 
graphs. 

1. Time Delay CTrn. vs Traffic Intensity (o) 
In figure 4-l(a) the service rate (µ) equals 10 Mbps, about the speed of an Ethernet connection, and in 

figure 4-1 (b ), µ = 100 Mbps. For each graph, several switch queue sizes ~re plotted. 
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Note that when the service rate is increased from 10 Mbps to 100 Mbps, the time delay decreases. 
Remembering that p=AIµ, it can be reasoned that as the service rate becomes much greater than the arrival rate, the 
traffic intensity becomes smaller. That is, the wait time in the queue will be shorter. The reader should also notice 
that for small values of p, the queue size has very little effect on the delay. However, as the traffic intensity 
increases, there is more delay for the larger queue sizes. 

In reality, there is a tradeoffbetween the amount of delay experienced and the amount of throughput on the network. 

5. Conclusion 
The concept of networking increasingly powerful computers to share information and peripheral devices carries 
immeasurable benefit. The rapid increase of computer power, however, necessitates faster and higher quality 
networking connections. 
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Initially, ATM technology wa; primarily considered for applications in wide area networks. How~ver, there is 
emerging interest in ATM LANs. Traditional networks accommodate only text data and some very small audio and 
video files. Cell relay and switching technology implemented in A TM networks make it possible for users to share 
large audio, video and other multimedia applications, such as video distribution, computer imaging and multimedia 
conferencing, quickly and easily. Because of the short distances involved in LAN links, the hardware required for 
an A TM link is very affordable, and makes A TM networks very attractive. 

Analyzing the performance of the A TM network is a difficult task. Existing analytical approaches are often too 
complex to understand. This paper provides a tutorial analysis for all audiences. 

6. Future Research 
Evaluating the performance of an A TM network in which two or more A TM switches are interconnected and the 
source traffic is unbalanced (that is, the source arrival rates are not identical) is a topic for future research. 
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ABSTRACT 

As Kennedy Space Center (KSC) transitions from an operations orientation to research and development, an 
integrated approach to wor~force planning is needed. This research has resulted in the development of a decision 
support system for workforce modeling, incorporating critical aspects of attrition, hires, and employee development. 

INTRODUCTION 

Workforce planning, alternatively _referred to as workforce forecasting or manpower planning, refers to predicting 
the size and mix of a pool of workers for some future time period [l]. According to Gass [2], it is ·determining "the 
number of personnel and their skills that best meets the future operational requirements of an enterprise". 

There are three primary planning strategies: transaction, event-driven, and process-driven workforce forecasting [3]. 
The transaction-based strategy is the most widely accepted. It monitors the flow of human resources through the 
organization over time. This strategy utilizes one or more views of the future that are driven by choices under the 
control of the organization. (Niehaus [3] refers to these as internal demand-driven business strategies.) The 
analytical tools associated with transaction-based workforce planning are_ categorized into two groups. The bottoms
up review reflects the perspective of project or functional department managers, regarding their human resource 
needs for a given planning horizon. These managerial inputs are summed into a consolidated workforce projection 
for the entire organization. These bottoms-up transaction forecasts are useful when incremental organizational 
growth is expected. However, top-down strategic organization changes are often required to address declining 
workforce situations [3]. These strategic resizing situations are usually estimated by using mathematical "flow" 
models, incorporating transition rate data, manpower requirements, and an existing population profile. 

The objective of workforce planning is to define the future human resource needs of an organization in relation to 
the availability of suitable personnel, organizational goals, and budgetary constraints. A number of approaches are 
available for management to achieve this objective [4]. Traditionally, workforce planning has been accomplished 
based on judgement and experience. However, with the increase in workforce composition, complexity, and 
organizational competition, many mathematical models and computer-based information systems have been applied 
to this problem area. Decision support systems (DSS) are information systems that incorporate such sophisticated 
mathematical models. They can provide the opportunity to project workforce requirements across a defined 
planning horizon., as well as evaluate the alternatives in order to find the optimal solution to sub-problems. 

DESCRIPTION OF THE CURRENT PROCESS 

The Workforce Planning group·(designated HM-E), within the KSC Administration Office (HM) directorate, is 
responsible for Center-wide workforce planning. The overall processes associated with KSC workforce planning, 
and subsequent workforce development, follows an overall transaction-based strategy, such as that described above. 
This transaction-based strategy combines aspects of both the bottoms-up and top-down approaches described. 
Workforce Planning receives inputs with regard to future needs over the next five year planning horizon, from each 
of the individual programs/projects, as well as the functional departments, at KSC. These inputs frequently take the 
form of an Excel spreadsheet. Five-year KSC workforce thresholds, normally based on NASA budgetary limits, are 
provided by the KSC Center Director. This guidance may also contain specific skill level targets. 
These future needs and constraints are then compared to the existing baseline. The current workforce profile is 
identified at the Center-level as well as at the program/project/functional department level. Again, these are 
represented as Excel spreadsheets. The Center-wide skills inventory describes present employee competencies and 
subordinate skills, and is avapable as an Access file. In addition to comparing these existing baseline profiles with 
the objective requirements and constraints, other factors ( e.g. hires and attrition) are considered. The output of this 
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effort is a time-phased workfare~ plan across the Center, for a five-year horizon, showing both prospective FTE 
(Full Time Equivalents) and headcounts. These outputs are also generated in the form of Excel spreadsheets, ·with 
breakdowns available at the program/project/functional department level. 

One important aspect of the workforce plan is to identify the skills mix required to meet Center missions and roles, 
over the given forecasting horizon. Any projected skills imbalances are determined by manual inspection. Employee 
development plans are then established in order to relieve any skills mix constraints. 
To-date, this process at KSC has been accomplished on a primarily manual basis, via the judgement and expertise of 
the Workforce Planning group. This approach has been sufficient in a relatively stable environment, or one 
experiencing incremental changes [1]. The Kennedy Space Center workforce is undergoing a major restructuring. 
This process involves a transition from operations to a focus on research and development [5]. This changing 
environment requires new computer-based tools to more effectively support KSC workforce planning. 

LITERATURE REVIEW 

Based upon the documented requirements and nature of the data sources, an extensive literature search was 
conducted. The literature documents a variety of mathematical modeling techniques applied to workforce planning. 
However, Edwards [6] notes that beyond a certain level, "the models currently available are sophisticated enough 
for the needs of most organizations, and that greater use of simple models would be more effective than looking for 
ever-increasing (mathematical) refinement". He further notes that the current trend is to use variations on one of 
three widely accepted modeling approaches: Markov chains, network flow models, or optimization models. 
Surveys conducted by both Verhoeven [7] and Gass [2] confirm this opinion. 

According to Verhoeven [7], the purpose of a Markov chain model for workforce planning is to forecast the 
number of employees in each ·of the specified categories at equidistant points in time (i.e., t = 0, 1, 2 ... ). In a 
Markov chain model, the number of employees who make a transition from one category to another in a given 
period is assumed to be a constant fraction of the size of the first mentioned category at the beginning of the period. 
These fractions are called transition fractions. The actual number of employees in all categories, the transition 
fractions, and the future recruitment in all categories have to be given. Formulas exist to estimate the transition 
fractions [7]. The future number of employees in all categories (i .e. the future workforce distribution) is forecasted. 

Network representations of personnel problems are extensions of the classical operations ·research assignment 
problem. For these problems, the basic form of the network is that of the more general minimal cost transshipment 
(or flow) network [2]. In the network, the arcs represent the flow of personnel., the source nodes represent initial 
personnel inventories, and the sink nodes represent the final inventories. Intermediate nodes may be established to 
force inventories to meet specific grade and skill goals. Optimization models ( e.g. linear programming, goal 
programming) are the third category of mathematical models. The model is formulated to either maximize ( or 
minimize) the objective function (depending upon the purpose of the model) within the context of available 
resources and constraints. 

APPROACH SELECTED FOR THIS PROJECT 

NASA KSC provides a unique environment in which to conduct workforce planning. It comprises both project
oriented elements as well as those associated with functional departments. This situation complicates the selection 
of the mathematical modeling approach. For example, network flow models have proven to be effective forecasting 
tools, but only in a project-oriented environment [2]. Further, the proposed transition from operations to R&D 
negates the usefulness of such tools as linear regression, which are dependent on the relevance of historical data. 

In general, the Markov model is preferred due to its flexibility [7]. In a Markov chain model, the categories can be 
defined such that several characteristics of the employees are included (e.g. critical skills). Attrition is reasonably 
assumed to be a push flow (i.e. the future workforce distribution is determined by the transitional fractions, thus 
employees are "pushed through the system as a result of attrition). Although optimization models can be crafted to 
include these additional characteristics, the size of these models becomes very large very quickly. This impacts the 
computational efficiency of the resulting DSS. 
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Like NASA, the U.S. Department of Defense has been undergoing a period of organizational restructuring, as well 
as a reorientation of mission, with the end of the Cold War. Case studies associated with military workforce 
planning were found to be very applicable to KSC's situation. Although both network models [8] and optimization 
models [9] have been used, the case study by Gass et al. [ 1 O] appears to be the most relevant. Here, a combination 
Markov chain/linear programming~based system was constructed to address Army long-range manpower planning. 
This integrated approach appears to support the KSC Workforce Planning (HM-E) group's requirements, and will 
be used as the basis for designing this system. 

SYSTEM OVERVIEW 

The purpose of the Integrated Workforce Modeling System (!WMS) is to support Center-wide workforce planning 
with regard to headcount, ·FTE, and skills requirements. A combined bottom-up/top-down transaction-based 
approach to workforce planning is utilized, consistent with existing methods. It will be capable of calculating the 
workforce requirements per year, over a five year planning horizon, at both the Center-level and for individual 
programs and projects. The skills profile will be optimized within these projections. Markov chain and linear 
programming mathematical modeling techniques are incorporated into the system's processing to provide these 
results. The capability to conduct "what-if' analysis, in order to facilitate the decision-makfog processes, is also 
included. 

The nature of the inputs (i.e. Excel and Access) to the current Center-wide workforce planning process infers a 
microcomputer-based approach to developing and deploying the system. One objective of this functional systems 
design is to utilize existing KSC hardware, software, and communications assets to the extent possible. Continuing 
the use of Excel and Access inputs also suggests the use of a Microsoft Windows-based operating environment to 
support software compatibility and interoperability. 

The recommended Markov chain and linear programming analyses may be conducted using Excel. An initial design 
of the IWMS Markov module was developed by employing a combination ofExcel's Solver and Growth functions. 
Further investigation indicated that the volume of input data was too large, and the necessary mathematical models 
were too complicated, for Excel to adequately support. A more powerful modeling solver engine is needed. Lindo 
version 6.1, marketed by Lindo Systems Inc., is such a software application. Lindo provides·an interactive modeling 
environment for building various types of optimization problems, including linear, integer, and quadratic 
programming problems [ 11 ]. It provides extensive documentation and help facilities, and can be used to construct 
Markov chain models. Due to this functionality, as well as the fact that it executes in an MS Windows 
microcomputer environment, it is recommended for this project. 

However, one drawback to Lindo is that it provides a limited user interface. In order to better customize the IWMS 
system to HM-E needs, a Visual Basic (VB) shell is suggested. This VB interface will guide the user through the 
system by using a series of customized displays and facilities. VB can seamlessly integrate with the Lindo solver 
engine into a Windows-based application [ 11 ]. Projected workforce requirements by the 

. programs/projects/functional departments, the current workforce profile, and the current skills inventory are read 
from their current media by the VB interface, and merged. Center workforce and skills thresholds, as well as factors 
for hiring and attrition, are entered via VB input screens. The Lindo software utilizes this combined input to support 
the mathematical modeling processes. Results are stored in an Access database, for later use by VB's Crystal 
Reports facility. Access was selected as the storage medium since it allows for easier manipulation by Crystal 
Reports, to support subsequent formatting of the system output displays and reports. 

The IWMS system contains three primary modules: System Inputs, Workforce Quantity Planning, and Skills 
Optimization. Upon system initiation, the user will be able to identify the source of the input data (or in the case of 
user-specified inputs, data can be entered directly). These data are then read, merged, and stored in a temporary 
Access file (TMP 1 ). TMP 1 provides the input to the Markov chain analysis, upon initiation of the Workforce 
Quantity module. TMP 1, like the other temporary files, is overwritten the next time that the supplying module 
executes. The results stored in TMP2 (i.e. adjusted workforce requirements in terms of headcount and FTE). TMPl 
similarly provides the input to the linear programming algorithms in the Skills Optimization module. Here, the 
profile of critical skills is optimized based on the constraints provided by the previous module. Output is sent to the 
TMP3 Access file. TMP 1, TMP2, and TMP3 are then accessed by Crystal Reports to provide the user-requested 
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output. Upon completion of pro~essing, the user will be provided with the opportunity to either exit the system, or 
to initiate another processing iteration. This additional iteration will support "what-if' analysis, where the user may 
modify certain input criteria (e.g. changes in hires, or attrition) to determine the impact on the workforce 
projections. 

Markov chain analysis 

The Workforce Quantity Planning module incorporates a classical Markov chain algorithm to project the number of 
KSC civil service employees, in each of the categories to be investigated, over a five year planning horizon. In this 
model, categories represent the individual projects, programs, and functional departments at KSC. In a Markov 
model, the number of employees who make a transition from one category to another in a given period is assumed 
to be a constant fraction of the size of the initial category at the beginning of the period [7]. These fractions are 
referred to as transition fractions. The actual current number of employees in all categories, the transition fractions, 
and the future net recruitment in all categories have to be provided to the model. The future number of KSC civil 
service employees in all categories (i.e. the future workforce distribution) can then be forecast by using the 
following model: 

K 
n;(t) = SUM nj(t-1). pj; + r;(t) 

j=l 

forij=l,2,3 ... K 
fort= 1, 2, 3, 4, 5 

Where: 
ni(t) = the number of employees in category i at time t. 

_ Pji = the transition fraction from category j to category i. 
ri(t) = the number of net hires in category i in the time interval (t-1, t). 

In the model, K represents the total number of KSC organizations (i.e. projects, programs, and functional 
departments) being analyzed. The variable nj(t-1) represents the initial workforce quantity in each category (i.e. 
KSC organization) as indicated by the current workforce profile spreadsheet. The transition fraction represents the 
average transfers between organizations. This value is assumed to be input directly by the user based on HM-E 
historical data. Values for hires (h) and attrition(a) are also directly entered via the User-Specified Input screen. 
These are used to derive the value for net hires, where ri(t) = h - a, and assumed to be constant over the planning 
horizon. The values are then combined, via matrix multiplication, by the Lindo software package. The output is 
ni(t), which indicates the number of people (i.e. headcount) in organization i in year t of the workforce plan. A 
parallel set of calculations will be conducted using the current workforce profile values ofFTE to project KSC 
organizational workforce requirements for each years of the planning horizon, using these units of measure. 

The Markov model formulated in this manner is deterministic in nature. It assumes all flow values (hires, attrition, 
and internal transfers) are predictable based on historical HM-E data. If, upon further analysis, this historical data 
does not adequately support the model, due to the changing organizational environment at KSC, then additional 
formulas are available in the literature for customization and incorporation into this model [ e.g., 2, 7, 1 O] . 

Linear programming analysis 

Although the Markov model, discussed in the previous section, is mathematically more elegant than the 
conventional additive models, it still oniy supports a variation of the bottoms-up approach to transaction-base4 
workforce planning. It calculates future workforce quantities based on assumed and historical rates and 
probabilities. In a sense, given the.steady state conditions, the output of the Markov chain analysis tells the 
workforce analyst what the future workforce structure needs to be. It provides a "sanity check" for the future 
workforce requirements input by the individual KSC projects, programs and functional departments. The linear 
programming analysis, within the Skills Optimization module, is necessary to consider the Center workforce 
thresholds, as well as to optimize within this framework. 
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The analysis is specifically formatted as a linear goal programming model, and is based on an approach described 
by Gass et al. [ 1 0]. It was developed in order to provide the maximum flexibility in addressing KSC needs, as well 
as those of the workforce planneL This combination of flexibility and effectiveness is accomplished through the 
application of weighting factors. Successful application the system will still require the knowledge, judgement, and 
expertise of the workforce planner. For example, it may be observed that meeting an organization's skill 
requirement in one year may have a different importance (weight) than a similar goal in a different year. One 
situation may involve a changing skill pattern based on the Center's transition to a R&D environment. Meeting an 
organization's R&D skill requirement may have more importance in the later years of the planning horizon, when 
the KSC transition is complete. Conversely, a project may have a stronger desire to meet workforce targets in the 
early planning years, due to the uncertainty regarding long-term funding. 

A pop-up screen will be displayed upon initiation of the Skills Optimization module. The screen will allow the 
application of weights to individual organization skill requirements (as indicated in TMPl). The weights will default 
to "l" for all such combinations, implying equal importance. A range·of0 to 5 (with 5 being the highest 
importance0 is recommended. The objective is to minimize the weighted sum of the valu~s of all of the shortage 
and surplus variables (i.e. the deviations). The model must be calibrated in terms of the deviation variables' weights. 
As noted previously, this is established via response to a series of pop-up screens upon initiation of the Skills 
Optimization module. 

FUTURE WORK 

The work on this project is still in the developmental stage, with actual programming currently in process. Upon 
completion of the system's construction, a thorough verification and validation will be conducted. Conventional 
software engineering techniques, i.e. using a set of predetermined tests, will be used to verify the integrity of the 
database, modelbase, and associated interfaces. A series of unit, module, and systems tests are planned, using both 
actual and contrived data. 

The verification process insures that the system performs the functions identified in the design specifications. The 
validation process establishes that the system's functionality will address the original business problem and the 
user's needs. Face validation by HM-E personnel, and a predictive validation are planned, in accordance with the 
procedures described by Blanchard and Fabrycky [12]. A two-month field validation then will be conducted. 

CONCLUSIONS AND FUTURE WORK 

According to Blanchard and Fabrycky [12], "Every system is developed in response to a need or to fulfill some 
anticipated function. The effectiveness with which the system fulfills this function is the ultimate measure of its 
utility and its value to the customer". In Task 1 of this research, a series of current and proposed systems at 
Kennedy Space Center were reviewed with regard to their applicability to Center-wide workforce planning. Due to 
the cited limitations of these systems, Task 2 was initiated. Task 2 encompassed the development of a functional 
design specification for the Integrated Workforce Modeling System, which is intended to better meet the needs of 
the KSC Workforce Planning group (HM-E). Inputs, processing considerations, and resulting outputs are identified, 
as well as the necessary hardware and software assets. These specifications are consistent with the KSC Chief 
Information Officer's guidelines. 

!WMS will be constructed and implemented as designed, initially as a stand-alone system. This will allow the 
opportunity to prove out its functionality, as well as providing the Workforce Planning group with a tool to support 
KSC's transition to an R&D-based organization over the near-term. It has been recommended that, in subsequent 
years, !WMS should be incorporated into either IFMP (Integrated Financial Management Process) or PRMS 
(Project Resource Management System). These two "supersystems" are currently under development at KSC. They 
are independently developing their own standardized linkages to other Center information systems and databases 
(and sometimes replacing them). Assimilation will reduce the number of redundant/conflicting systems and 
interfaces, as well as improving long-term maintenance of the !WMS functionality. 
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ABSTRACT 

Many studies that have been conducted recently have predicted the overall IT labor shortage in the United States 
will continue to grow. Add in workforce expansion, job hopping, a highly competitive market, and the pressure to 
fill vacancies quickly, the margin of error becomes quite small in choosing the right IT candidate. Hiring the right 
person today is paramount to the success of the firm. A selection tool that has recently gotten rave reviews from 
many Fortune 100 executives as a interviewing method that is very good at predicting performance of job candidate 
is behavioral based interviewing (BBi). This paper will discuss how BBi is conducted, how it compares to other 
interviewing methods, and why it is important for IT firms to use it in today's marketplace. 

INTRODUCTION 

Finding more effective selection techniques or tools are increasingly important, for the most part, because of the high 
cost of hiring and training new employees (Randall and Randall 1990). Estimates of recruiting costs for IT personnel · 
range from $7,000 to $20,000 per employee (Schmit 1998). Furthermore, if a new employee leaves in the first year, 
the estimated cost to replace the employee ranges from three to four times his or her salary (Clieaf 1991; Sierpina 
1999). When employers add in the hidden costs (training costs from the departed employee, productivity loss, 
employee morale, loss of intellectual property, and damage to the company's reputation) of losing an employee, 
recovery from such damage may take years. Thus, a company that can find a more effective and successful selection 
technique will have a competitive advantage in the marketplace. 

INTERVIEWING 

Numerous research studies have been done to evaluate the selection techniques used for hiring employees. The 
research has covered everything from personal interviews, IQ tests, previous job experience, references, education, and 
personality tests (See Randall and Randall 1990). One of the most widely used selection procedures is the traditional 
employee-employer interview (McDaniel, Whetzel, Schmidt, and Maurer 1994). The interview is designed to predict 
future performance by identifying interviewee's knowledge, skills, abilities, and behaviors by evaluating the oral 
responses to the oral questions presented by the interviewer (McDaniel, et. al. 1994; Wiesner and Cronshaw 1989). 
However, research has questioned the effectiveness of the employment interview in predicting the applicant's 
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performance (McDaniel, et. al. 1994;; Weekley and Gier 1987). Clieaf (1991) reports that the traditiona{hiring 
interview has only a 15-20 percent chance of accurately predicting job performance. 

The following explanations are offered as reasons why employers may continue to use employment interviews while 
academic research has shown other techniques to be better predictors. First, the interview indirectly adds value to 
the process beyond that of a selection tool in such areas as recruitment (Rynes 1989), public relations, and feedback 
(Arvey and Campion 1982). Second, managers believe in the value of the interview (Campion, Pursell, and Brown 
1989). Third, managers may continue to use the interview because of company policies, habits, experience, ease, or 
the feeling of power (Arvey and Campion 1982). Fourth, the employment interview may be a valid predictor of 
performance which academic researchers have failed to replicate (McDaniel, et. al. 1994). 

THE CURRENT STATE OF THE IT MARKET 

Recruiters are faced with the following conditions that have forced them to rethink their current model of hiring IT 
workers: an IT labor shortage, intense competition from the in-vogue dot com _companies, job hoping atmosphere that 
is often encouraged, escalation of salaries and other perks, supply-chain integration, complexity of technology, shorten 
life cycles of products, and growth in Internet-based computing. All of these events have put pressure on demand for 
IT services, therefore forcing recruiters to become more creative and picker in their selection of job candidates 

Just how bad is the IT labor shortage? It depends on whom you as~. Estimates of IT worker shortage range from zero 
(see Matloff (1999) for explanation) to approximately 400,000 (Khirallah 1999). Whatever the actual number, it 
appears most firms are in the need of IT workers. The IT market is tight, and it appears to be getting tighter. The 
Gartner Group consulting firm released a study indicating that global demand for IT skills will outstrip supply by 20% 
in 2004. 

Recruiters have reacted in two ways to the IT shortage. One, some managers have panicked and hired warm bodies to 
fill the IT vacancies. Two, some managers have become more selective in the hiring process. The problem with warm 
body method is you start hiring people who aren't qualified and productivity goes down and good employees have to 
undo the damage done (Office Systems Nov. 1999 Jean Buchanan). It appears that employers that are more selective 
alleviate many of the long-term problems associated with quick fixes. Because IT has become so critical, hiring 
managers are more careful about whom they hire because they have no assurance that they'll keep their new employee 
very long and because of the high salaries being offered. 

In response to the IT worker shortage and high salaries, many IT firms have lobbied the government to raise visa 
requirements while others have dealt with long term solutions such as getting more youths involved in mathematics and 
technical education at an earlier age. However, managers need an immediate solution to their current problem. One 
answer being offered is to focus on people who want to work and can be trained on the job _rather the candidate with the 
ideal skills (Flynn 1999). Trainability is becoming one of the most important attributes for the ideal IT candidate. One 
of the largest consulting firms, Andersen Consulting, uses this method in its recruiting process. 

Furthermore, current academic research has shown tests, academic achievements and related work experiences to be 
methods that are better suited to measure technical abilities while past behavior situations more accurately access a 
candidate's personal'preferences, attitudes, personalities, and behaviors. In an effort to recruit the best IT workers, a 
growing.number of companies are screening applicants to see if they have the right attitude and personality to fit their 
culture and objectives. A person may have the skills and knowledge to do the job, but lack the motivation or will to 
do the work (Pascarella 1996). Donald DeCamp states, "70 percent of the job interview should be devoted to 
determining the expected behavior of the candidate in the actual job situation." 

A interviewing technique that many Fortune 500 firms have begun to use to better predict motivation, personality, and 
attitudes of job candidate is behavior based interviewing (BBI). Another strength of the BBI technique is its ability to 
identify those who lie during an interview. BBI uses a drill down or probing approach that prevents many applicants 
from falsifying about their sills and-abilities. They is critical in todays market. Because of the allure of the high-tech 
firms and the riches that have been reported, many job candidates are inflating their qualifications with the hope of , 
getting stock options and perks (USA Today). The Society for Human Resource Management has reported that as 
many as 53% of the job candidates are falsifying information on the resume and job application (USA Today) USA 
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Today Friday February 18, 2000 "Some techjob seekers inflating resumes" Stephanie Armour Section B page I Also, 
Training Jim Kennedy O Invented lies). 

BEHAVIOR BASED INTERVIEWING 

Behavior-based interviewing or patterned behavior description interview (PBDI) is based on the concept that past 
behavior can predict future behavior (Janz 1982; Orpen 1985). The goal is to understand how applicants handled 
situations and decisions in the past that may be similar to future situations within the interviewing firm. The concept 
behind BBi is simply that past behavior is the best predictor of future behavior. The idea is that BBi techniques can 
help uncover information about a candidate that predicts whether or not that person, in addition to the skills and 
knowledge needed for_the job, has the personal and performance attributes needed to succeed. 

An example of a behavioral interviewing question is: Describe a time when you worked in a group and one of the 
members of the group did not carry his or her weight. Probing questions could lead to the following: How did you 
handle this situation? How did it make you feel? When did this take place? What was the make-up of the group? 
This type of interviewing technique prevents theoretical answers, makes it difficult to lie, does not lead the applicant to 
one right answer, and measures actual behaviors. There appears to be a movement by those in 'industry to utilize this 
technique of interviewing to boost the odds of successfully predicting performance of new hires (Griffin 1996). 

The first step in developing this interviewing tool (BBi) is to understand what makes an organization's existing staff 
successful at their particular positions. In addition to identifying star performers and in-depth job analysis is done. 
Many businesses ( e.g., Andersen Consulting) have concluded that the best way to hire individuals who will succeed 
within a given organization is to understand why some of their people are top performers, while others are mediocre. 
From that profile an organization can determine what mental aptitudes, skills, abilities, behaviors, and personality traits 
correspond with success in that particular position. Thus, the customized-structured interview varies from firm to firm 
since profiles of one organization's successful staff may not apply to another organization's staff. 

In step two, open-ended questions are developed for the interview that will identify whether the job candidate possesses 
the traits, behaviors, and skills needed to be successful in the position being hired for. Also a rating scale is developed 
to measure the candidate's overall success in the interview. 

After development and testing of the questions used to identify the themes, the next step is to interview potential 
candidates for the firm. The focus of each interview of a prospective candidate is to look for the behavior needed for 
the particular position. During the interview, the interviewer listens for responses to each question to determine if it 
matches the desired behavior for the job. After the interview, the interviewer determines whether the candidate meets 
the essential criteria or has the essential behavioral qualities. 

CONCLUSION 

The success of the interviewing process has become even more important today due to the current market conditions of 
the IT industry. Recent events within the IT industry have forced recruiters to reevaluate their interviewing and 
recruiting techniques for IT workers. In today's market, new people are the lifeblood of firms going forward, and no 
firm can afford not to recruit new workers or to retain them. IT has little or no value if the IS organization lacks 
sufficient skilled staff to make IT work. Furthermore, profitability and sustainability of today's organization is 
technology driven. In today marketplace with shorten product cycles, it is paramount for the firm to hire the right 
person since instant productivity is crucial to the success of the firm. 

Several researchers have shown advances and respectable results in predicting job performance (see Campion, 
Campion, and Hudson 1994; Campion, Pursell, and Brown 1988; Huffcutt and Arthur 1994; Janz 1982; McDaniel, 
Whetzel, Schmidt, and Maurer 1994; Orpen 1985; Wiesner and Cronshaw 1988; Wright, Lichtenfels, and Pursell 
1989). They have recommended the structured, job-related approaches to interviewing. The behaviorally based 
approaches (BBi - a structured interview) to employment interviewing appear to offer a promising application to 
identifying successful candidates (Randall and Randall 1990; Weekley and Gier 1987). 

The final puzzle to·the hiring process is the retention piece. Once the candidate is selected, the firm must consider 
several factors that will influence whether the candidate will remain with the firm. Organizations must consider 
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many variables (e.g., personality, values, and work experience), including talent, both during the h1ring process and 
after the candidate is hired. These variables directly affect employee motivation, productivity and retention. Three 
variables that help in the retention of employees are fit, expectations, and rewards/recognition. 

Retaining good employees are also contingent on the fit between the employee and the organization (Sager, 
1991). The individual must feel comfortable with the people with whom he or she will be working, and 
current employees must feel comfortable with their new associates (Kiechel, 1986). DeCamp (1992) states 
that "85 percent of job changes is organizational incompatibility." A cohesive, positive team environment 
is extremely important for employee retention. The BBi can help by designing the profile .to fit the 
organization's culture, but theme dynamics within each individual also have a strong impact on potential 
success. 

Secondly, employees need to know what is expected of them. An organization must have vehicles in place 
to communicate expectations and goals to associates. The method and frequency of communication of this 
information will vary by organization and by the individual's needs, but an organization must make this 
communication commitment to employees so that each person understands the importance and the purpose 
of his or her particular position. · 

Thirdly, reward and recognition represents another critical area involving employee satisfaction, retention and 
motivation. An organization must have a vehicle in place to recognize performance excellence. An individual must 
have his or her personal needs met within the structure ofthe·organization to feel the concept of "fit" (Sager, 1991). 
Organizations must be aware of these needs and develop vehicles to recognize and celebrate performance 
excellence. 
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Abstract: One hundred and seventy-nine human resource department websites were content-analyzed to learn 
about how companies recruit workers using corporate sponsored websites. HR websites from three different 
regional areas were used to assess differences: San Jose, San Francisco and Sacramento. Results tend to show that 
companies appear to use corporate HR websites strategically. However, results also show that companies are not 
optimizing their usage of web technologies. Specific web-content for each regional area is discussed. 

Introduction 

The Society for Human Resource Management predicts that the majority of companies will recruit new workers 
using web technologies by 2001 (SHRM, 1999). However, other evidence already shows that the majority of 
companies now use the Internet to post job openings (Brilliantpeople.com, 2000). In the Brilliantpeople.com 
survey of 4000 executives, 67% stated that their firms post job openings on the internet. However, more than 65% 
of respondents indicated that they do not put their own resumes online or preferred not to post. This survey also 
reported that only 81 % of companies who do use the web for recruiting post jobs on their own company websites. 
66% of this same group use outside job boards. In addition, according to SHRM, currently less than 13% use the 
web as the primary tool. Finally, in San Jose approximately 85% of all available professional positions open are not 
listed in the San Jose Mercury news or other print sources (SJ Mercury News, 1999). These numbers reveal that 
internet recruiting is growing dramatically in importance as a tool for finding new workers. The data also reveal that 
there are some differences in approaches taken by companies. 

Extensive electronic search of research on this topic reveals several important points. First, there is extremely 
minimal discussion in mainstream academic publications dealing with the issue employmentrecruitment using 
internet resources. This may be due to the timely nature of the issue. Very few companies had formal corporate 
sites prior to 1994. Second, no existing theoretical model currently exists on the issue of recruitment using the 
internet. This is making formal investigation more difficult. Traditional models may provide limited help on this 
issue. However, the uniqueness of web technologies clearly requires new models and theoretical frameworks. 
Thus, there is room for preliminary explorations to support model building in the area of employment selection via 
the internet. 

Crispin & Mehler (1999) offer several predictions about internet recruiting in the years 2000 and beyond. First, they 
predict that recruiters will be able to see applicants in love pc-to-pc online interviews. Second, they predict that 
companies will create strategic sourcing teams to directly target groups they want to recruit. · Finally, online resumes 
will be replaced with 'e-portfolios' providing more detailed information about qualifications and skills. 

There are several reasons why this topic deserves more empirical research than currently available. First, there is 
evidence that website content influences recruiting success rates ( e.g. Wetfeet.com, 2000). Wetfeet.com conducted 
a survey of 750 undergraduate and business school students from 25 U.S. universities. Their study revealed that 
25% of job seekers reject companies based, in part, on the quality of the website. Second, the low national 
unemployment rate of3 .9% in early 2000 is forcing companies to use non-traditional means to recruit new workers. 
Companies rejecting the web as a recruiting tool may find themselves with severe difficulties finding qualified 
talent. Finally, the costs savings and efficiency afforded companies using online recruiting is difficult to beat. 
Many online posting sites allow unlir~1ited and free posting on a global scale while traditional newspaper lis~ings 
may cost up to $150 per job. Overall, the issue of online recruiting is important and deserving of more formal 
investigation. 

This study attempts to provide insight into how companies use their own websites to recruit new workers by 
examining the content of these sites. 

193 Proceedings of the IEMS 2000 Conference 



Research Questions 

The current research was guided by the following research questions: 
1. How do companies encourage prospective employees to apply for jobs that are listed online? 
2. How can you categorize the content of corporate recruiting websites? 
3.- Are there any differences between cities or between industries in terms of web content? What may be 

driving any differences? 

Methodology 

Sample. One hundred and seventy-nine corporate websites were analyzed based on the Bay AreaCareers.com 
alphabetical listing. Bay AreaCareers.com is a comprehensive listing of over 1000 companies from Monterey to 
Sacramento with recruiting webpages online. The sample is not necessarily a representative sample of all 
companies in this region but more representative of the larger companies who have HR department websites online. 
The percentage of companies in the sample within the "Science _& Technology" industries were as follows: San 
Jose 95.5%, San Francisco 25% and Sacramento 30.6%. The Mean number of employees was surprisingly high at 
23,830. This reflects the fact that generally larger companies were used in this sample. 

Categorization. The following categories were used to analyze web content: Encouraging Characteristics. 
Encouraging statistics are those features in web pages designed to encourage applicants to apply. These include: 
Sales pitches on the company and its merits, Pay and compensation, information, with comparisons with other 
companies, The social responsibility behaviors of the company, Quality of work life of typical worker, Profiles of 
typical workers, Diversity information and Benefits information. Assistance Characteristics. As.sistance 
characteristics are those features in web pages designed to assist applications in the process of applying. These 
include: 800# listing, Information on how to scan a resume, Technical advice, HR Department Phone Number, HR 
Email and Fax, Job Fairs they are attending, Community Resources to help new applicants, Multiple languages of 
job listings, Search codes/ Search function, College recruiting days. Indexing Characteristics. Indexing refers to 
how companies index job listings on their web sites. They may choose to list by several means including: By 
functional area (HR vs. Marketing), By region/location (West or Dallas), By Pay (rank ordered) or by Educational 
requirement. Job Characteristics. This involves information regarding the characteristics of the jobs being listed. 
These include: Minimal educational requirement, Responsibilities of the job and Qualifications for the job 

Discouraging ·characteristics. These involve features of a web site where a company tries to discourage you from 
calling or applying. 

Results. To answer the first research question regarding how companies encourage new applicants to apply online 
the webpages of HR departments were examined. Each occurrence of a new practice was tabulated with 
percentages reported by regional area. The results are shown in table 1 below. 

Table 1. How Companies Encourage New Job Applicants to Apply Online (% saying yes) 

Practice 
Send email with resume attachment 
Fax resume to fax number 
Mailing resume using 'snail' mail 
Fill out resume information using online form 
other 
FTP attachment of resume online 
Bring in person 
Adobe PDF file you can print out of the actual job application 
telex information 
video hone 

%Usin 
63.1 
45.3 
38.0 
15.6 
7.3 
5.0 
2.8 
1.7 
1.1 
.6 

The results from table 1 reveal that HR departments are willing to use some level of internet technology to accept 
applications or resum~s. However, only 15.6% are willing to fully utilize the web technology by allowing online 
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applications. Overall, the HR departments observed did not fully utilize web technologies and tended to use web 
pages as forms of advertisement for jobs posted. r 

The second and third research questions deal with how to categorize websites and whether there are differences 
between regional areas in terms of web content. Table 2 below shows the results for the category of encouraging 
characteristics: 

Table 2. Encouraging Characteristics: % Responding ''Yes" by City 

San Jose SF SAC 
Sales Pitch 67.2 56.6 33 .3**** 
Pay/Comp 28.8 9.5 8.3**** 
Benefits 29.9 23.0 22.9 
Soc Resp. 9.0 13.7 2.8 
Qual. of Life 10.4 11 8.3 
Typical Worker 10.9 17.3 2.8 
Profiles 10.8 9.3 2.9 

Photos? 4/7 4/7 7/7** 
Diversity 0.0 2.7 5.6 

One-way anovas * p < .05 ** p < .01 *** p < .005 **** p < .001 

There were significant differences between region in terms of the extent they post Sales Pitches and 
Pay/Compensation information. Sacramento companies are less likely to attempt to a formal pitch to encourage 
workers to apply. San Jose companies are statistically more likely than either SF or Sacramento companies to post 
pay and compensation information. 

Table 3 below shows the results for the category of assistance characteristics: 

Table 3. Assistance Characteristics: % Responding "Yes" by City 

Characteristic SJ SF SAC 

. 800# 0.0 25 · 22.2**** 
Resume Advice 9 6.6 11.1 
Technical Advice 14.9 19.7 2.8* 
HR Phone 26.9 28.4 33.3 
HR Email 82.1 69.3 71.4 
HR Fax 73.1 63.5 47.2** 
Job Fairs 20 11 13.9 
Community Sources ( e.g. real estate) 6 9.6 0.0 
Multiple Language Listing 0.0 1.3 0.0 
Codes 56.1 23,,.7 37.1 **** 
Search Functions 38.5 21.1 25* 
College Recruiting Days 16.7 7.9 20 

One-way anovas * p < .05 ** p < .01 *** p < .005 **** p < .001 

The results from table 3 show that both SF and Sacramento companies are far more likely than San Jose companies 
to have the HR department post an 800 number for prospective job applicants. Also, Sacramento companies are far 
less likely to include a Fax number for the HR department and less likely to offer technical advice on their web 
pages for applicants experiencing difficulties. Finally, San Jose companies were more likely to offer some form of 
search function on their web page. · 
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Table 4 below shows the results for the category of indexing characteristics: 

Table 4. Indexing Characteristics: % Responding "Yes" by City 

Characteristic 

Function 
Region/Location 
Pay 
Educational Requirement 

One-way anovas * p < .05 ** p < .01 *** p < .005 **** p < .001 

SJ 

79.1 
29.9 
0.0 
0.0 

SF SAC 

80.3 71.4 
25 31.4 
1.3 0.0 
11.8 2.9*** 

Table 4 reveals shows that San Francisco companies are more likely to index by educational requirement 
compared to both Sacramento and San Jose. Overall, indexing by functional area is still the primary method used 
across all cities. - -

Table 5 below shows the results for the category of discouraging characteristics: 

Table 5. Discouraging Characteristics: % Responding "Yes" by City 

% who ·specifically discourage certain individuals from calling 

SJ 
SF 
SAC 

6.0% 
17.1% 
5.6%* 

One-way anovas * p < .05 ** p < .01 *** p < .005 **** p < .001 

Table 5 shows that San Francisco companies are more likely than companies in the other cities to 
discourage applicants from applying. 

Conclusion 

There are several major points to make based on the analysis of the data. First, companies are significantly 
underutilizing current web technologies in terms of how they are willing to receive applications. The likely reason 
is because web technologies, while becoming easier to use, are not fully accessible or desired by all companies. 
Very few of the companies, for example, chose to use online application forms for new applicants. They chose to 
use the webpage as a means for assisting in the traditional application procedures ( e.g. fax or mail). As companies 
and HR professionals become more trustworthy of web technologies it is likely that usage of advanced technologies 
will change. 

Second, companies still tend to see corporate recruiting webpages as 'advertisement' where they encourage 
applicants to use traditional methods for application. The evidence still shows that a small minority of companies 
utilize the web as the primary recruiting method. It is fair to characterize current usage of websites as 
'advertisement'. This is a problem for HR departments trying to become technologically literate. It is also likely 
that HR professionals fail to use the website optimally because they either fear the technology or lack the skills or 
resources to maintain such a page. 

There is little ~vidence that there is standardization in how companies encourage you to apply. This is largely due to 
the newness of most web technologies and lack of ability within HR departments to design webpages. 
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This study served several purposes. The primary purpose is to provide an initial examination on possible HR 
practices utilizing web technologies. Model building is not possible until a basic level of understanding exists in the 
extent of specific practices. The next stage of research will be to connect specific practice with outcomes 
experienced by companies such as marketshare, turnover ratio and employment costs. · 
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WELFARE TO WORK: BARRIERS TO WORKFORCE ENTRY 
Randall Harris and John Garcia 

California State University, Stanislaus 

ABSTRACT 
This study examines factors that may affect workforce participation by T ANF recipients enrolled in a California 
Welfare-to-Work (CALWORKS) program. In this study, we examine eight different factors that may represent 
barriers to workforce entry. Our results indicate that T ANF recipients who have not recently participated in the 
workforce differ significantly from individuals who have recent work experience. Potential barriers to workforce 
entry identified in this study include: lower educational attainment, language deficits, a large number of dependents, 
altered family structure, lack of transportation and/or driver's license, race/ethnicity, and the long-term receipt of 
welfare benefits. 

INTRODUCTION 
With the passage of the Personal Responsibility and Work Opportunity Reconciliation Act of 1996, the rules of the 
game have changed dramatically for welfare recipients. Aid to Families with Dependent Children (AFDC) and the 
Job Opportunities and Basic Skills training program, two primary federal social welfare programs for the poor, have· 
been eliminated. In their place, the new law offers block grants to states in order to establish a Temporary Assistance 
for Needy Families (T ANF) program. The law provides the state with flexibility regarding the type of "safety-net" 
to be put into place for low-income families in need.of services, while also including a number of program mandates 
in an attempt to transition the more than sixty year-old AFDC program into a work-oriented transitional program 
(Pavetti, 1997). 

The welfare rolls have certainly dropped as a result of the new legislation (Rand, 1999; Sawhill, 1999). Between 
August 1996 and December 1998, caseloads for the US as a whole have dropped by 38 percent (Sawhill, 1999). 
Caseloads in California during the same time period dropped by over 170,000 cases, or at an average annual rate of 
almost 10 percent (Rand, 1999). The states, though mandated by Federal regulations, have been eager to enact 
welfare-to-work programs. Because welfare rolls are dropping, the states are realizing a financial windfall (Milbank, 
1997). 

With the concomitant drop in welfare rolls comes the increasingly difficult job of moving the individuals who 
remain on assistance into the workforce. Considerable attention, as a result, has been devoted to identifying factors 
that may represent barriers to welfare recipients seeking and retaining employment. For example, Johnson & Tafoya 
(1999) found that the basic skills of welfare recipients fall significantly behind the general population. Danzinger, et. 
al. (1999) describe the (in many cases) multiple barriers to workforce entry that welfare recipients face· and conclude 
that these barriers far exceed simply shortfalls in educational attainment. Cheng (1995) concludes that exit from 
welfare is less likely for single mothers with few job skills. Slowly, a picture is beginning to emerge of a complex set 
of factors that disrupt and prevent the entry of welfare recipients into the workforce and in many cases hastens their 
exit. Once having slipped into poverty, many individuals continue to return to poverty in spells (Bane & Ellwood, 
1986; Stevens, 1999). 

The purpose of this study is to identify several barriers to workforce entry that welfare recipients face. Using a large 
sample of individual records culled directly from TANF (Temporary Assistance for Needy Families) and 
CALWORKS (California Work Opportunity.and Responsibility to Kids) programs, we contrast CALWORKS 
recipients that have a work history with those who do not. Our results indicate that a large proportion of individuals 
in the TANF and CALWORKS programs face significant, and in many cases multiple, barriers to workforce entry. 
We identify barriers to workforce entry due to educational preparation and education, family composition, lack of 
adequate transportation and demographic factors. We argue here that these barriers to workforce entry must be 
addressed in order to ensure the long-term success of the welfare reform initiative. 

Research Hypotheses 
We are specifically concerned in this study with work history among welfare recipients. Prior research has shown 
that welfare recipients, particularly women, with prior work experience are less likely to return to welfare 
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(Danzinger, et. al., 1999; Harris, 1996; Harris, 1993). Little work experience represents a barrier to workforce entry 
(Danzinger, et. al., 1999, p.16) or a human capital deficit (Harris, 1993, p.323). Individuals with prior work 
experience are more likely to exit welfare by continuing to work than those with no recent job experience. Moreover, 
individuals work their way off welfare when they can command a higher wage in the labor market (Harris, 1993, 
p.343). Work experience therefore represents a critical link in breaking the cycle of welfare dependency. 

As a result of this prior research, we hypothesize that individuals on welfare with no work experience should differ 
significantly from welfare recipients with a recent work history. Individuals without work experience are at a greater 
disadvantage in the job market. They should therefore be experiencing a greater number of barriers to workforce 
entry: 

Hypothesis 1: T ANF recipients who have a work history will differ significantly from individuals who do 
not. 

Hypothesis 2: TANF recipients who do not have a work history face a greater number of barriers to 
workforce entry. 

RESE~RCH METHODOLOGY 

Data Sources 
The data utilized in this study pertained to persons in receipt of services from one human service agency located in 
Merced County, California. We examined the two existing databases utilized by the Merced County Human Services 
Agency, the primary T ANF and CAL WORKS administrator for Merced County, which included case level data on 
all persons receiving services in the county. The Merced Automated Global Information Control System (MAGIC) 
provided most of the basic demographic data on the TANF population, including information such as race/ethnicity, 
country of origin, language(s) spoken, gender, year of birth, and driver's license status. 

The GAIN Employment Maintenance System (GEMS) was the database we utilized to glean work related 
information such as length of time out of workforce, educational attainment, and vocational training, along with 
other useful demographic data such as family composition and number of dependents. We matched persons across 
these two databases in order to derive our research sample. 

Research Sample 
The subjects in this study were all active adult (over age 18) TANF recipients in Merced County, California, in 
August of 1998. In August of 1998, there were 5392 active adult TANF cases. However, this number was inclusive 
of persons who were classified as exempt from work requirements due to "special circumstances." In order to focus 
our attention solely on those persons who must meet work requirements under the new federal guidelines, only non
exempt cases were included in the analysis. As such, the analysis was conducted on a total sample of 4014 active 
status cases (welfare recipients required to meet work requirements). 

The sample was comprised of 2909 women (72.5%) and 1105 men (27 .5% ). The average age of the T ANF recipient 
was 32.33 years (standard deviation of 8.6 years). The ethnic composition of the sample included 1613 Hispanics 
(40.2%), 1221 White/Non-Hispanics (30.4%), 777 Asian or Pacific Islanders (19.4%), 386 African Americans 
(9.6%), and 17 American Indians (.4%). It should also be pointed out that the Asian or Pacific Islander group was 
largely comprised of Laotian and Hmong refugees. Forty-six percent (n=358) of the persons identified as Asian or 
Pacific Islander were classified as having refugee status. 

Variables 
We examined a total of eight variables in four broad categories that have been discussed in the literature as barriers 
to transitioning recipients from welfare to -work. Category one examined educational preparation and included the 
variables: 1) educational attainment (highest grade completed), and 2) English language deficits. Category two 
focused on family structure as a barrier to employment and included two variables: 1) number of dependents in the 
household and 2) family composition (single parent households versus two parent households). 
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· Category three examined transportation as a barrier to employment and includes two variables: 1) driver's license 
status ( e.g. no driver's license) and 2) vehicle .status ( e.g. no reported vehicle). We also examined two demographic 
factors and that included 7) race/ethnicity and 8) time on AFDC (now T ANF). 

These variables were compared together and separately against recent work experience, which encompassed any 
three-month continuous employment at the same employer in the previous 24 months. It should be noted here that 
we also examined 12-month recent work experience and this does not affect our results. 

Analytic Procedure 
We first used a Multivariate Analysis of Variance (MANOVA) test .in order to test our first hypothesis (there will be 
significant differences between welfare recipients ~ith and without recent work experience). While the omnibus 
MANOV A test indicates if there are significant differences between the two groups regarding the employment 
barriers, the statistical test does not pinpoint exactly where those differences are located. Following a significant 
MANOV A result, protected post-hoc tests were conducted in order pinpoint/locate where the differences occurred 
between the two groups. This plan for testing our hypotheses is the most prudent approach because it guards against 
alpha inflation and the chance of committing Type I error. 

The second research hypothesis-that welfare recipients without recent work experience will face a greater numb~r 
of barriers -- was tested using post hoc tests of One-way ANO VA and Chi-Square, where appropriate. This post-hoc 
testing was used to disaggregate the differences between the working and non-working welfare groups. 

RESULTS 

Employment Barriers By Workforce Status: Omnibus Test 
The results of the Multivariate Analysis of Variance is presented in Table 1. The Pillais, Hotellings and Wilks tests 
all indicate that there is significant variance between the work and non-work experienced groups. That is, with a p
value of less than 0.05 and an associated significance of F = 0.00, significant differences were observed between the 
work and non-work experienced groups. Our Post-hoc analysis will further suggest that there are significant 
differences on all eight dimensions between the two groups. 

TABLE 1 
MANOV A Analysis: Differences in Workforce Status by Barriers to Entry 

Multivariate Tests of Significance 

Test Name 

Pillais 
Hotellings 
Wilks 
Roys 

*p<0.10, **p<0.05, ***p<0.01 

0.04 
0.04 
0.96 
0.04 

14.66 
14.66 
14.66 

Significance of F 

0.00*** 
0.00*** 
0.00*** 

Employment Barriers By Workforce Status: Protected Post-hoc Tests 

Educational Attainment. A One-Way Analysis of Variance was conducted to examine the educational attainment 
difference between the work and non-work experienced groups. The average level of education for welfare 
recipients with a work history was 10.03 years. The mean for individuals without a work history was 8.45 years. 
With an F-ratio of 99.33 and a p-value of p<0.05, the results indicated that there was a significant difference in 
educational attainment between work and non-work experienced recipients. Recipients without work experience had 
significantly lower levels of educational attainment. 
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Language Deficits. With a chi-square ratio of 118.81 and an associated p<0.O5; the results indicate that the 
recipient's primary language spoken affects workforce participation. Interestingly, Spanish in this sample does not 
represent a barrier to workforce entry. Workforce participation rates for both English and Spanish speakers are 
comparable. It is the South-East Asian tongues, Hmong; Mien and Lao that appear to inhibit workforce entry. 

Number of Dependents. The mean number of dependents for recipients with a recent work history is 2.41. The 
mean number of dependents for recipients without a work history is 2.89, .A One-Way Analysis of Variance was run 
against these group means. With an F value of 5.81 and a p<0.05, the results indicate that there is a significant 
difference in the number of dependents between the two groups. Qualitatively, the number of dependents appears to 
center around two children. Beyond two children, workforce participation begins to drop considerably. 

Family Composition. Our initial univariate test results on family composition were negative. In this initial analysis, 
we only tested single-parent families versus two-parent families ( e.g. we dichotomized a categorical variable). Once 
we broke family composition into their separate underlying cells and tested, however, our results were different. 
With a Chi-Square of 48.54 and a p<0.05, our post-hoc test indicated that there are indeed ·differences in workforce 
participation by family composition. While second parents in a 2 parent family had higher labor force participation, 
being either a single parent of the first parent in a two-parent family significantly decreased workforce participation 
rates. That is, primary caregivers in these family units appear to have made tradeoffs between family and workforce· 
participation. · 

Driver's License Status. A post-hoc Chi-Square analysis pinpointed a large difference in driver license status 
between the working and non-working groups. With a Chi-Square of 21 .17 and a p<0.O5, significant differences 
were noted between the groups. Individuals without work experience were much more likely to not have a driver's 
license. 

Vehicle Status. Individuals with work experience were also much more likely to own a vehicle. Conversely, 
individuals without a work record were much more likely to not own a vehicle. This result, with a Chi-Square of 
5.97, is significant at the p<0.05 level. 

Race/Ethnicity. The most glaring difference regarding work force participation and absenteeism over the past 
twenty-four months involves the Asian population in contrast to the other groups. At least half of all of the Native 
American, Hispanic, African American, and White/Non-Hispanic recipients had worked at some point during the 
past two years. Furthermore, Native Americans, Hispanics, African Americans, and White/Non-Hispanics had 
nearly identical recent work force participation rates. However, slightly more than two-thirds (68%) of the Asian 
recipients had not worked in the past two years. This result, with a Chi-Square of 85.06, is significant at the p<0.05 
level. 

Time on AFDC. The critical time period that appears to make the difference in this sample is two years. Below two 
years on AFDC, workforce participation rates are still higher than non-workforce participation rates. After two years 
receiving AFDC, however, workforce participation rates begin to drop. This result is significant at the p<0.05 level. 

DISCUSSION 
Implementing a Welfare to Work program is not likely to be a universal panacea for returning welfare recipients to 
the workforce. Welfare recipients face a whole panoply of, in many cases, undiagnosed barriers to seeking and 
retaining employment (Danzinger, et. al., 1999; Kalil, et. al., 1998). Analysis of potential barriers to employment can 
reveal the extent to which current welfare recipients have problems that either singly of in combination interfere with 
participation in training programs, complying with new rules, and ultimately gettingjobs, keeping jobs, and 
increasing wages (Danzinger, et. al., 1999, p.2). It is the ability of recipients, social service providers and employers 
to understand and address these underlying barriers that will ensure the success of current welfare reform initiatives. 

The study presented here has examined a host of factors that we argue contributes to the failure of welfare recipients 
to find, gain and retain employment. We examine these factors in the context of welfare recipients who are, or have 
recently been, employed. There appears to be considerable variation among welfare recipients and their job readiness 
skills, ranging from those who are ready and able to work to those who face numerous barriers to gaining and 
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maintaining employment (Eberts, 1997). We believe that by comparing welfare recipients with and without active 
work histories we can illuminate those factors .that may play a significant role in breaking the cycle of dependency 
and welfare "spells" (Harris, 1996; Bane & Ellwood, 1986). 

There is a basic limitation of the results presented in this study, and it is the generalizability of these results to the 
entire population of welfare recipients. in the United States. Merced is a rural, agrarian county in the Central Valley 
of Northern California. There may be large differences between this population and other, particularly urban, 
popul&tions. For example, blacks are a proportionately smaller group, both in the county and in the welfare 
population of the county. Our results as a consequence may not be generalizable to other groups where black and 
other ethnic minorities ar~ more proportionately rep~esented. 

This may be particularly true regarding the Southeast-Asian Hmong population documented in this sample. The 
Hmong, many of whom are refugees, represent a group that appear vastly different from other ethnic groups 
presented here. It appears that the Hmong face particularly difficult challenges integrating and becoming self
sufficient within mainstream American society. The roots of this challenge are not clear, based upon our preliminary 
investigation of this group. It represents a particularly intriguing avenue for future researcµ. 

Our research also leads us to another area for future research - the potential job market mismatch between the needs 
of the local labor market and the basic skills deficits of welfare recipients. The lack of basic skills of welfare · 
recipients has been documented elsewhere (Johnson & Tafoya, 1999). Combine a lack of basic skills with the 
additional barriers documented here, and the results can be devastating (Harris, 1993). Narrowing this basic skills 
gap and addressing the barriers we have presented here is essential in implementing welfare to work and their state
sponsored programs. Ignoring the potential pitfalls of this great social experiment may lead to large, deleterious 
social consequences. This is the legacy of the current welfare reform legislation. 
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MALAYSIAN MANAGERS' USE OF INTUITION IN DECISION MAKING 

Mohamed Sulaiman, Center for International Studies, Ohio University 
Jauhari Lal Gupta, Sri Ram College of Commerce, Delhi, India 

INTRODUCTION 
As individuals we make decisions, in . fact, hundreds or thousands of decision everyday. A decision can be 
something insignificant like whether to scratch an itch or a major decision like the purchase of a new house. The 
decision to scratch an itch is often made without much thought or rather instinctively, whereas a decision to buy a 
new house is made after rpuch thought, analysis, co.mparison and perhaps consultation. These decisions are made 
differently because of their differing cost, impact and implications. 

In organizations, managers make decisions or choices from two or more alternatives. Top managers determine for 
example, their organizations' goals, what products or services to offer, how best to organize or where to locate a 
new plant, etc. Middle and lower:-level managers determine production schedules, select new employees and decide 
how pay raises are to be allocated, etc. Of course, non managerial employees make decisions too. Their decisions 
affect their jobs and organizations they work for. These decisions include whether or not to come to work, how 
much effort to put at work and whether to comply a request made by his supervisor, etc. An individual's decision, 
therefore, is an important part of organizational behavior. 

The problem with a very common phenomenon like decision making is that very little is understood about it. This is 
mainly attributed to the fact that not much empirical research had been done on this phenomenon. How do we make 
decisions? What is the basis for choosing an alternative over the other? Do we rationally analyze each alternative 
and decide, or do we gloss through the alternatives and intuitively know the best alternative? This research attempts 
to shed some light on this interesting phenomenon. 

The authors gratefully acknowledge the grant provided by Universiti Sains Malaysia, Penang, Malaysia for this 
research. 

DECISIONS 
Decision making is often defined as making a choice from among two or more alternatives. Usually decision 
making occurs as a. reaction to a problem. For example, if there is a discrepancy between a current state of affairs 
and some desired state, consideratfon is required of the alternative courses of action, after due .analysis and 
evaluation. On the other hand, a decision can also be made regarding future strategies of the organization, such as 
for strategic planning, where information is incomplete and uncertainty reigns. 

Every decision requires interpretation and evaluation of information. Data is received from multiple sources and 
need to be screened, processed and interpreted. But what data is relevant and what is not? Only the perceptions of 
the decision maker will answer this question. Alternatives have to be developed and the strengths and weaknesses of 
each will need to be evaluated. Finally a decision is arrived at (Robbins, 1993). 

Heirs ( 1986) and De Bono ( 1982) suggest that decision making can be taught. Heirs uses the term decision
thinking, which he contends covers a four-stage process. Decision making, in his view is no more than the last stage 
of the decision-thinking process. The four stages of the decision-thinking process formulate a question and gather 
data, create alternatives, predict consequences, and evaluate alternatives. 

The implication of Heir's view is that decision making is an ordered process. De Bono's view seems to be that 
perceptions and feelings matter most in decision making. He says "Feelings is what makes a human being human". 
De Bono proposes lateral thinking rather than logical thinking. Logical thinking refers to the processes as proposed 
by Heirs, whereas lateral thinking is based on ingenuity and feelings. 

Rowan ( 1986) holds the view that the biggest road block to creative decision making is not having guts to follow a 
good hunch. This is an extension of our schooling, training, experience in which the word "hunch" is odious to the 
professional manager. Logic and analysis are prized. Intuition is often frowned upon. However, Rowan suggests 
that great leaders and successful chief executives make their greatest decisions on the basis of intuition rather than 
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logic or analysis. This is, because analysis could never be complete because information is never complete and the 
future is uncertain. 

The Eureka factor (I have found it) is a sudden illuminating flash. Many scientists are quick to admit that scientific 
breakthroughs do not evolve slowly from a sequence of deductions. They spring from hunches that cannot be 
completely explained. "There are no logical paths to these natural laws," says Albert Einstein. "Only intuition 
resting on our sympathetic understanding of experience can reach them." 

Every employee makes decisions, if only what course of action to recommend to the bird one branch higher in the 
corporate ladder. As a manager is promoted, the further into the unpredictable future his decisions reach and the 
more he relies on intuition. Intuition is knowledge gained without rational thought. 

RESEARCH PROBLEM 
This research intends to explore whether managers use intuition in their decision making. If they do, how do they 
feel in using intuition. The research will also try to answer the questions of whether there are differences in the 
usage of intuition between men and women managers, between managers of different age groups, races, levels in 
the hierarchy, etc. As the study is an explanatory one, the findings are very preliminary. 

Hypothesis 
The general hypothesis of this research can be stated as follows: 

The intuitive decision making style of managers differs according to gender, age, race, marital status and 
managerial levels. The specific hypothesis are as below: 
H 1: Women managers are more intuitive than men 
H2: The older age groups use more intuition in their decision making 
H3: The higher level managers use more. intuition in their decision making 
H4: For managers of different levels intuition functions best at different times 
H5: Managers at different levels experience different feelings about making decisions using intuition 
H6: Those who are married are more intuitive both in normal circumstances and under stress. 
H7: Managers of different levels prefer different degrees of uncertainty. 
H8: Managers of different races experience different feelings in making an intuitive decision 
H9: Managers of different races use different decision making styles 
H 10: Managers of different age groups use intuition at different stages of the decision process 
H 11: Managers of different age groups deal differently with the use of intuition (i.e. keep it a secret or share it with 

someone) 

Sample 
This research was conducted in 1994 in Malaysia. The sample comprised 300 executives, managers, and chief 
executives from 50 firms in Penang. The 300 managers and chief executives, were identified and questionnaires 
were circulated to them in their organizations. 

One hundred and seven filled questionnaires were obtained anci analyzed. This gives a return rate of 35%. The 
characteristics of the sample are as in Table 1. 

T bl 1 S l Ch a e : ampe aracteristics 
Gender 

Male 92 86% 
Female 15 14% 

A2e 
25-34 28 26.2% 
35-45 58 54.2% 
46 & Above 21 19.7% 

Race 
Malav 42 39.2% 
Chinese 40 37.4% 
Indian & others 25 23.4% 

Marital Status 
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Married 85 79.5% 
Single 22 20.5% 

Level of Manae:ement 
Managing Directors/G.Ms. 34 31.8% 
Managers 44 41.1% 
Executives 29 19.7% 

It should be noted that the respondents are overwhelmingly male with the majority in the 35-45 age group. There 
are about equal numbers of Malay and Chinese in the sample. Almost 80% of them are married. There is a fai r 
distribution of the respondents in terms of the levels of management, i.e. executive, managerial and general 
management. 

Table 2 shows how the respondents view themselves on the dimensions of imaginative vs realistic, theoretical vs 
practical, facts vs ideas and the use of intuition. 

T bl 2 I a e : magmatlon vs R rt ea 1 :y 
Imagination vs Reality 

Imaginative 25 23% 
Realistic 82 77% 

Theoretical vs Practical 
Theoretical 27 25% 
Practical 80 75% 

Factual vs Ideal 
Facts 58 54% 
Ideas 49 46% 

Frequently Used Intuition 
Yes 63 59% 
No 44 41% 

Seventy six percent of the sample view themselves as realists, which is in consonance with being practical (74%). 
Fifty four percent shows a preference for facts with 46% for ideas. Sixty three of the respondents or 59% said they 
have often used intuition in decision making. This shows that even though managers view themselves as realists, 
practical and factual a majority still use intuition at one stage or another. 

Test of hypothesis 
Men and Women 
The hypothesis (Hl) states that women are more intuitive than men is borne out in this research. Sixty-four percent 
of the women managers say that they make decisions based on a sudden flash of insight. · 

T bl 3 D . ' b d S dd Fl h fl . h a e : ec1s10n ase on u en as 0 ns1g t 
Not Chosen Chosen 

Male 67.4% 32.6% 
Female 35.7% 64.3% 

X'' = 3.96 Sig= 0.04 
Table 3 shows that a significantly larger percentage of women that men use insight or intuition as a basis for 
decision making. The data seems to support the idea that women are more intuitive. 

This is supported by the data from the question "When does intuition function best?". Table 4 shows the differences 
of answers that men and women provide. 

Table 4: Intuition Functions Best 
Beginning End Varies 

Male 38% 51.9% 10.1% 
Female 23.1 38.5 38.5 

X"= 7.43 2 d.f. Sig= 0.02 
For a majority of men the flash of insight (intuition) comes at the end of the decision process, whereas for women, it 
varies. This would imply !hat men prefer analysis and only after analysis has been exhausted would they make the 
decision. 
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Age and Intuition . 
The hypothesis that the older age groups use more intuition is · not borne out. Table 5 shows the results of X2 

analysis between age groups and intuition or flash of insight. It shows that the older group would use less "flash of 
insight" than the younger age group by percentage. But the difference is not significant. 

T bl 5 F r Fl h f I . h . D . . M ki a e : ee mg as 0 ns1g tm ec1s1on a ng 
Age Not Chosen Chosen 

25 - 34 42.7% 57.3% 
35 -44 65.5 34.5 
45 & Above 68.4 31.6 

X'= 4.72 Sig= 0.09 
Top Management and Intuition 
The test on the hypothesis (H3) that the higher level managers use more intuition is not supported. On the contrary, 
the younger managers seem to indicate they use more intuition than the seniors. 

T bl 6 M a e : . IL anageria eve an di ntmhon 
Level · Analysis Intuition 

Executive 10% 90% 
Manager .. 4.7 95.3 
GM/M.D. 29.4 71.6 

X' = 11.35 Sig= 0.003 
Table 6 shows that a great majority of the sample use intuition or "gut" feel especially the .executives and managers. 
The managers seem to use mostly intuition in their decision making. 

On the other hand, the top management (general managers and managing directors) tend to use significantly more 
analysis (29.4%). This is in contrast to the popular belief that top managers have to rely more on intuition because 
of the incompleteness of data at higher level of management. 

T bl 7 L I fM a e : eve o anagemen an d I t ·r n Ul 100 
Be,:!innin2 End Varies 

MD/GM 51% 44% 3.7% 
Manager 36 53 9.8 
Executive 16 50 33 

X' = 11.85 4 d.f. Sig= 0.018 

The hypothesis (H4) that managers of different levels use intuition at different stages in the decision process is 
supported. The higher level managers seem to experience intuition at the beginning of the decision process, whereas 
the lower group (executives) experience intuition either at the end or varies (33%). 

Hypothesis H5 states that managers experience different feelings about using intuition. The question asks whether 
they_ feel an upset stomach (nauseous) in using intuition. Table 8 shows that tfie higher level managers ·feel more 
nervous about using intuition. 

T bl 8 F r "U a e : ee mg ipset s tomac h" 
Level Yes(%) No(%) 

Executive 54.5 45.5 
Manager 79.5 20.5 
MD/GM 88.2 1.18 

X' = 8-.85 2 d.f. Sig= 0.01 
This hypothesis is supported. The middle and top level managers seem to indicate they feel more nervous when they 
use intuition. This seems to support the earlier hypothesis (H3) that top managers prefer to use hard data rather than 
intuition. 

Marriage and Intuition 
H6 states that married managers are more intuitive than single managers both under normal circumstances and 
under stress. The data, table 9 and 10 show that married managers are more intuitive . both under normal situations 
and under stress. 
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Table 9: Use of Intuition in Normal Circumstances 
Yes(%) No(%) 

Married 61 39 
Single 23 77 

X'' = 5.18 Sig= 0.02 

Table 10: Intuition under Stress 
Yes(%) No(%) 

Married 69 31 
Single . 31 69 

x.l = 5.74 Sig= 0.01 

Managers and Uncertainty 
H7 states that managers of different levels have different preferences towards certainty and uncertainty. The 
research data indicates that most managers prefer certainty. But uncertainty is inescapable. The managing directors 
and general managers accept their roles about working in uncertain environments. 

T bl 11 P t a e : re erence t C t . t or er amly 
Uncertainty Certainty 

MD/GM 35% 65% 
Manager 13.6 86.4 
Executive 31.8 68.2 

X'' = 5.45 2 d. f. Sig= 0.06 
The X2 test does not show significant results, but the middle managers in particular prefer a higher level of certainty 
(86.4%), especially when compared with the higher level managers (65%). 

Race and Intuition 
The eighth hypothesis states that managers of different races experience different feelings in making an intuitive 
decision. 

T bl 12 R a e : aces an dF I' eemg 
Not Chosen Chosen 

Malay 71.4% 28.6% 
Chinese 92.5 7.5 
Indian 85 .7 14.3 

X'' = 6.37 Sig= 0.04 
The data indicates that the Chinese sample found it least nervous about using intuition. 92.5% of them do not feel 
"upset stomach" about using intuition. The Malay group appears most cautious about using · intuition. This 
hypothesis is supported. This probably lends some explanation for the Chinese penchant in gaming. 

Race and Decision Styles 
The hypothesis (H9) states that managers of different races use different decision styles. Table 13 shows that the 
Indian managers tend to evaluate several alternatives before making a decision, whereas the Chinese use the least. 
The Malays fall somewhere ·between the Chinese and the Indian groups. 

Table 13: Use of Several Alternatives 
Not Chosen Chosen 

Malay 71.4% 28.6% 
Chinese 80.0 20.0 
Indian 4.29 57.1 

xi= 6.93 Sig=0.03 
J:his supports the findings of the eighth hypothesis that the Chinese use intuition most, with Indians the least. 

Age and Decision Process 
Hypothesis 10 states that managers of different age groups use intuition at different stages of the decision process. 
Table 14 shows that the middle and oldest age groups use intuition at the end of the decision process, whereas for 
the lowest age group the experie_nce of intuition varies. The hypothesis is supported. 
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Table 14: Intuition Function Best 
A2e Be2innin2 End Varies 

25 - 34 30.8% 34.6% 34.6% 
35 -45 41.2 54.9 3.9 
45 & Above 28.6 57.1 14.3 

X'=l3.ll Sig= 0.008 
Hypothesis 11 states that managers of different age groups deal differeqtly with intuition. Table 15 shows that the 
oldest group tends to keep it a secret, whereas the young and middle groups tend to share it with friends and others . 

. This hypothesis is supported. 

T bl 15 K a e : I eepm2 ntmhon a s ecret 
A2e Keep Secret Share It 

25 - 34 24% 76% 
35 -45 22.2 77.8 
45 & Above 64.7 35.3 

X' = 11.68 Sig= 0.002 

CONCLUSIONS 
The study supports the idea that Malaysian managers use both analysis and intuition in decision making. Intuition 
becomes important when information is incomplete and the future is uncertain. 

The experience or use of intuition in decision making differs between men and women, across racial groups, age 
groups and managerial hierarchy. Women are proven to be more intuitive or use more intuition than men. The 
Chinese tend to use more intuition than the Malays and Indians. That probably explains the Chinese inclination 
towards entrepreneurship and risk taking. The younger age group and junior managers use more intuition than the 
older and senior management groups. 

The experience of intuition also comes at different times in the decision process to men and women and managers at 
different levels. Men tend to find the Eureka factor at the end of the decision process while women at the beginning 
(i.e. intuition). The top managers also tend to be more analytical rather than use intuition. The top management find 
it unnerving to use intuition. This could be because of the implications of their decisions, which may involve the 
whole organization and affect its long-term well being. 

After the use of intuition in decision making the older age group (which corresponds closely with the top 
management) would rather not admit that they use intuition. Thus they would keep it a secret. This could be because 
of the ego factor. The younger managers would share the experience with friends and colleagues. 

This research suggests that Malaysian managers do use intuition in their decision making. But its use varies among 
the age groups, racial groups and managerial levels. The implications of its usage is not studied. It would be an 
interesting subject for further research. · 

It should be pointed out that there are many limitations to this exploratory study. Among these limitations are: the 
test of reliability was not done, the sample was relatively small and the questionnaire was categorical " yes/no" 
rather than on a scale. Nevertheless, the study has provided some insight into how managers proceeded in their 
decision making process. 
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COUNTRYWISE DIFFERENCES IN 
CONTEMPORARY MANAGEMENT PERCEPTIONS 

Emin Ozkan, M.S. 
Fusun Ulengin, Prof. 

The purpose of this study is to examine and analyze quality management efforts in the world and in Turkey, 
benchmark them, and then propose some recommendations for the future 6f quality management efforts. 

Since 1980s, new paradigms for management emerged. A number of developments were brought -together and 
reconfigured into new approaches that may at first appear to be just a repackaging of old ideas. However, for the 
first time, top managers began to view quality positively as a competitive advantage, and to address it in their 
strategic planning processes, which focused on customer value (Steingraber, 1990). 

' With the liberalization and globalization movements, corporates started to face with intense competition. 
Competition was no longer constrained by national boundaries. Companies, seeking to Survive in the global 
market and gain a competitive edge, should accept quality as a basis in the industry. After that, quality 
management approaches should be implemented to institualize quality management as an organizational culture 
rather than a sideline activity. 

The driving forces of Quality Management are as follows: 

• Increasing economic liberalization in the world (globalization) 
• Challenges from domestic or foreign competitors 
• Increasing awareness of quality, and demand for better products/services aflower prices 
• A rising tide of multimillion-dollar product liability suits for defective products 
• Constant pressure from consumer advocates 
• Pressures from the government on several fronts, including closer policing of defects and products recalls 

Although interest in quality management approaches has risen in recent years, there are some drawbacks or 
misconceptions pulling back the quality movement and shadowing the success stories. These are as follows: 

• The quality management awareness is not on a wider scale 
• A limited number of companies, mainly large corporates are engaging in quality practices 
• Most companies want to start quality management programs, but they don't know how to implement 
• Some companies still regard quality management philosophies/approaches as quality management tool, 

more on operational level 
• Following the trends (temporary fashion) in the market 

As well as many other concepts in the history of management, quality has taken different forms along the way. 
Before 1970s, quality was perceived more as a set of technical means and methods of inspection that catch 
defects on products before they reach customers. This view started to change in the 1970s and 1980s, when 
managers started to recognize the strategic importance of quality. After 1980s, quality management approach 
has taken more a strategic direction, though contributions of previous quality gurus like Shewhart, Deming, 
Juran, and Ishikawa (Bounds et al. 1994, Swift 1995). 

Over the last few years, dramatic changes in the global market with the increasing competitive pressure brought 
the quality management to the attention of people. Rather than just focusing on basic statistical and quality 
management tools, corporates started to implement new quality management programs, and philosophies 
reaching from Statistical Process Control (SPC), and ISO 9000 to Total Quality Management (TQM) and 
Reengineering (BPR) in o.rder to challenge the new paradigms (Hammer 1993, Manganelli 1994). 

As seen in Figure 1., Quality Management tools and approaches are reaching from evolutionary to revolutionary 
ones in change (dimension), and from short to long period of change. 
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Figure 1. Quality Management Tools/ Approaches 
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Each country has its own unique way of applying the philosophies of quality management based on their own 
cultural and· socio-economic values. Some countries are good at or focus more on certain quality management 
tools or philosophies. For example, Japanese are good at quality circles and continuous improvement, 
Americans focus on radical/innovative approaches like BPR, and Europeans tend to mix and harmonize TQM 
and BPR. 

The applicability of quality management philosophies in any organization depends not only on the 
organizational culture but also the business environment/culture of the area they are in. In fact, the socio-cultural 
factors reveal the ways in which quality management can succeed and fail in different countries (Finn et.al 1994, 
Ghosh 1996, Hannam 1993, Harrington 1996, Hermel 1997, Hofstede 1983, Macedo-Soares et.al. 1996, 
Raymond et.al. 1998, Ruggieri et.al. 1998, Yoo 1998, Zeitz et.al. 1997, MBNQA 1998, EFQM 1998) 

In order to analyze and benchmark cultural differences in quality management efforts, six main criteria 
harmonized from European Quality Award (EFQM), Malcolm Baldrige National Quality Award (MBNQA) and 
Deming Prize (DP) will be used. These are Leadership/Management, Employees, Customers & Suppliers, 
Policy & Strategy, Organizations & Processes, and Business Results. 

1. Leadership/Management 
• In N. America (USA, Canada) leaders (managers) are the key drivers in quality management efforts. 
• In Europe, leaders (managers) have the role model in quality management efforts. 
• In Asia (Japan), leadership is mostly practiced by policy and administration rules. 
• In S. America (Brazil), leaders (managers) are the key/autocratic figure in quality management efforts. 
• Turkey has a moderate-level autocratic management style, whereas communication is considerably 

weak, and power distance is still large. 

2. Strategy/Policy 
• In N. America (USA, Canada) strategies are crafted more in systematic way. 
• In Europe, strategies are done more traditional way. 
• In Asia (Japan) are done more systematic way. 
• In S. America (Brazil) are crafted in less systematic way. 
• In Turkey, short-term strategies are in favour because of the business environment. There are 

weaknesses in communicating all strategies throughout the organization. 
3. Organizations/Processes 

• In N. America (USA, Canada), companies focus more on processes as well as organizational cultures. 
• In Europe, corporates focus more on organizational cultures. 
• In Asia (Japan), companies focus more on quality tools. 
• In S. America (Brazil), companies focus less on organizational cultures and processes. 
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• In Turkey, changes in organizational culture and organizations are at moderate level, yet not really long 
lasting and in depth. 

4. Employees 
• In N. America (USA, Canada), employee involvement and empowerment levels are high. 
• In Europe, employee involvement and empowerment levels are high. 
• In Asia (Japan), employee involvements are high 
• In S. America (Brazil), employee involvement and empowerment levels are low. 
• In Turkey, employee empowerment is still not at sufficient level, as well as new employee involvement 

programs, and performance appraisal/reward systems. 

5. Customers/Suppliers 
• In N. America (USA, Canada), customer satisfaction and supplier relations are at high levels. 
• In Europe, customer satisfaction and supplier relations are at high levels. 
• In Asia (Japan), customer satisfaction and supplier relations are at high levels . . 
• In S. America (Brazil), customer satisfaction and supplier relations are at low levels. 
• Very few of the companies in Turkey are integrating customer-related information into their planning 

and decision-making process. Customer and suplier relations are still not at sufficent level. 

6. Business Results 
• In N. America (USA, Canada), the results from quality and operation point of views are important. 
• In Europe, total business results are considered more important. 
• In Asia (Japan), effects of quality and operational results are considered more important. 
• In S. America (Brazil), operational results are more important. 
• In Turkey, operational and financial results are more important. 

It is clear that the compatibility of the organizational culture with new management philosophies is a 
prerequisite for successful transformation. However, the applicability of quality management philosophies in 
any organization depends on the organizational culture they are in. And it is heavily influenced by the 
business/cultural climate in the country, and also by the global business climate. The prior existence of some 
quality-of-working-life culture with a minimum of relevant participative features is one of the main reasons for 
easier change compared to the other countries. 

Generally, the U.S., Canada, and most of the western countries are culturally more prepared for smoother 
transition in change efforts than other countries. Turkey, at the crossroads of eastern and western cultures, has 
both the characteristics developing/emerging countries and developed countries. Though traditional managerial 
paradigms have not been completely discarded, Turkish companies started to move into quality management 
philosophies such as TQM to gain competitive edge, and have realized the strategic importance of quality 
management. By doing so, global principles are applied successfully to specific contexts for organizations in 
Turkey. 

Some factors affecting the success of quality management are: 
• Management commitment, especially middle-level management 
• Cross-functional cooperation 
• Open communication channels 

Sources of difficulties in the area of coping with the resistance to change are: 
• Lack of staff involvement 
• Time p~essure and unclear objectives 
• Time taken away from other tasks 
• Weak communication channels 

Recommendations 

• Leaders support powerful members, employee involvement and company-wide decision making. 
• Management should strongly commit to the quality management practices by leading the change 

management process. 
• Long-term strategies and policies should be formulated, and communicated throughout the organization. 
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• Organizations and processes should be restructured. Organizational culture helps shaping ·up the 
organizational structure and process management. 

• People power should be used in full extent. The new leadership supports employee involvement and 
empowerment. 

• Customers and suppliers should be involved in the change management. Companies should develop their 
strategic frameworks based on customers and suppliers. 

• Resources should be used effectively for better business results. 

Conclusion 

The combination oT strategic planning and quality management approaches based on modem information 
technology will be a powerful synergy for enhancing organizational competitiveness in the new millennium. To 
attain the highest benefit, these efforts must be implemented and managed in the best interests of customers, and 
the organizations. No matter what management approach will be implemented, the compatibility of the current 
organizational culture with new management philosophies would determine the success of program and 
organizational transformati.on. 

A further study should be done to determine the organizational parameters, such as organizational flexibility, 
openness, learning curve, etc. that has a direct effect on change management. This will help to explore the 
hidden parts of organizational dynamics in adopting new change management philosophies. 

Reference 

Bounds, G., Yorks, L., Adams, M. and Ranney, G., 1994. Beyond Total Quality Management Toward the 
Emerging Paradigm, McGraw-Hill Inc., New York. · 

Finn, M. and Porter, L.J., 1994. TQM Self-Assessment in the UK, The TQM Magazine, 6, 56-61. 

Ghosh, B.C. and Hua, W.H., 1996. TQM in practice: a survey of Singapore's manufacturing companies on 
their TQM practices and objectives, The TQM Magazine, 8, 52-54. 

Hammer, M. and Champy, J., 1993. Reengineering the Corporation: A Manifesto for Business Revolution, 
Harper Collins, New York. 

Hannam, R.·G., 1993. Kaizen for Europe, Information Press Ltd., Oxford, UK. 

Harrington, H.J., 1996. National traits in TQM principles and practices, The TQM Magazine, 8, 49-54. 

Hermel, P., 1997. The new faces of Total Quality in Europe and the US, Total Quality Management, 8, 131-
. 143. 

Hofstede, G., 1983. The Cultural Relativity of Organizational Practices and Theories, Journal of International 
Business Studies, Fall, 78-90. 

Macedo-Soares, T.D.L.v.A. and Lucas, D.C., 1996. Key quality management practices of leading firms in 
Brazil: findings of a pilot-study, The Total Quality Management Magazine, 8, 55-70. 

Manganelli, R.L. and Klein, M.M., 1994. The Reengineering Handbook: A Step-by-Step Guide to Business 
Transformation, AMACOM, NY. 

Raymond, L., Bergeron, F. and Rivard, S., 1998. Determinants of Business Process Reengineering Success in 
Small and Large Enterprises: An Empirical Study in the Canadian Context, Journal of Small 
Business Management, 36, 72-85. 

Ruggieri, A. and Merli, R., 1998. Critical factors for the implementation of total quality management in Italy: 
An empirical analysis, Total Quality Management, 9, 210-214. 

Steingraber, F.S, 1990. Total Quality Management, Institutional Investor CEO Roundtable, Naples, FL, 
January 19. 

Swift, J.A., 1995. Introduction to Modem Statistical Quality Control Management, St.Lucie Press., Delray 
Beach, FL. 

The American Society for Quality Control-MBNQA, 1998. The Malcolm Baldrige Quality Award-Award 
Criteria 1998, National Institute of Standards and Technology, US Department of Commerce, 
Gaithersburg~ MD, USA. 

214 Proceedings of the IEMS 2000 Conference 



The European Foundation for Quality Management, 1998. Total Quality Management, the European Model 
for self-appraisal: Guidelines for identifying and addressing total quality issues, Eindhoven, NL 
http://www.efqm.org/model.htm 

Yoo, H., 1998. An evaluation of total quality management activities in Korean companies, Total Quality 
Management, 9, 487-489. 

Zeitz, G., Johannesson, R. and Ritchie Jr., J.E., 1997. An Employee Survey Measuring Total Quality 
Management Practices and Culture: Development and Validation, Group & Organization 
Management, Thousands Oaks, 22, 414-444. 

215 Proceedings of the IEMS 2000 Conference 



THE INDUSTRIAL DEVELOPMENT AGENCY (IDA): THE ENGINE THAT 
DRIVES IRISH INDUSTRIAL POLICY AND THE CELTIC TIGER 

By 

Paul F. Tully, Ph.D. 
California State University, Sacramento 

ABSTRACT 

The Industrial Development Agency's (IDA) role in formulating and implementing Irish national industrial policy is 
reviewed. Since its establishment in the late 1960s, IDA has targeted pharmaceuticals and technology as the 
principal industries upon which to build Irish economic development. The success of IDA's approach is illustrated 
by an examination of improvements in Gross Domestic Product (GDP), growth rates, employment, the increasing 
number of multinational firms operating in Ireland, and future projections for the Irish economy 

HISTORICAL BACKGROUND 

For almost 800 years Britain ruled Ireland and dominated every facet of its social, political, and economic life. 
When Ireland gained its independence in 1921, it was only natural that she would withdraw into herself both 
politically and economically. This trend was exacerbated by an unfortunate civil that immediately followed 
independence. The war between the Republicans and the Free Staters ~as over whether the agreement signed with 
Britain was appropriate. This was followed by a decade long policy vacuum that lasted until Eamon de Valera came 
to office as head of state in 1932. He remained in office into the 1950s, and then continued his involvement in 
government matters for many years beyond that. Unfortunately, de Valera was a fatalistic socialist that immediately 
steered the economy on a course of protectionism and isolationism (15). The country isolated itself from trade with 
foreign nations and actively raised barriers to exclude efficient non-Irish firms while subsidizing its own, fledgling, 
inefficient, and noncompetitive industries. The low point was reached in the 1950s when emigration skyrocketed, 
population fell below 2.9 million citizens, per capital Gross Domestic Product (GDP) plummeted to half of Britain's, 
and growth in per capita income throughout the decade averaged 2.2 percent which was less than half the average 
for other Western European countries ( 15). This dismal economic performance had to be reversed and a new course 
of action initiated, but at that time no vehicle existed to accomplish the requisite turnaround. The Irish people were 
unhappy with the situation and exerted heavy pressure on the government to rectify the state of the economy. 

INDUSTRIAL DEVELOPMENT AGENCY 

The Genesis 

In 1958 the Irish government adopted the Programme for Economic Development to correct the dismal economic 
conditions then existing in the country. The key factor was to drop protectionism and open up the Irish economy to 
foreign capital and know-how. Unfortunately, the early companies that this program attracted were primarily drawn 
from low-tech industries like textiles which came to Ireland because of the cheap labor and the tax concessions and 
incentives the government offered. These companies never grew because they could not compete with plants in 
other countries with lower wages ( 15). Today these firms have all faded from the Irish economic scene, and they 
have been replaced by others that are oriented toward more advanced technologies. Thus, in the late 1960s, the 
government established the Industrial Development Agency to attract these higher technology industries to Ireland, 
and named Kieran McGowan, who ran the agency until his retirement in 1998, as its first head ( 15). 

The IDA Strategy 

Ireland's industrial policy has been focused on and more preoccupied with getting multinationals, particularly U.S. 
multinationals, to establish a base in Ireland (7). The Celtic Tiger appears to be based primarily on the multinational 
corporation (MNC) manufacturing sector (20). In fact, most of the success oflreland's economy appears due to a 
small number of growth sectors all dominated by multinationals (8) of U.S. origin that were mentioned earlier. The 
greatest portion of Ireland's impressive economic growth performance has been due to the growth of exports, and 
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more than half of these merchandise exports originate in five high-tech sectors: computers, computer software, . 
chemicals, pharmaceuticals, and soft-drink concentrates (14). Indigenous manufacturing firms have been able to 
grow by becoming suppliers to these MNCs (14). 

The IDA plan was extremely simple and it became the basis for Irish industrial policy from the late 1960s until 
1998. The IDA targeted pharmaceuticals and technology as the two areas to spawn Irish economic growth. As 
Kieran McGowan, the head of the IDA put it "we were looking around aMndustries that were growing and also 
wanted what we had, which at that time was low taxes, or no taxes, and a location in Europe" (15). In the 
pharmaceutical area Pfizer built a plant in the Cork area to be quickly followed by Johnson and Johnson, Smith
Kline Beecham, and many others. Digital Equipment was the first computer company to locate in Ireland followed 
by.Microsoft, Intel, and Xerox among others (15). From that point on, they came in ever increasing numbers. 

The IDA has been pleased with the success it has had in. attracting health care and pharmaceutical firms to relocate 
in Ireland. The agency feels that it has been right to focus its efforts on winning technology projects because these 
have shown the steadiest and most consistent growth historically and are key factors driving the economy; however, 
IDA does recognize that these types of firms are subject to volatility. IDA plans to continue concentrating on health 
care and pharmaceutical projects, but will also now place a large amount of its efforts at winning information 
technology (IT) pr:ojects. IDA is also focusing on convincing companies to add other operations such as design, 
software, and research and development to existing operations in order to deepen their commitment and root them 
firmly in Ireland ( 18). This is an excellent strategy because it moves towards higher skilled jobs as opposed to the 
earlier Irish efforts that focused on simple assembly or manufacturing jobs that could be much more easily moved to 
cheaper labor cost countries. 

This overall strategy appears to have been quite successful. At least 60 percent of Irish economic growth has been 
attributed to science and technology. In the period from 1987 to 1997, total employment in Ireland in manufacturing 
and services increased by only 22 percent, but in the targeted areas it improved by 85 percent in pharmaceutical, by 
78 percent in electronics, and by an astounding 250 percent in software (21). IDNs success is no accident. It is the 
result of careful planning, intensive recruitment of foreign firms, and very thorough implementation efforts. This 
has led to an unparalleled growth in the Irish economy in its competition with other EU nations. Ireland currently 
· wins 30 to 40 percent of Greenfield investment in manufacturing sites by U.S. firms moving into the European 
Union (EU) despite accounting for only 1 percent of the EU,s population. IDA has had an office in the Silicon 
Valley for over 20 years to conduct a thorough process of sifting, analyzing, and targeting specific companies. This 
process of wooing a company averages approximately three years to bear fruit. Its traditional target has been young, 
successful, high technology companies (9). The approach has been so successful with the California effort that the 
Irish government is opening a New Enterprise-Ireland office in Boston,s high technology suburbs around Route 128 
to accomplish the game goal. 

Government Grants 

The Irish government has used government grants very effectively as an enticement to draw multinational 
corporations into investment and relocation in Ireland. In 1997, the IDA paid out 134 million Irish punt to support 
243 different projects. This may appear high, but in actuality the cost to sustain each job from 1987 to 1997 has 
dropped substantially. For example, the costs and associated years for a representative sample are as follows : 1987: 
32,419Irishpunt; 1992: 19,517Irishpunt, 1996: ll,850Irishpunt;and 1997: ll,714Irishpunt(ll). The net 
result in 1997 was the creation of 15,170 new jobs resulting from IDA efforts (19), and over 8,000 of these new 
positions were in the critical information technology sector (19). 

IDA has established a structure that controls the payout of grants to multinationals that is .designed to provide job 
security to the workforce after a firm has begun operations in Ireland. For example, Fruit of the Loom entered into 
three grant-aid contracts with IDA oyer a 10-year period. In September of 1998, the company decided to shift 770 
low-technology t-shirt production jobs to Morocco because of lower labor rates. When this was announced, the Irish 
government countered with an announcement that Fruit of the Loom would owe IDA Ireland between 6 to 10 
million Irish punt to compensate for prior grant-aid payments. Meetings were held and a compromise was reach 
under which the company would pay IDA 5 million Irish punt by January 1999 and hand over its disused factories to 
the agency. In addition, the Irish government will waive up to another 5 million Irish punt, depending on the value 
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of the factories, in return for a short-term guarantee of another 1,300 jobs remaining in Ireland. If these additional 
1,300 jobs are cut, then Fruit of the Loom will owe IDA up to 12 million Irish punt more (2). 

Irish Infrastructure and Public Policy 

Grants are not the only inducement that IDA has to offer foreign companies considering relocation to Ireland. The 
IDA Chief, Kieran McGowan, points out that this rapid growth that Ireland experienced has been accompanied by 
new demands from the multinational corporations involved that pressure the Irish government for an unrelenting 

. commitment to the on-going development of a world-class industrial infrastructure within Ireland to ensure the 
sustained competitiveness of business. that relocated to Ireland ( 11 ). Xerox, for example, said that one of the 
fundamental considerations in its choice of Ireland was the ''political and social climate, particularly whether the 
government had a positive attitude toward the business community" (26). That attitudes seems to have been well 
established with IDA policy, actions, and aid-grants. 

Ireland's highway system was among the most antiquated in Western Europe. In fact, the-Republic was the only 
nation in Northern Europe that did not possess a national motorway network. This has cost Ireland some jobs, 
particularly outside of the major cities. The roads are improving, but still not equal to the quality of the other 
nations against which Ireland competes for relocating multinationals ( 11 ). Much of this improvement is attributable 
to Ireland's entry into the European Union (EU) in 1973, and the subsequent funds received from the EU for the 
creation of a modern commercial infrastructure. Ireland's receipts have averaged 2 percent to 4 percent of GDP 
annually, and much of that money has gone into roads (15). The progress that has been made since my first visit to 
Ireland in 1984 has been truly remarkable, but even more needs to be d~ne if IDA is to be successful in its plans to 
expand the location of multinationals outside of the environs of Dublin and other large cities. 

Another allure for U.S. companies is the Irish educational system, and the fact that English is the spoken and written 
language of Ireland. In the 1960s, Ireland had one of the poorest educational systems in Europe. From 1922 to 
1970 the country invested little in education compared to the rest of Europe. Since then however, the Irish 
government has made major investments in education, including the establishment of nine ·regional technical 
colleges. The world renown Waterford Crystal Limited is working with one of these. The company has joined 
forces with the Waterford Institute of Technology (WIT) to create and pay the fees for a program that brings new 
technical skills and self-development opportunities to its shop floor workers. The purpose of the program is to 
create a versatile and multi-skilled workforce, and to retain skilled manual workers to help them adapt to workplace 
technological change. Nearly 300 of Waterford's 1,500 employees are currently enrolled at WIT, and another 800 
crystal workers have already been awarded completion certificates by WIT (14). The students entering the work 
force over the past few years are the end result of the reformed educational system (15). Ireland is now considered 
to have one of the finest educational systems in Europe. 

State-of-the-art communications has also been a great selling point for IDA efforts to lure multinationals to Ireland. 
Over approximately the past decade, Ireland has invested $3.5 billion to create one of the most advanced 
telecommunications networks in Europe. This factor was essential in Xerox's decision to locate in the Republic 
since the company relies heavily on integrated computer systems to centralize its customer support and back office 
operations (26). Of course this type of communications capability is essential to any multinational that has to 
integrate the efforts of geographically dispersed facilities operating in countries around the globe. 

The final factor, especially in Xerox's case, was Ireland's comparatively how tax rates (26). The head of IDA cites 
Ireland's low tax regime as one of its most important and critical competitive factors ( 19). This aspect particularly 
has come under German and French fire because it is only a 10 percent corporate tax rate for manufacturing 
companies (5). This very low tax rate has been guaranteed by the Irish government at least until 2010 (22). The 
British decided to raise the issue under the principle of tax harmonization and that caused the German and French 
governments to pull back to avoid a confrontation (5). The Irish also weighed in on the issue citing the European 
Commission statement"that a state cannot be forced to raise it taxes just because others have higher rates." The 
essence of the Irish defense is that legitimate differences in tax rates is quite different than deliberately distorting 
competition by imposing different tax rates on different sectors of the economy or extending unwarranted tax 
concessions (5). 
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IDA Results 

The transformation of the Irish economy has been remarkable. Ireland's economic growth has been phenomenal. 
Real GDP was up by 5.8 percent in 1994, 9.5 percent in 1995, 7.7 percent in 1996, 10.7 percent in 1997, 8.9 percent 
in 1998, and was estimated at 7.5 percent for 1999 (15). All of this due to IDA policy and efforts. Ireland in the 
1990s was the most dynamic, successful, and fastest growing nation in Europe. Total output grew at a rate of 8.5 
percent from 1994 through 1998. This was three times the European average and almost three times as fast as GDP 
has risen in the U.S. In fact, in 1997 the Irish living standard surpassed that of Britain (15). The Irish economy has 
. emerged at the center of the European economic scene since the late 1980s after centuries of underdevelopment and 
a tradition of emigration by a population that was underemployed at home. Ireland today has been tagged the Celtic 
Tiger to draw attention to the similarity between Ireland's rate of Gross Domestic Product (GDP) growth and those 
of several Asian nations in the early 1990s (17). The term Celtic Tiger is based on the premise that Ireland has been 
a~ underdeveloped country which is now moving into the group of developed nations (8). 

Whatever the specific reason underlying Ireland's success, there is no arguing that it is real. The International 
Institute of Management Development, a Swiss-based economic think tank, uses 259 criteria to rank 46 
industrialized nations on competitiveness. These criteria include the domestic economy, internationalization, 
government, finance, infrastructure, management science and technology, and people. The criteria are utilized to 
construct a table highlighting which countrfo's are best at providing conditions for businesses to be competitive. In 
1998, Ireland was ranked 11 th in the table of the world's most competitive economies ahead of both Britain and 
Japan. This supports the 1997 Irish Central Statistics Office (CSO) statement that Ireland was the fastest growing 
economy in the developed world with a 6.9 percent rise in Gross National Product (GNP) in 1996 following 7.8 
percent and 8.8 percent increases in 1994 and 1995. The CSO stated that these figures confirmed Ireland's place as 
the fastest growing economy of the 29 developed nations in the Organization for Economic Cooperation and 
Development. Other indications of Ireland's significant economic growth are falling unemployment, shortages in 
some occupations, rising employment of Irish university graduates in Irish businesses, and efforts to induce 
immigration of foreign workers to fill existing vacancies. In fact, Ireland, which has been an exporter of its people 
for several centuries, has recently become an importer. There was a net immigration in each year from 1996 through 
1998, including a record 22,800 immigrants in 1998 (15). Though not large by U.S. standards, this represents a 

. significant influx of new workers for Ireland, and a definite change in the historical pattern. 

The Future 

The economy is expected to continue to grow rapidly over the next decade, with a shrinking, but increasingly highly 
educated workforce (16). In fact, mainstream forecasters see the real GDP growth in the next decade as continuing 
in the 5 percent to 6 percent range ( 15). The Central Statistics Office has similar expectations and forecasts that the 
economy has the potential to grow at a 5 percent rate in the first half and a 4 percent rate in the second half of the 
next decade even with virtually full employment (13). The IDA, after five record-breaking years of job creation, is 
refoeusing .. it activities on job creation outside of the Dublin and eastern areas (12). There is also some concern that 
employment growth will slow because of the economy approaching full employment and the trend in.demographics 
turning less favorable (13). 

The IDA has been asked to reassess its existing business and industrial policies in order to prepare the Republic for 
the 21 st Century. The nation must ensure that its industrial policy is ready to meet the challenges of the millennium, 
and that it develops and refines the vision of where it should be heading (10). Unless this is done, today's 
technologies and skilled jobs will become outdated, and skill shortages and wage pressures will take their toll. IDA 
will need to design _an entirely new industrial program to upgrade skills because half of ID A's current business is 
already office-based work and the progression will be more and more toward services (27.). To continue the success 
of the Celtic Tigers, IDA must correctly predict the future of all the major industries, reform and retrain the agency's 
executives, and develop and deliver an acceptable major industrial policy shift (27). Without that, today's 
technologies and skilled jobs will surely become antiquated, and increasing skill shortages auµ wage pressures be 
the order of the day (27). Irish policy makers need to persist with the formula that has brought success (23), only 
adjust it where necessary. 

One of the cutting edge technology areas that Ireland has been developing an indigenous capability in has been 
Information Technoiogy and software. It appears that Ireland does not need to concern itself about losing its 
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software industry. Companies specializing in software and Internet services have been starting up in increasing 
number in recent years. This has been the result of a combination of factors like: Ireland's focus on technical 
education; the rise in globalization and the international mobility of multinationals; the presence of so many 
technology-oriented American firms in Ireland, and last, but certainly not least, money supplied by the Irish 
government (15). Irish companies have become a major component in the global software industry, and they should 
only increase in the future. 

CONCLUSION 

IDA has truly been the engine that has driven Irish· economic growth and it is largely responsible for the success of 
the Celtic Tiger. The agency's foresight, planning, and implementation of its blueprint for Ireland's economic 
development have been an example that other economically emerging nations would do well to emulate. IDA chose 
industries where they believed Ireland possessed a competitive advantage, focused on them, and then cultivated 
leaders in those industries to relocate to Ireland. They wisely sought industries where their advantages and 
distinctive competencies could .not be quickly duplicated by other countries nor easily eroded by time. IDA has 
done a remarkable job and has served the Irish people well. Much of this success can be' credited to the continuity 
and stability that the agency had over the 30 years ofKieran McGowan tenure has head of the Industrial 
Development Agency. 
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CORPORATE CULTURE AND SAFETY MANAGEMENT IN INTERNATIONAL 
AVIATION ORGANIZATIONS 

Dr. Willem Homan, College of Aviation, Western Michigan University, willem.homan@wmich.edu 

ABSTRACT 

This presentation will identify management characteristics that influence safety performance within global aviation 
organizations. The general view of Corporate Management on safety is presented and the integration of a Safety 
Culture into the overall Corporate Culture is discussed. More specifically, the presentation focuses on safety and 
human nature, safety and the purpose of the firm, and the concept of a Total Safety Culture in international 
aeronautical business organizations. In addition, this research looks at safety problems associated with mergers and 
acquisitions in the industry and the effectiveness of safety officers within international aviation organizations. 

INTRODUCTION 

With the increase in air traffic that is expec~ed in the foreseeable future, the only way to keep the accident rate down 
is to concentrate· on increasing safety standards. We will discuss the essential points that aviation managers need to 
consider when implementing a new or enhancing an existing safety culture in an international aviation organization. 
Of course, the question is how do aviation managers achieve ultimate safety in an error-prone environment? We will 
first look at safety at the personal level and follow up with an organizational approach to achieving ultimate safety. 
Challenges in the areas of personal psychology, Corporate Culture, globalization, and organizationai change, will be 
addressed, along with recommendations to assist senior management in reaching the target of zero accidents at all 
levels. 

THE HUMAN CONDITION AND BEHAVIOR-BASED SAFETY 

One of the key problems that continue to be reported in National Transportation Safety Board (NTSB) findings 
involves "work environment conducive to error." We all recognize a dangerous environment when we see one, but 
how do we deal with it? Or to put it another way; how do we achieve ultimate safety in an error-prone environment? 
The answer may lie in the emphasis on safety at all levels, making sure the concept permeates the entire 
organization from the boardroom to the hangar floor. This challenging task is definitely not easily accomplished. 
First, research indicates a natural tendency for employees to rely on quick and easy shortcuts to accomplish tasks in 
the workplace. As a result, we fight a constant battle between hum_an nature and common sense. Defensive 
mechanisms have been developed to help employees cope with this urge to take chances and to do things their own 
way instead of using safety-centered operating procedures. More on the job training comes to mind. Reducing peer 
pressure to take risks is another. However, attempting to control safety problems at the individual level is only part 
of the solution. A more organizational approach is necessary to achieve ultimate safety. 

The behavior-based app'roach to safety focuses on the observable actions of employees and the organizational setting 
that influence these actions. This safety theory seems quite suitable since 80% of all aviation related accidents result 
from human error. The method focuses on both personal on-the-job behaviors as well as on the organizational 
setting that supports these behaviors. No initial blame is assigned, and errors are viewed in the context of a 
comprehensive analysis (Geller, 1996). This is very different from the more traditional way of handling safety 
mishaps, where investigations by corporate or airline management resulted from the start in assigning blame to 
employees or conditions. The behavior-based safety approach is proactive and preventive in nature. It is a process of 
identifying problems and gathering and analyzing data to improve conditions in the workplace. Removing barriers to 
communication and providing feedback is critical in this process. Ultimately, the goal is to establish a continued 
level of awareness, leading to a tota_l safety culture that will permeate the organization. 

MANAGING THE RESOURCES 

Crew Resource Management (CRM) has traditionally been defined as the effective use of all available resources. 
The concept was designed to reduce human factor-related accidents and to improve the human-machine interface by 
enhancing teamwork, decision making and situational awareness on the flight deck (Cooper, White & Lauber, 
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1980). Over the years the evolving field of C_RM has widened its focus from flight crews to cabin crews to 
maintenance technicians. CRM currently involves specialized training for most types of aviation personnel, which 
includes dispatchers (Dispatch Resource Management) and maintenance personnel (Maintenance Resource 
Management). 

Along the way, CRM training became synonymous with the creation of a more friendly work environment. The 
main objective of reducing potentially fatal errors was often overlooked. Recently, aviation psychologists redefined 
CRM as a critical form of Error Management. This perspective presupposes that human errors are inevitable, but as 
long as the resulting situation is managed properly, safety can be maintained. Helmreich (1996) identified three 
ways to control and minimize human errors. First, there is the total avoidance of error through proper training. Next, 
the "trapping of errors" or eliminating the mistakes is identified. Finally, there is the mitigation of.errors or 
controlling the consequences of the errors that have been made. Clearly, this three-step process ofrisk management 
is an excellent approach to achieve ultimate safety. The increased perception and the associated attitude change 
should be part of that process. Clearly, managing the resources has become an accepted and effective way to 
increase safety in aviation organizations. 

CORPORATE CULTURE 

For most ofus, the term Corporate Culture hints at an elusive concept to be understood only by organizational 
behaviorists. When we rephrase this term to "the way we do things around here," then it makes sense. It is basically 
about social behavior in the workplace. Merritt and Helmreich (1996) identified two important and distinct 
components of Corporate Culture. On the surface, there are the recognizable visible elements of behavior, such as 
dress codes and layout of the shop floor. Then there is the deeper struGture, consisting of the values and beliefs that 

. control the personal behavior of the workforce. Those of us who have worked at different airlines and corporations 
know how distinctly different things are when we move from one organization to another. 

Within the corporate structure, management's assumptions form the foundation of the company's culture. These 
assumptions reveal management's values or standards about how they do business. and how they expect their 
employees to conduct themselves. Through management's actions, Corporate Culture has a direct influence on the 
work environment. Furthermore, a company maintains its values and beliefs by rewarding the employees who 
comply. Behavioral science tells us _that actions that are rewarded will be repeated; as they are rewarded and 
repeated, they become unconscious. At this point, rewarded behavior becomes part of the Corporate Culture 
(Erickson, 1997). 

Corporate Cultures are difficult to change, and modifying them is a real challenge. A crisis is often necessary to 
produce major change in the behavior of employees. Mergers and buy~outs tend to have that effect, because they 
rock the foundation of the enterprise and affect every employee. One only has to go back a few years and look at the 
Corporate Culture that existed at Eastern Airlines before, during, and after bankruptcy to realize that the company 
was on a collision course. Many experts believe that the destruction of Eastem's culture led to the ultimate demise 
of the airline. In the end, it's the employees' perception of management's values and actions that shapes Corporate 
Culture. Change can come only through employees adjusting their attitudes and beliefs about the company. 

SAFETY CULTURE 

Meshkati ( 1997) describes a Safety Culture as a system composed of behaviors, practices, policies, and structural 
components that emphasize Safety in an organization. The two general components of Safety Culture are "the 
necessary framework within an organization and the attitude of the staff at all different levels in responding to and 
benefiting from the framework." For a Safety Culture to be effective it is therefore essential for employees to have a 
questioning attitude and to be able to discuss Safety issues freely with other members of the organization. Within 
any company the organizational culture determines the perception of safety, the relative importance placed on 
s'afety, and the members' activities regarding safety (Merritt&_ Helmreich, 1996). 

Implementing a Safety Culture is a lengthy process, but senior management can take important steps to successfully 
achieve this goal. The process includes highly visible internal activities promoting the safety concept through_out the 
company and requires continuous commitment by senior management. It's a proactive process and there should be 
no exceptions. Otherwise, employee trust is violated. The key elements in establishing a Safety Culture include 
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appointing safety officers to oversee specific operations, gathering and analyzing data on safety issues, mandatipg . 
trainjng to reinforce safety behavior, and establishing a non-threatening system for incident reporting. Also, open 
communication and feedback between personnel and management is critical to this proactive process. Furthermore, 
organizational practices determine the attitudes and trust that individuals have in working for an organization. These 
attitudes toward senior management undoubtedly have an influence upon the way employees perceive the 
importance the organization places on safety. In the end, only when the perceptions of corporate management match 
the perceptions of the workforce can the employees commit to the new way of "doing things" and a Safety Culture 
be established. 

SENIOR MANAGEMENT RESPONSIBILITIES 

There is a general assumption among safety experts that incidents and accidents in the workplace .are primarily a 
result of questionable decision making by high-level managers (McSween, 1995). The main goal of senior 
management at an aviation enterprise is to produce a product (e.g., aircraft production) or provide a service (e.g., 
airline operations) and do so in the most profitable way possible to increase the wealth of the shareholders. 
Management also has the obligation to do this with the highest degree of safety. There may be circumstances, 
though, where, at least in the short term, a conflict of interest exists between production and safety. Reason ( 1990) 
identified two perceptional factors that show why this occurs: 

1. Certainty of outcome: Resources directed at improving production (service) have certain outcomes. Those aimed 
at enhancing safety do not. 
2. Nature offeedback: Feedback generated by the pursuit of production (service) is rapid, clear, and compelling. 
That which is associated with the pursuit of safety is largely negative, intermittent, and only compelling after a 
major accident or string of incidents. · 

As a result, management often focuses on production ( or service), assuming that safety will take care of itself. The 
fact that very few unsafe acts actually result in damage or injury supports this line of thinking. What follows is that 
in highly safeguarded work environments, like aircraft cockpits or aviation maintenance hangars, complacency may 
set in among the workers. In cases like these, it would actually take an unusual chain of events for a situation to 
develop into something disastrous. This is often referred to as the error-chain (Reason, 1990). For example, one of 
the most common accident scenarios involves the deliberate disabling of engineered safety features by operators in 
pursuit of what, at the time, seems a perfectly sensible goal (disengaging an auto-pilot to expedite an approach). On 
other occasions, safety is compromised because the operators have an erroneous perception of the situation. With 
pilots, this may lead to situational awareness problems. In the case of mechanics, the result may be the installation of 
the wrong aircraft part. This makes the pursuit of safety in any organization a continuous challenge. 

It is easy for safety-experts to blame senior level management for problems with safety. Why does this occur? Why 
is there often the perceived lack of safety awareness on the part of management? The answer may lie in the way 
managers are educated and trained (Erickson, 1997). Senior managers tend to be graduates of business schools 
where programs focus on Finance, Marketing, Operations, and Production. In these programs, little, if any, attention 
is given to the management of safety. Furthermore, MBAs at major firms receive corporate training only about the 

· company's product line and services. How to conduct business in a safe and secure fashion is only incidental to their 
business activities. Moreover, management often perceives safety as a cost to doing business, a cost that interferes 
with the short-term goals of the company (Homan, et al. 1998). In the end, the safety management task is left to the 
Safety Officer. This person is often the only one in the firm with any formal training in the field of safety. 
Depending on his or her authority level within the organization, safety issues and suggestions may or may not be 
taken seriously. Finally, even when companies have high-ranking safety officials, how well do they understand the 
specific issues surrounding aviation safety? As a result, these barriers and issues concerning safety in the different 
areas of the aviation organization often result in only limited acceptance and participation by corporate managers. 

MERGERS AND ACQUISITIONS 

The most spectacular growth in a company's total assets occurs when a merger or take-over of another company 
takes place. The primary motivation for mergers and acquisitions in aviation is to increase the economic 
performance of the combined business entities. When two aviation organizations merge and the combined value 
exceeds that of each individual business, then synergy is said to exist, and such a merger supposedly benefits all 
shareholders. Whether these corporate or airline mergers strengthen or weaken the aviation organization is often 
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debated (Freivalds, 1998). Merging different Corporate Cultures through reorganization has generally been very 
costly for companies. The creation and the subsequent destruction of the Texas Air Corporation under Frank 
Lorenzo in the late 80s revealed what can happen when cultures clash. Unless there is a high level of compatibility, 
the process will result in Corporate Culture shock (Homan, et al. 1998). 

When it comes to safety culture mergers and acquisitions can be a real challenge. The typical response is for 
management of the acquiring company to impose the values and practices of the parent culture on all the members 
of the new organization. A more sensitive approach is to recognize the benefits and costs of each safety culture and 
conduct safety training that incorporated the best of both cultures. Then there are the international mergers and 
acquisitions where integration between corporate cultures becomes even more challenging. We can assume that as a 
concept Safety within organizations is universal. However, different nationalities have different ways of doing 
things. Geert Hofstede's seminal research work on national culture illustrates this. His research was conducted in 
fifty countries in the late 1960's and 70's with employees of a multi-national company (Hofstede, 1980). 

One of the dimensions in Hofstede's work is Uncertainty Avoidance (UA), a concept critical in the evaluation and 
perception of safety. High UA cultures (Germany) are characterized by a strong preference for rules and set routines. 
Low UA cultures (Mexico) tend to have a strong preference toward individualism and flexibtlity. For example, 
managers in high Uncertainty Avoidance cultures may be precise in adherence to Standard Operating Procedures 
(SOP), including use of checklists, but may be more stressed by ambiguous and unexpected situations leading to 
hasty, and perhaps less evaluated, decisions. On the other hand, managers from low UA cultures may be more 
flexible in their approach to abnormal or unexpected situations, but may be more lax and complacent .in adhering to 
SOPs and, hence, more likely to lose situation awareness and to allow dangerous situations to develop. In the 
Hofstede study, UA proved to be one of the strongest discriminators a_cross countries. These results demonstrate the 
stability of national culture, and its pervasive influence upon our work environment. Therefore, when two 

· international aviation organizations merge both the corporate and national culture differences need to be resolved 
before the new organization can become successful. Accepting national culture as an important influence upon the 
work environment, the challenge is to develop a model of Safety training that stresses the universal need for 
effective use of all resources, informed decision making, and optimal workload management. 

TOTAL SAFETY CULTURE 

According to Erickson (1997), the successful implementation of a Total Safety Culture in an organization requires 
attention to positive employee setting. This unusual term refers to the manner in which management treats employee 
responses. The following seven conditions will have an important effect on establishing and maintaining a positive 
Safety Culture: 

1. Work Environment: Management's promotion of a clean, secure work environment will have a positive 
influence on the job-related behavior of the employees. Such an environment is an indication of management's 
concern for the organizational environment and will enhance the perception of a Safety Culture. 

2. Management Actions: Here, too, actions speak louder than words. When management goes out of its way to 
address safety problems, employees take notice. Also, when management solicits advice on safety-related issues 
from the different areas within the aviation organization, safety performance increases. Giving employees some 
control over their work environment has a positive effect on the overall Safety Culture. 

3. Communication and Feedback: Clear and open communication is very important to safety in the workplace. The 
key is honest communication from senior management. If words are not followed by appropriate actions, an 
atmosphere of distrust may develop. When senior management provides positive feedback in response to 
suggestions and new ideas from the different departments within the aviation organization, the employees will 
have a better attitude toward their job and will sense that they have control over their own destiny. This will 
create a feeling of being part of the organization and will result in the enhancement of the Safety Culture. 
Conversely, if management does not encourage or acknowledge suggestions and new ideas employees will 
develop an attitude of"they don't listen to us anyway" and will feel no commitment to the aviation company. 
Clearly, this would affect the overall Safety Culture of the organization. 
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4. Treatment of Employees: When employees are treated with respect and are taken seriously when raising a 
safety issue, they react in a positive way that will enhance the overall Safety Culture. If, on the other hand, 
management ignores employee input, alienation and apathy will set in and the Safety Culture will be negatively 
affected. Awarding creative thinking is a characteristic of excellent companies. A Corporate Culture that 
encourages employee suggestions creates trust among its workforce. When an employee proposes an innovative 
way to handle a problem and is complimented for the suggestion, this action will stimulate an attitude of 
ownership on the part of the employee and will enhance the overall Safety Culture of the company. 

5. Employee Commitment: A democratic management style that involves cooperation and respect will result in 
employees caring about their workplace. The hierarchical approach associated with the more autocratic style of 
management tends to result in alienation and an attitude of"we just work here." This will negatively affect 

· employee morale, and when morale is low within the ranks; unsafe behavior will become more prevalent. 
Conversely, when morale is high, synergy will develop, which will positively affect the Safety Culture. 

6. ·Organizational Compatibility: When a department or division does not seem to fit within the overall company. 
structure and operates as a completely separate entity, a subculture will develop with its own norms and values. 
If these philosophical differences between the divisions and the corporate headquarters are taken to an extreme, 
countercultures may develop that will se~_ their own rules. This will have a negative effect on the Safety Culture. · 

7. Ethics: Neglecting moral questions is not good for business. Clearly, management's value system will have an 
effect on the way workers perceive the Corporate Culture. These values include trust and a sense of right and 
wrong concerning the welfare of others. If the company expresses ethical concern for employees and goes 
beyond the strictly legal commitment, this will have a positive effect on the Safety Culture, creating an 
atmosphere of "management cares about us." 

The Erickson ( 1997) study identified these seven elements (Work Environment, Management Actions, 
Communication and Feedback, Treatment of Employees, Employee Commitment, Organizational Compatibility, 
and Ethics) as most predictive of safety performance. Obviously, if management cares about the employees and 
shows respect, these attitudes and feelings will cross over and workers will start to care about management and the 
bottom line. However, only in democratic, horizontally structured corporations will this change be successful. The 
more hierarchical corporations will require a more fundamental change before the focus can shift to implementing a 
Total Safety Culture. Finally, to establish a Total Safety Culture that permeates the entire company, senior 
management has to formalize its intent by establishing a safety culture framework within the organization. The 
design of this framework should be company specific. Clearly, the attitude of the employees will be greatly 
influenced by the rules of the overall organization, as well as the ope!}ness of the organizational culture (Meshkati, 
1997). 

CONCLUSION 

A comprehensive approach to safety is required to achieve a Total Safety Culture. Both personal and organizational 
commitments are needed for success. As individuals, we must realize the limitations and flaws of the human 
condition. However, a behavior-based approach may assist us in determining what went wrong and how to avoid 
incidents and accidents in the future. 

On an organizational level, we have to be aware of the constantly changing corporate climate. Current business 
trends like mergers and acquisitions may result in Corporate Culture clashes that will create very confusing and 
often dangerous workplace conditions. To counter this and other potential threats to safety, aviation organizations 
should strive for the highest level of protection: a fully integrated safety program that is part of the overall · 
philosophy of the company and one that values the concerns and inputs of all employees. Such a program would 
then form the basis for the creation of a Total Safety Culture within the company. Building on this foundation, 
senior management should then address the key elements in establishing a Safety Culture by appointing a Safety 
Officer. This individual's tasks will be· to gather data on safety issues, to develop training to reinforce safety 
behavior, and to establish a non-threatening system for incident reporting. Moreover, to be effective, the Safety 
Officer should concentrate on the areas identified in Erickson's (1997) research. Clearly, open channels of 
communication between personnel and the Safety Officer will be critical in this process. Ultimately, control of safe 
operations in an international aviation company is a continuous process that requires personal and organizational 
commitment, well-defined feedback, and teamwork. 
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PORTER'S GENERIC BUSINESS-LEVEL STRATEGIES AS AN EXPLANATION FOR AIRBUS 
GROWTH IN COMMERCIAL AVIATION MANUFACTURING MARKET SHARE 
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ABSTRACT 

This paper utilizes Porter's model of business-level strategies as a foundation to explain how Airbus was able to 
attain equal market share with Boeing in the commercial aviation manufacturing industry. Airbus strategy is 
examined in detail and related to Boeing's strategic errors. Boeing's delivery and production problems are 
discussed and its efforts to correct them are assessed. Finally, some conclusions are presented on long-term 
competition and the future relative status of the two firms. 

INTRODUCTION 

The commercial aircraft manufacturing industry experienced a significant milestone in October 1999 as Airbus 
Industrie surpassed Boeing's Commercial Aircraft Division in outstanding aircraft orders for the first time in history. 
In fact for all of 1999, Airbus overtook Boeing and won two-thirds of big aircraft orders (6: 123). This is a 
surprising turnaround because as recently as 199 5, Boeing commanded 69. 7 percent of all orders during the year 
compared to only 14.8 percent for Airbus (10: 142). What caused this dramatic shift in market share? What · 
combination of Airbus and Boeing actions led to this reversal of corporate positions? In order to understand and 
explain this result, we need to examine strategic management theory and Porter's industry analysis model and his 
generic business-level strategies to help us put things in perspective. 

INDUSTRY ANALYSIS 

The industry analysis or five-force model was developed by Michael E. Porter of Harvard University 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 (14: 32; 17-82). In the following sections we will examine how these forces apply to 
the commercial aircraft industry. 

Supplier's Bargaining Power 

In this industry while some of the suppliers are large companies, like General Electric or Royals-Royce for jet 
engines, the majority are much smaller than Airbus and Boeing. This places both Airbus and Boeing in an 
advantageous position with respect to supplier relations and permits both to exert pressure on suppliers to obtain 
more favorable arrangements. One potential problem in this area is lead time. Manufacturers of component items 
are highly skilled and highly technological and this limits the number of producers capable of meeting the stringent 
quality and specification requirements. Traditionally, this has resulted in very long lead times on some items, 
sometimes of two or three year's duration. This can act as a limitation on production costs. Additionally, because 
of the high skill and capital equipment costs involved, supplier's ability to rapidly expand capacity to meet increased 
Airbus and. Boeing demand is sev~rely limited. 

Buyer's Bargaining Power 

The commercial airlines are the principal buyers of Boeing and Airbus output. These airlines are generally much 
smaller than the commercial aircraft manufacturers and at a disadvantage in any bargaining situation. Additionally, 
since there are now only two major producers of commercial aircraft, the airlines have no other source of new 
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aircraft. There has been a trend in recent years for airlines to join together in their purchases of new aircraft to 
increase their leverage and power in bargaining on price and delivery dates (1: 27). For example, in early 1997 
United, Lufthansa, Air Canda, Scandinavian Airlines, Thai International Airways, and Variq (who joined in 
October) formed a strategic alliance to provide "seamless" travel with coordinated reservations, check ins, and 
schedules. They also indicated that they were seriously considering joint aircraft purchases in the future ( 1 :27). 
Another tactic has been for aircraft buyers to split their orders between Airbus and Boeing. International Lease 
Finance co·rporation (ILFC) split almost evenly a 126 aircraft order between the two companies (4: 34). On the 
operational level Lufthansa is organized into three fleets; Boeing 747s, Boeing 737s, and Airbus Aircraft. Lufthansa 
feels this provides them with three smoothly running sub-fleets and they do not see any advantage in having a one 
type (homogeneous) fleet. As of June 1997, they had 124 Boeing aircraft and 93 Airbus aircraft with another 39 on 
order (2:87). In another instance that demonstrates Boeing's willingness to enforce its bargaining advantage over 
weaker buyers, it sued U.S. Airways in September 1997 for breaking a contract. Boeing alleged that the airline 
broke a legally binding contract to buy 737 and 757 aircraft in order to enter into a more attractive deal for a firm 
order on 120 similar sized Airbus Aircraft (5 : 46). 

Threat of Entry 

When new competitors enter an industry, it expands the productive capacity of that industry. This intensifies the 
battle for market shares unless the market is growing. The results are generally a bidding down of prices and a 
lowering of industry profitability. Deregulation of the airline industry in 1978 was an attempt to ease the entry of 
new firms into the market and increase competition. Initially, the effort had some success, but over time the major 
airlines successfully erected significant barriers and today the industry's best routes and markets are still 
concentrated in the hands of a few carriers (13: 32-33). The commerc;ial aircraft manufacturing industry is even 
more concentrated. It took Airbus over 15 years to become profitable, and it surely would have failed if it were not 
for the subsidies it received from the governments of the countries from which consortium members are drawn ( 10: 
C 145). The concentration has increased. The market is now comprised of two major competitors. This seems 
unlikely to change in the foreseeable future because the level of capital requirements, facilities, technical expertise, 
skilled work force, and a myriad of other factors present seemingly insurmountable barriers to entry. 

Threat of Substitutes 

Essentially there are no viable substitutes available to the airlines for providing their service. While there may be 
other forms of transportation available to the public, like car, truck, train, and boat, none offer the same level of 
speed and convenience provided by aircraft. For the airlines, in particular, only dirigibles and rockets even appear 
plausible substitutes, but neither are currently practical alternatives. So product substitutes for Boeing-Airbus 
aircraft are unavailable; however, there are other actions airline customers can take to lessen their immediate need 
for new aircraft. These delaying tactics include refurbishing their existing aircraft to lengthen the serviceable life of 
their fleet or turning to the used aircraft market which has a growing surplus of airframes due to the refurbishment 
efforts (10: C154). 

Intensity of Rivalry 

The rivalry between Airbus and Boeing is intense. As Airbus has grown in size and success, it emerged as Boeing's 
principal rivalry. With Boeing's merger with McDonnell Douglas, Airbus became its only rival. Now the direct 
competition between the two involves every aspect of the industry. They compete on R&D, technology, quality, 
prices, delivery schedules, after sales services, and every other facet of the commercial aircraft industry. Boeing 
saw the merger opportunity with McDonnell Douglas as an opportunity to improve its competitive position by 
significantly increasing its capability and gaining advantages of scale. Airbus viewed the merger as a threat to its 
ability to compete and opposed it. This was also the primary reason the European Union (EU), which contains the 
home countries of the Airbus consortium firms, so strongly opposed the merger and threatened retaliatory action (3: 
20-21; 1: 24). Both the EU and Airbus saw the merger as an attempt by Boeing to make Airbus a marginal 
competitor in the commercial transport market and allow Boeing to monopolize that sector of the industry for the 
foreseeable future .. 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. Based upon the above discussion, 
it is easy to see that Boeing was·in a very favorable position with regard to four out of the five forces affecting the 
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· commercial aircraft industry. This was reflected in the December 1993 in order backlog data where Boeing had 
56.9 percent of the backlog to 33 percent for Airbus (9: C290). The only factor where Boeing has any significant 
possible vulnerability is with the intensity of the rivalry within the industry. Yet with only two primary competitors 
now in the industry and Airbus setting its sights on Boeing as the only place to gain market shares, the intensity of 
the rivals can only intensify. In fact, Airbus senior executives had established achieving market parity with Boeing 
as an organizational goal, and expressed confidence in early 1999, that their market share would stabilize around 50 
percent over the next few years ( 11: 106). 

PORTER'S GENERIC STRATEGIES 

Michael E. Porter developed a paradigm for strategy at the strategic business unit (SBU) level. That is a business 
that operates in a single industry, which certainly fits Boeing's Commercial Airplane Group and Airbus Industrie. 
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 (12: 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. A company using this strategy would display the following characteristics (i8:32): 

( 1) strong central authority with very tight cost controls, 
(2) an emphasis on standard operating procedures, 
(3) frequent and detailed control reports, 
(4) manufacturing technologies that are easy to use, 
(5) limited empowerment of workers accompanied by close supervision, and 
( 6) distribution and procurement systems that are highly efficient. 

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. Organizational characteristics displayed by a firm using differentiation would include (18: 32-33): 

( 1) an organic structure that is loose-knit while exhibiting strong departmental coordination, 
(2) possess a corporate reputation for high quality and/or technological leadership, 

. (3) employee innovation is stressed and rewarded, 
( 4) members think untraditionally "out-of-the-box" with a creative flair, 
( 5) strong in marketing skills, and 
( 6) exhibits a competency in basic research. 

Focus {Or Quick Response) 

With a focus strategy, the firm concentrates on a specific buyer group or regional market.as its particular niche 
domain. In doing this, the firm will emphasize either a low-cost advantage or a differentiation advantage within its 
very narrowly defined market, but generally employs a mix of the two strategies with one of them being 
predominant. Focused firms have the following characteristics (18: 32-33): 

(1) combination of low-cost and differentiation strategies directed at a specific market niche, 
(2) customer intimacy and flexibility are valued and rewarded, 
(3) employee empowerment emphasized for those with customer contract, and 
( 4) cost of providing service and maintaining customer loyalty is diligently measured. 

229 Proceedings of the IEMS 2000 Conference 

J 



THE STRATEGIES 

Airbus lndustrie Strategy 

The creation of Airbus Industrie in 1970 was the result of European aircraft firms realizing that they would 
disappear if they continued competing against each other. Cooperation was the ticket to the future so that they could 
share development costs while attempting to build market share in their initial market niche. This niche was for a 
short- to medium-range aircraft with a 250 to 300 passenger capacity utilizing the economies of a twin-engine 
transport had been overlooked by their competitor~ (15: 3). The consortium was formally established on 
December 18, 1970, and various partners were assigned specific production and subassembly tasks to avoid 
duplication of effort, and hopefully gain some future economies of scale, if the endeavor succeeded and grew. The 
consortium was to act as the focal point for management of partner efforts, and as the sole interface with 
certification agencies and customers for the A300 aircraft (15: 3). This represented a focus strategy on the part of 
Airbus Industrie by offering a product that was unique to the market and provided low cost at the same time; 
however, potential customers had some reservations that Airbus Industrie could deliver promised performance. The 
challenge for Airbus was to establish credibility among the world's carriers, and convince them to shift from proven 
sources to the fledgling producer (15: 4). 

The initial success was followed by the A310, a shortened version of the A300, and in 1979, a decision to enter into 
the single-aisle 130 to 170 seat niche. This newest entry, called the A320, was an attempt to penetrate a segment of 
the market that was forecasted for traffic growth and that needed replacements for older aircraft. The A320 
incorporated new techniques, performance, and passenger comfort including increased use of computers and fly-by
wire controls not used by U.S. manufacturers until years later. This was truly a new generation aircraft that 

. enhanced Airbus Industrie's reputation, and became one of its best selling aircraft models. At this point, focus was 
still the Airbus Industrie strategy, but with penetration of the 150 to 300 seat portion of the market accomplished, the 
company began to reassess its strategy ( 15: 5). 

In 1987, Airbus shifted to a diversification strategy when it decided to move into the upper end of the market with a 
product line expanded to include higher-capacity, longer-range aircraft. Now Airbus would begin to approximate 
the Boeing product line offering a full range of aircraft models to appeal to the needs of the world's airlines (Airbus, 
5). Today, Airbus produces a line of eight models (A300, A310, A318, A319, A320, A321, A330, and A340) with 
several capacity variations within some of the models (15: 6). Airbus Industrie, in approximately 30 years, has 

· established a 124 to 3 78 seat aircraft product range with additional larger capacity aircraft in development, and has 
evolved into one of the two remaining major players in the commercial transport market. Airbus has recently shifted 
successfully to the low-cost leadership strategy because of Boeing's continuing production and cost problems, and 
its own efficient increase in product output and short production cycles. · 

Boeing Strategy 

Boeing has 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 once 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 
building a portfolio of core competencies in high-quality manufacturing ( 10: c 146-C 14 7). 

During the 1900s, Boeing had 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 with Boeing continuing to build the nose section and wings in house. 
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 he 
investment associated with these development efforts was becoming more difficult in the early l 990s as Airbus used 
competitive pricing as a strategic weapon against Boeing. 
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Boeing had attempted to deal with these competitive pressures by adopting a ''family of planes." The basic pr.emise 
of this concept is to create a new generation of aircraft with several variations or models spun off the original 
concept. This approach 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. Boeing 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 (10: C147). 

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 was an antiquated tracking 
system that linked manufacturing and engineering, and it also was experiencing very high manufacturing defect 
rates (10: C151-C154). The environment was demanding that Boeing change in order to be more efficient and 
competent. 

Boeing tried to accomplish this by acquiring McDonnell-Douglas in 1997 in order to gain additional capacity and 
economies of scale. At that time, Boeing's strategists decided to send Airbus a message by slashing prices in an 
attempt to achieve a dominant market share, but it backfired. Not only did Airbus Industrie answer back with a 
determined and highly successful marketing campaign of its own, but the hundreds of new orders Boeing's actions 
generated cut significantly into the firm's profitability and helped overload its suppliers so Boeing's production liries 
were tied up and it experienced parts problems ( 11: 106). Boeing has been trying since then to correct the problems 
with programs like Lean Manufacturing, Define and Control Airplane Configuration, Manufacturing Resource 
Management, and Tailored Business Streams with some success, but in the longer term Boeing will have to totally 
revamp its production methods. Historically the company allowed customers an almost unlimited selection of 
options like more than 100 shades of white paint and almost as many cockpit designs or 20,000 different options of 
galley and lavatory designs and placements. Modular manufacturing would make more sense to prevent each 
aircraft from being almost a unique creation ( 11: 102). In fact, one observer has suggested that even this may not be 
enough, and that Boeing ought to focus on its core competency of conceptualizing and designing things that fly. 
More and more components should be outsourced so low-cost subcontractors take over the majority of the 
manufacturing process ( 11: 102). This would allow Boeing to compete mote evenly on price with Airbus. 

CONCLUSION 

Porter's industry analysis model and his generic business-level strategy appear to provide a good explanation of 
what has happened in the commercial aircraft manufacturing industry. Upon application, these tools satisfactorily 
explain the competition between Boeing and Airbus Industrie, and Airbus Industrie's gain in market share. 

BIBLIOGRAPHY 

1. Aviation Week and Space Technology. Vol. 146, No. 21, May 19 1997, p. 27. 
2. Aviation Week and Space Technology. Vol. 146, No. 24, June 16, 1997, pp. 88-88. 
3. Aviation Week and Space Technology. Vol. 146, No. 25, June 23, 1997, pp. 20-21. 
4. Aviation Week and Space Technology. Vol. 147, No. 10, September 8, 1997, pp. 34-35. 
5. Aviation Week and Space Technology. Vol. 147, No. 12, September 22, 1997, p. 46. 
6. Crock, Stan, and William Echikson, "Aerospace," Business Week, January 10, 2000, p. 123. 
7. Coulter, Mary K., Strategic Management In Action, Prentice Hall, Upper Saddle River, NH, 1998. 
8. Daft, Richard. L., Essentials of Organization Theory and Design, South-West College Publishing, Cincinnati, 

OH. 
9. Hill, Charles W. L., and Gareth R. Jones, Strategic Management: An Integrated Approach, Third Edition, 

Houghton Mifflin Company, Boston;MA, 1995. · 
10. Hitt, Michael A., R. Duane Ireland, and Robert E. Hoskisson, Strategic Management (Cases): 

Competitiveness and Globalization, Second Edition, West Publishing Company, Minneapolis/St. Paul, MN, 
1997. 

11. Labich, Kenneth, "Boeing Finally Hatches a Plan," Fortune, pp. 100-106. 
12. Render, Barry, and Jay Heizer, Principles of Operations Management, Second Edition, Prentice Hall, Upper 

Saddle River, NJ, 1997. 

231 Proceedings of the IEMS 2000 Conference 



13. The Arizona Republic, Phoenix, AZ, December 17, 1997, pp. El-E2. 
14. Wright, Peter, Mark J. Kroll, and John Parnell, Strategic Management: Concepts, Fourth Edition, Prentice 

Hall, Upper Saddle River, NJ, 1998. 
15. www.airbus.com/about history.html , pp. 1-7. 

232 Proceedings of the IEMS 2000 Conference 



THE UTILIZATION OF ATTITUDE THEORY BY ORGANIZATIONS 
IN STRATEGIC MANAGEMENT 

By 

Paul F. Tully, Ph.D. 
California State University, Sacramento 

ABSTRACT 

Psychological attitude theory is defined and several specific theories are examined in detail. The paper then 
discusses how these theories can be utilized in organizational practice while demonstrating the transferability of 
individual attitude theory to an organizational context. Specific examples of the application are provided as a means · 
of demonstrating the viability of using attitude theory in strategic management and its potential for aiding improved 
organizational performance. 

INTRODUCTION 

This paper examines the role of attitude change as one of the causal factors in organization change. The initial 
perspective is from the individual standpoint, since most of the available literature is oriented in that direction. 
However, once the theoretical foundations of attitude and attitude change have been enunciated, a transition is made 
to the organizational level, and the applicability of the theory in that context is examined. · 

The central premise of this paper is that organizational attitudes do exist. These attitudes can be defined as 
organizational policies, procedures, and rules. Thus, a direct analogy between individual and organizational 
attitudes and attitude change is possible, and a meaningful transfer of existing theory can be accomplished from the 

. individual to the organizational level. · 

An organizational attitude change model, predicted on the Katz and Kahn model, is presented, and various attitude 
change theories are applied to it in order to understand the effect they would produce on organization process and 
structure. Probable interactions between the managerial, boundary, maintenance, production, and adaptive 
subsystems are also discussed. 

Finally, the real world utilization of this knowledge to produce desired attitude changes by one organization in its 
interaction with others is illustrated and discussed. The ramifications inherent in the conscious application of this 
technique at the organizational level are also examined. -

The subject of attitude change in the organizational environment is an emotionally charged one. It carries the 
implication of both overt and covert attempts to manipulate others which ll)OSt people fine objectionable. 
Considering this widespread sentiment, the question may be legitimately asked, "Should business try to directly 
influence attitudes, and thus behavior patterns, for economic reasons?" The answer clearly is that whether the 
business consciously tries to influence the behavior of another organization or not, what the business does will in the 
end influence attitude and behavior patterns. Pragmatically them, the businessman's question should be, "Since my 
actions will influence them, will what I do influence them in the way I want them to be influenced?" Hopefully, 
this paper provides at least a partial answer by illustrating the application of existing attitude change theories to the 
process of initiati~g organizational change through attitude change in organizational interaction. 

DEFINITION OF ATTITUDE 

Before any meaningful discussion c·an be accomplished, the word attitude must be defined. J'his is not as easy as it 
appears. A perusal of the literature elicits a wide variety of definitions, so it may be wise to present the main 
conceptual and verbal differences among them. Basically, there are five differences, and these revolve around: 

1. The psychological locus of attitudes. 
2. The definition of attitude as being a response or a readiness to respond. 
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3. The degree to which attitudes are organized. 
4. The extent to which attitudes are learned from previous experience. 
5. The extent to which attitudes play a directive or a dynamic motivational function (7). 

The Chaplin (2) definition most closely coincides with the author's view of attitude, and it will be used throughout 
this paper with minor variations as follows: 

Attitude is a consistent, learned, and enduring predisposition to behave or 
react in a certain way toward persons, objects, institutions, or issues. Looked 
atfroin a slightly different point of view, attitudes are tendencies to respond to 
people, institutions, or events rather positively or negatively. 

This definition does not quite equate attitude to a response, and indicates that attitudes are directive rather than 
dynamic in their function. It also explicitly considers the learned aspect of attitude which the author believes is 
crucial. An individual's attitude can be more properly conceived of as existing along a continuum rather than at one 
fixed point. This continuum represents the individual's reference scale, varying with respect to different stimuli, 
which defines a latitude of acceptance, a latitude of rejection, and a latitude of noncommitment. All applicable 
incoming communication is evaluated and placed along the continuum with relation to the present attitude (8). 

ATTITUDE FORMATION 

An individual's attitudes are generally considered to spring from the following three sources: 

I. The child-parent relationship in the child-rearing situation. 
2. Association with individuals or the formal and informal groups encountered later in life. 
3. Unique or isolated experiences or similar experiences repeated throughout life. 

Whether the individual's attitudes are formed primarily in interaction with others to whom he is attached 
emotionally or primarily by exposure to dictums, pronouncements, and printed or spokeri exhortations, they 
constitute what make him, in a psychological sense, a member of the groups and institutions in his social world. 
Conversely, they define for the individual what he is not. Thus, they express the final results of the socialization of 
the individual in so many roles, as a member of a family, school, church, political party, adherent of an ideology, 

· citizen of a country, and many more. In effect then, attitudes express the individual's psychological references to 
these groups and institutions. Social attitudes, therefore, tend to have motivational and emotional properties that 
exist over time. They are not by nature momentary or transient (8). 

This process of attitude formation can be described by utilization of a model adapted from Lewin (4). It 
demonstrates some of the factors that are influential in the process of attitude formation, how these factors are 
filtered through the screens of perception, motivation, and cognition, and the individual's ultimate emergent 
behavior. The Lewin model presents an excellent picture of how attitudes are formed, but it also provides a key to 
elements that would affect attitude change efforts tied to the attitude change theories which we will examine later. 

ATTITUDE CHANGE 

Any attempt to alter attitude in a real world context faces some extremely difficult, and sometimes well concealed, 
obstacles. Attitudes are resistant to change because they tend to become an integral part of an individual's 
psychological makeup. Attempts to alter an individual's attitude with regard to a specific stimulus must be 
approached with great caution, particularly when direct methods of alteration are employed because this implies that 
the individual's present attitude is incorrect. Such an implication is generally interpreted as an attack by the 
individual and usually leads to his rejection of the attitude change attempt. Krench, Crutchfield, and Ballachey have 
identified attitude change as occurring in two different dimensions, degree and direction. They designate changes in 
degree as congruent, and changes in direction as incongruent (1). Lewin has developed a conceptual mode-I that 
envisions attitude change as a three-stage process. The stages are unfreezing, changing, and refreezing (4). This 
model of the attitude chahge process when coupled with the Krench, Crutchfield, and Ballachey concept of attitude 
modifiability leads us naturally to the consideration of attitude change theories which is the next subject. 
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The theoretical base of attitude change has enlarged significantly since the early days of World War II when the area 
first began to receive serious attention from psychologists. The result has been a proliferation of varying theories, 
each with a high degree of specificity. To date, none of these has emerged as a general theory of attitude change. 
However, things are not quite as chaotic as they initially appear. The majority .of these theories can be categorized 
by one or, in some cases, both of two different emphases: 

1. The importance of reward, reinforcement, and need reduction. --
2. The importance of consistency. 

The former group of theories is generally referred to as "needs" theories, while the latter group is referred to as 
"equilibrium" theories. 

ORGANIZATIONAL ATTITUDE CHANGE MODEL 

As mentioned earlier, the majority of attitude change literature approaches the subject from the perspective of the 
individual to the almost total exclusion of the organization. Even where the organization is the focus, it is only used 
as the context within which attitude change theories are applied to its individual members. Thus, a void exists in the 
theory on the level where one organization .consciously attempts to change the attitude of another. · 

The author believes that individual attitude change theory is applicable to the organization. The organization is 
often portrayed in an analogy where human attributes and characteristics are ascribed to an organization. For 
example, the human body is described as a system composed of several subsystems (circulatory, ne~ral, etc.), and 
this conception is then extended to organizations. If this is true, then other similar analogies should also be valid 
like equating individual human and organizational attitudes. The major difference lies in the degree of complexity 
inherent in both systems with the organization being far more complex. To test this proposal, a model has been 
developed which will be explained shortly. First, however, the concept of an organization attitude is defined as any 
policy, procedure, rule, or directive existing within the organization, and this is certainly compatible with the earlier 
general definition of attitude. Organizational policies, procedures, rules, arid directives are most assuredly 
consistent, learned, and enduring predispositions to behave or react in a certain way. 

The organizational model that is to be utilized as a vehicle to test the applicability of individual attitude change 
theories to organizations is an adaptation of the Katz and Kahn model. Their model views the formal organization 
as consisting of five subsystems: production, maintenance, boundary, adaptive, and managerial (6). These 
subsystems and the interactions between them are examined to determine what changes occur in process and 
structure as different attitude change theories are applied to the model. The model, as constructed, is designed to 
accommodate both internal and external change pressures. However, the primary concern of this paper is to 
examine the effects of one organization attempting to change the attitude of another. Thus, only external sources are 
considered. . 

An external impetus to change enters the model through any one or more o-fthe boundary, production, maintenance, 
and adaptive subsystems. Here a two-step process is involved. If the original entry was through any of the first 
three subsystems above, its implications are examined to determine if the attitude change effects more than one 
subsystem. If the answer is no, the available information on the proposed attitude change is transferred to the 
adaptive subsystem for processing. If the answer is yes, the managerial subsystem is immediately apprised of the 
attitude change attempt. If original entry is through the adaptive subsystem, the attitude change information, 
coupled with that transferred from the other subsystems, is screened to determine whether it effects more than one 
subsystem. If it does not, the effected subsystem makes the decision whether or not to implement the change. If it 
does, then the information is processed to the managerial subsystem, and there it enters the same process as the 
information discussed above originating in the other subsystems. · 

The managerial subsystem functions as the final authority and arbitrator in any situation where the interests of more 
than one of the other subsystems come into contact. Thus, in the attitude change model, the managerial subsystem 
reviews all external pressures for change. If it determines that the change is not required and/or desirable, the 
process stops. If however the change is looked upon favorably, permission is given to the concerned subsystem(s) 
to implement with either specific instructions on how to accomplish the change or authority to utilize whatever 
approach they deem most advisable. 
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ATTITUDE CHANGE THEORIES APPLIED TO THE ORGANIZATIONAL MODEL 

Now that the necessary background has been acquired, the time has come to apply the theory to the model. Since 
this is only a conceptual exercise, no clear-cut results are possible. However, if the model reacts in the same manner 
as an individual would to the application of a particular attitude change theory, it will add credence to the original 
speculation that organizational polides, procedures, and rules can be equated to individual attitudes. 

The same format is utilized throughout both examples utilized in this section. Each theory is described as it is 
generally applied on the individual level. Once the theory is clearly understood, a situation is created involving two 
organizations with one attempting to implement an attitude change in the other. The model is used to examine the 
probable actions and interactions that take place within and among the applicable subsystems, and to depict the 
changes that occur in organizational process and structure. 

Cognitive Dissonance Theory 

This approac~ to attitude change was formulated by Leon Festinger (3). It rests upon the basic assumption that 
human beings cannot tolerate psychological inconsistency. This carries the implication that whenever inconsistency 
exists in an individual, he will make an effort to reduce or eliminate it. This attempt to counteract the existing 
dissonance activates and directs the individual. He is motivated in a specific direction that will result in the 
reduction of the unpleasant tension produced by the inconsistency (9). 

The theory states that dissonance comes into play whenever one cognitive element conflicts with another cognitive 
element. In order for dissonance to exist in the first place, the two cognitive elements can only exist in one of three 
types of relationships to each other: dissonant, consonant, or irrelevant (9). 

It should be obvious from the foregoing that dissonance is a post-decisional problem. That is, any decision situation 
is potentially dissonance producing, and the closer the original alternatives are to each other, the less obvious the 
reasons for selecting one over the other, so the greater the dissonance produced. If dissonance is produced following 
a choice situation, the prime method of reducing it is by increasing the attractiveness of the selected alternative and 
decreasing the attractiveness of the unselected alternative (9). 

Now that cognitive dissonance theory has been explained, attention can be turned to its potential application in a 
. hypothetical setting. With the emphasis that environmental problems are receiving today, they would seem to offer 
a relevant area from which to draw an example. The one we will utilize involves an imaginary electric utility 
providing power to a large urban center like Houston. The conflict situation involves a choice between observing 
the company's stated policy to accept its social responsibilities and protect the environment, or following another 
company policy to produce electricity at minimum cost. The decision is made to abide by the latter policy, and 
cognitive dissonance emerges. 

There are numerous ways that the utility can reduce or eliminate its dissonance, but this is temporarily irrelevant to 
the problem at hand. For the purposes of this paper, the perspective is on how an external organization, like the 
federal, state, or local environmental protection agency can utilize the dissonance to manipulate the utility into 
revoking its dissonance-producing decision. In terms of the model, the utility's adaptive subsystem is already aware 
of the need to observe pollution requirements and protect the environment-at least in a general way. The 
environmental agency is also cognizant of the utility's stress on public service in its advertising campaign, and this 
can be used to further increase the utility's dissonance. 

Once the environmental protection organization begins to actively attempt to change the utility's attitude, the change 
impetus will be felt in the production, maintenance, and boundary subsystems, as well as in the adaptive. For 
example, inspection teams will be visiting the offending generating plants and coming in contact with the production 
ahd maintenance subsystems. If judicious use is made of the news media by the environmentalists, the boundary 
subsystem will be involved in combating the adverse publicity and maintaining the utility's image. As the pressure 
to change increases, the dissonance will increase and the adaptive, production, maintenance, and boundary 
subsystems will become more disrupted by more frequent contact with environmentalist representatives. 
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While all this is going on, information will be received on a continuing basis by the managerial subsystem. Since 
the attitude change attempt involves more than one subsystem, the final decision rests here. The ultimate criterion, 
by prior definition, is simply "Is the change required and/or desirable?"· The way the example has been structured, 
the only answer for the managerial subsystem is a resounding yes. If the ·environmentalists have marshaled their 
resources well, they have been able to raise the intensity of the dissonance gradually over the range of the change 
attempt. The utility can utilize any combination of dissonance reduction techniques to relieve pressure. For 
instance, they can reverse their initial decision, lower the relative importance of profits and minimum cost in relation 
to social responsibility and environmental protection, or add consonant cognitive elements that would favor an 
environmental over a pure profit decision. 

Psychoanalytic Theory 

_ This theory was developed by Sarnoff as an attempt to enumerate the implications of Freudian psychology for 
attitudes and attitude change. Sarnoff defines motive as an internally operative, tension-:-producing stimulus which 
provokes the individual to act in such a way as to reduce the tension generated by it and which is capable of being 
consciously experienced. He feels that whenever two or more motives are activated at the same time, their 
coalescence produces a state of conflict (5). 

Using the Freudian concept of ego, which he defines as a configuration of perceptual and motor skills which helps to 
reduce motivational tension within the limits of environmental constraints, Sarnoff goes on to enumerate ego 
defenses that protect the individual. There defense mechanisms, such as repression, projection, denial, and 
identification, help eliminate from consciousness the fear motive and any other motive which is _responsible for the 
arousal offear (5). 

Sarnoff views an individual's attitude toward a class of objects as being determined by the particular role these 
objects have come to play in facilitating responses to the tension of particular motives and which resolve particular 
conflict among motives. The emphasis on conflict and tension reduction, so prevalent in cognitive dissonance 
theory, can be clearly seen here also (5). Many advertisers utilize this theory 1n developing new advertising 
campaigns because it can be a powerful tool on the individual level. 

On the organizational level, there are many examples of the use of this theory to implement a desired attitude 
change, or rather, what appear to be attempts to change attitude. The recent furor over United States involvement in 

. Southeast Asia offers a prime example involving the ego defense mechanism of projection. The policy of the hawk 
organizations was that involvement was necessary and justified, and any opposition was immoral. On the other 
hand, the dove organizations adopted a policy that involvement was wrong, and any support or participation in the 
war was immoral. On the surface both sides appeared to be strenuously striving to change the attitude of both 
individuals and other organizations to favor their policy. What was really happening was a manifestation of the 
defense mechanism projection in action. 

Both groups of organizations were not totally sure that their positions were completely correct at· the unconscious 
level. The hawks projected any guilt feelings they had over inadvertent bombing of civilian areas to the doves by 
castigating them as traitors who provided aid and comfort to the enemy. The doves in tum projected any guilt 
feelings they had concerning their refusal to serve in the military and their public support of the enemy to the hawks 
by classifying them as murderers. Both sides then adopted positions of high morality and took the stance that the 
o_ther group was immoral and inferior. 

In terms of the model, the adaptive subsystem was the prime point of contact and acted as the principal change 
agent. The boundary subsystem was brought into play to fend off opposition attacks and provide a ready defense of 
the chosen position. The production and maintenance subsystems actively produced· the propaganda to influence the 
opposition and kept the group in a ready, active, and functioning state. The managerial subsystem planned the 
strategy and orchestrated the apparent attitude change attempt that was in reality as much ,a self-justification 
program. 
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CONCLUSION 

This paper has examined the role of attitude change in precipitating organizational change. This was accomplished 
by first providing the reader with an overview of attitude, defining the term, reviewing the concepts of attitude 
formation and change, describing an organizational attitude change model, and finally, running two contemporary 
attitude theories through the model. Since the paper involved only a conceptual exercise, definitive conclusions are 
impossible. Much empirical research will be required before the premise can be accepted. However, the results 
obtained from applying the individual attitude and attitude change theories to the organizational model were 
promising. Tentatively then, the premise that organizational policies, procedures, and rules can be equated to 
individual attitudes and that individual attitude theory is applicable at the organizational level appears to have merit. 

The implications inherent in the application of individual attitude theories by one organization on another are 
important. For the first time, there is evidence that an organization can successfully manipulate its environment to 
some degree by changing another organization's attitude. The transferability of attitude change theory from the 
individual to the organizational level opens up a whole new array of opportunities to the innovative organization in 
developing its strategy and strategic plans. 
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Improving Manufacturing Performance Through Effective Management of Automation Technology 
- Some Empirical Evidences 

Qiang Tu, School of Business, Montclair State University, Upper Montclair, NJ 07043 

INTRODUCTION 

Throughout the history of manufacturing management, managers are constantly refining their skills for controlling 
and stabilizing against various technological and market uncertainties (Skinner, 1985). Some of those skills, such as 
division of labor (Frederick Taylor, 1911) and buffering technical core from external changes (Thompson, 1967) had 
been very successful in the transition from craft to industrial manufacturing system, creating the powerhouse of U.S. 
manufacturing. 

However, many of those skills can no longer keep up with the accelerated changes in technology and global market 
over the last two decades. Today's chaotic post-industrial environment is fundamentally different from the 
traditionally more predictable industrial environment. Huber (1984) described the nature of post-industrial society as 
"more and increasing knowledge, more and increasing complexity and more and increasing turbulence". Thus an 
essential managerial question is: What new skills should manufacturers have to deal with this highly competitive 
and uncertain post-industrial environment? 

For one time, U.S. manufacturers seemed to have found the answer, i.e., investing in new manufacturing technology 
to increase the ·level of automation. Thus we saw a boom in purchasing the hardware for flexible automation. But 
they soon realized that their competitors were using the same technology more effectively. It appears that the 
advantage lies not in whether or not you have the technology but how it is being used. Therefore, Jaikumar (1986) 
concluded that "The technology itself is not to blame; it is management that makes the difference."-Duimering et al. 
(1993) further proposed that the key to effective management of flexible automation is to improve manufacturing 
system integration before implementation. 

Recently, the issue of manufacturing system automation vs. integration has attracted greater attention due to the 
increasing level of environmental uncertainty. But empirical evidences of whether automation and integration really 
makes a difference in terms of manufacturing performance are almost non-existent, except a case study by 
Vonderembse, Raghunathan and Rao ( 1997) that provided some initial empirical implications on the role of 
automation vs. integration under post-industrial environment. The current study is the first large-scale survey 
research to address the differing impacts of automation and integration on manufacturing performance under 
different levels of environmental uncertainty. 

THEORETICAL FRAMEWORK AND HYPOTHESES DEVELOPMENT 

The theoretical model under investigation in the current study can_ be depicted as follows: 

Manufacturing System 
Automation 

Manufacturing System 
Integration 

_ Figure 1: Theoretical Model 

Man u factu ring 
Perform a nee 

The basic argument of this model is that the level of environmental uncertainty moderates the impact of 
manufacturing system automation and integration on manufacturing performance. As discussed earlier, today's post
industrial manufacturing environment is fundamentally different from the . industrial environment in terms of the 
uncertainty -level. The highly tu~bulen·t post-industrial environment is largely resulted from the increasing 
competition, changing customer demand, shorter product life cycle, and rapidly advancing technology innovation. 
These factors will definitely affect manufacturing practices and performance. 

Manufacturing systems integration refers to both the physical connections and information flows among the 
manufacturing system components. It may include co-operation of application systems, consistency of the 
information model and continuity of communication through all management and control levels (Lapalus et al., 
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1995). Manufacturing systems automation can be defined as substituting labor with automatic facilities and 
equipment so that the system can operate with fewer labor hours per unit produced (Vonderembse et al., 1997). This 
usually involves the adoption and implementation of various advanced manufacturing technologies (AMTs), such as 
Robotics; CNC machines, Computer-aided Design/Manufacturing (CAD/CAM), and Flexible Manufacturing 
Systems (FMS). Thus in manufacturing management literature, the level of automation is often represented by the 
level of AMT usage. 

In the current study, manufacturing performance is defined as the level of attainment of various manufacturing 
objectives, which are commonly considered to including Cost, Quality, Delivery, Flexibility and Innovation 
(Swamidass and New~ll, 1987; Leong, Snyder .and Ward, 1990). One contribution of the current study is the 
development of a valid and reliable measurement instrument for manufacturing performance, which can also be used 
in other manufacturing management studies. 

The Impact of Automation and Integration On Manufacturing Performance Under Low Uncertainty · 

The booming use of advanced automation technologies in the U.S. manufacturing firms started in the early 1980s 
(Business Week, 1981 ). The investment in automation technologies continued to grow -in the. next several years due 
to the increasing competition from global competitors, especially Japan (Wiley, 1986). During this time period, there 
had been many cases reporting improved quality and productivity as a result of manufacturing systems automation 
(Automation, 1988). However, because the general market environment were relatively stable as compared to 
today's market, most firms were still operating under industrial mindset that treats the factory as a productivity 
machine without concerning its flexibility. Thus AMT implementation projects often resulted in many "Islands of 
Automation" (Merlin, 1989) that improves the · performance of individual parts of the manufacturing system but 
lacks the capability for interconnection and information sharing. Although many firms already recognized the · 
problem of lack of integration (Nash, 1986), their efforts to connect existing island of automation often lead to a 
non-optimized and redundant system (Vonderembse et al., 1997), because islands of automation were not designed 

· for integration in the first place. Therefore, we have the following hypothesis: 

Hypothesis 1: Under industrial (low uncertainty) enyironment, manufacturing system automation has significant 
positive impact on manufacturing performance, while the impact of manufacturing system integration is not 
significant. 

The Impact of Automation and Integration On Manufacturing Performance Under High Uncertainty 

Manufacturing systems automation did offer some localized benefits in terms of quality, cost and productivity. 
However, as the competitive environment gets much more turbulent in the 1990s, a highly integrated yet flexible 
system is required to respond to unexpected changes. The traditionally fixed islands of automation started to show 
their weaknesses and their lack of process flexibility may well become a major cause of increasing cost and 
decreasing productivity. Later empirical studies have not shown convincing evidence that investment in automation 
will improve productivity and provide high enough return on investment (Tan, 1996). More recehtly, Swamidass 
and Kotha (1998) found from a survey of 160 manufacturing firms that AMT use does not show any direct impact 
on firm performance. Still the same technology and even more advanced, but couldn't generate the same 
performance advantage as in the 80' s. Why ? 

Doll and Vonderembse ( 1991) has pointed out that while technology is a driving factor in the relatively stable 
industrial stage, technology becomes only an enabling factor when market environment gets more turbulent in the 
post-industrial stage. To successfully cope with the high uncertainty, manufacturers must first achieve a high level 
of system integration before implementing new technology (Duimering, 1993). Many firms now advocates the 
concepts of "open automation", a standard-based system in which components can be easily integrated and share 
data with other systems (Kinsella, 1998). A series of case studies by Vonderembse et al. ( 1997) indicated that firms 
operating in the post-industrial environment should focus first on integration across the value chain, and then 
automate those activities that add value to customers. Parthasarthy and Yin ( 1996) also empirically verified that 
organization-wide integration significantly moderates CIM's impact on competitive performance. Therefore, we 
have the following hypotheses: 

Hypothesis 2: Under post-industrial (high uncertainty) environment, manufacturing system integration has 
significant positive impact on manufacturing performance, while the impact of manufacturing system automation is 
not significant. 

Hypothesis 3: Under post-industrial (high uncertainty) environment, when the degree of system integration is also 
high, manufacturing system automation will have significant positive impact on manufacturing performance; when 
the degree of system integratio.n is low, manufacturing system automation will have no significant impact on 
manufacturing performance. 
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RESEARCH METHODOLOGY 
Data Collection 

A key success factor in a large-scale empirical study is the quality of respondents. For this study, respondents should 
have detailed knowledge in more than one functional area plus in-depth understanding of manufacturing . 

. Respondents should represent different geographical areas, industries, and firm sizes, so that the results can be 
generalized. To achieve these goals and to obtain an acceptable response rate, the survey sample was obtained from 
the Society of Manufacturing Engineers (SME), a well-known and well-respected organization of manufacturing 
managers and engineers with 65,000 active members all over the world and in almost every industry. 

SME provided a mailing list of 2381 names, which were randomly selected from its U.S. membership database. The 
research questionnaire was administered through large-scale mailing to the 2831 manufacturing managers. To 

. ensure a satisfactory response rate, the survey was administered in three stages. First, a copy of the questionnaire 
wjth a cover letter describing the purpose and significance of the current study was mailed. Two weeks later, a 
follow-up letter was mailed to each of the target respondents to remind them of the survey. The names of those who 
responded were then removed from the original mailing list. After another two weeks, a·second follow-up letter with 
a copy of the questionnaire was sent to those who still had not responded. There were a total of 320 responses from 
the mailings, of which 303 were complete and usable. Detailed demographic information of the 303 respondents 
indicated that all major types and sizes of manufacturing indus.tries were well represented. 

Operationalization of Variables 

To measure automation and integration, the respondents were asked to rate the level of automation of their 
manufacturing system and the degree of integration of their manufacturing system components on a five-point 
interval scale. 

Environmental uncertainty (EU) and manufacturing performance (MP) variables were operationalized on five-point 
interval scales using multiple items developed from the strategic management and manufacturing management 
literature (Swamidass and Newell, 1989; Pine, 1993). The value of each variable is the mean value of the multiple 
items representing that variable. The EU variable was represented by 4 items in one dimension, and the MP variable 
was measured by 18 items in five dimensions, namely: cost, quality, delivery, innovation and flexibility. 

To ensure the content validity of the measurement instruments, the questionnaire went through a rigorous three
stage modification process: 1) Item generation: A comprehensive literature review was completed to define the 
constructs and identify an initial list of items; 2) Pre-pilot interviews: Structured interviews with four manufacturing 
managers and six academic experts who had the opportunity to suggest changes in the definition as well as to 
"Keep," "Drop," or "Modify" each item. The interview results were carefully analyzed and a common pattern of 
thinking was recognized, which formed the basis for further revision of the research construct and measurement 
items. 3) Pilot test: A pilot study was completed by small scale mailing survey of senior manufacturing managers. 
The study provided valuable preliminary information about the teliability and validity of the measurement scales. 
Forty usable responses were received and Corrected Item-Total Correlation (CITC) and factor analysis were used to 
further purify the scales (Kerlinger, 1978). 

Assessment of measurement properties 

There is general agreement in the literature that tests of unidimensionality (and convergent validity), discriminant 
validity, and reliability are important for establishing construcfvalidity (Sethi and King, 1994). 

Assessing Unidimensionality and Discriminant Validity. To be unidimensional, there must be a single latent variable 
underlying a set of measurement items. In the current study, the EU construct was conceptualized as having one 
dimension and 4 items. To check the unidimensionality of the EU items, exploratory factor analysis was performed 
and one single factor emerged with all factor loadings above 0. 70, indicating very good unidimensionality and 
convergent validity of the measurement instrument (Table 1 ). 

Table 1: Unidimensionality Assessment of EU Variable 

Item Description 
Factor 

Loadin2 
Environmental Uncertainty 

1 The tastes and preferences of our customers change quickly 0.70 
2 The rate of product innovation in our industry is high 0.86 
3 The rate at which products are getting obsolete in our industry is high 0.72 
4 The .rate of process technology innovation in our industry is high 0.77 
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The MP construct was conceptualized as having five dimensions and 18 items. To check for its unidimensionality 
and determine whether these five sub-dimensions are part of the overall MP construct, a composite item was 
calculated for each of the five sub-dimensions by taking the average of items in each sub-dimension. Exploratory 
factor analysis was performed on the five composite items and one single factor emerged with all factor loadings 
above 0. 70, indicating very good unidimensionality and convergent validity of the MP instrument (Table 2). 

T bl 2 U "d" rt A a e : m 1mens1ona 1 tY ssessmen o ana t fMP V . bl e 
Item Description Factor Loading 

Manufacturing Performance Sub-dimensions 
1 Cost Perlormance 0.72 
2 Quality Performance 0.77 · 
3 Delivery Performance 0.77 
4 Flexibility Performance 0.74 
5 Innovation Performance 0.81 

To ensure the discriminant validity of the five sub-dimension of the MP construct, an exploratory factor analysis 
was performed using all 18 items that measure MP. Five clear factors emerged with most factor loadings above ·0.70. 
All items loaded on their expected sub-dimensions and no cross-loading was observed, indicating very good 
discriminant validity of the MP instrument. 

Assessing Reliability. Reliability concerns the-extent to which a measurement scale yields the .same results on 
repeated tests. Thus 'it's a measure of scale consistency. The reliability of EU and MP instruments were assessed 
with Cronbach's (1951) alpha. The overall alpha score is 0.76 for EU and 0.81 for MP, well above the recommended 
minimum value of 0.70 (Nunnally, 1978). Reliability for the five MP sub-dimensions were also above 0.70. 

Analytical Results and Hypotheses Testing 

To test the moderating effects of EU on the relationship between manufacturing system automation/integration and 
manufacturing performance, subgroup regression analysis was used. The sample was first split into two subgroups 
using the mean value of the EU variable. That is, a case with a EU score higher than the mean went into the high 
uncertainty (post-industrial) group, while a EU score lower than the mean put the case into the low uncertainty 
(industrial) group. Regression analysis was then performed within each of subgroup using manufacturing 
performance as dependent variable and automation and integration as independent variables. Table 3 presents the 
results of both subgroup regression analyses. 

Table 3: Subgroup Regression Analysis Results (1) 

Subgroups Regression Coefficients T value Significance 

Low Automation 0.165 3.17 0.002 (**) 

Uncertainty Integration 0.014 0.28 0.781 (NS) 

High Automation 0.091 1.94 0.055 (NS) 

Uncertainty Integration 0.104 2.08 0.039 (*) 

Dependent Variable- Manufacturing Performance 

** Significant at P<0.0 1 level * Significant at P<0.05 level NS Not significant (P>0.05) 

The above results support our research hypotheses 1 and 2. That is, when environment uncertainty is low, 
manufacturing system automation has significant positive impact on manufacturing performance, while integration 
does not; when environment uncertainty is high, system integration has significant positive impact on manufacturing 
performance, but the effects of automation is not significant. 

While statistical results strongly support Hypothesis I (P<0.0 I), the support for Hypothesis 2 is not as strong. The 
significance level of automation is almost a border case. There must be some other factors other than environmental 
uncertainty that is affecting the impact of automation. This leads us into the testing of Hypothesis 3 by adding 
system integration as ~he moderating variable for the relationship between automation and manufacturing 
performance. The high uncertainty subgroup was further split into two second level subgroups based on the mean 
value of the integration variable, and subgroup regression analysis was again used. Table 4 presents the results of the 
subgroup regression analyses. 
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Table 4: Sub2roup Re2ression Analysis Results (2) 

Second Level Regression Coefficients Significance 
Subgroup 

Subgroups For Automation 
T value 

High High Integration 0.157 2.89 0;005 (**) 

Uncertainty Low Integration 0.046 0.65 0.520 (NS) --, 
Dependent Variable - Manufacturing Performance 

** Significant at P<0.01 level NS Not significant (P>0.05) 

The above results strongly support Hypothesis 3. It clearly shows that when environmental uncertainty is high, 
manufacturing system automation will improve manufacturing performance only when the degree of system 
integration is high. 

DISCUSSION OF RESULTS AND CONCLUSION 

The results presented above, taken together, suggest that environmental uncertainty, manufacturing system 
integration and automation do have distinctive impact on manufacturing performance. The results of this study may 
provide useful directions for top management in understanding and dealing with the performance problems in 
manufacturing. firms, especially when the firm is puzzled by the problem of not being able to get expected returns 
out of investments in advanced manufacturing technologies. 

Our results show that if a manufacturer is facing a more predictable market, i.e., i_ts customer requirements seldom 
change, product life cycle is long, and technological changes in the industry are slow, then simple automation of part 
or all of the manufacturing system will be enough to give the firm a significant performance improvement. When the 
firm can always predict customer needs and does not have to worry about its products getting obsolete, fixed 
automation of key processes of the system can surely improve productivity and quality. 

However, when the market environment is highly unpredictable, which is often the case for most manufacturers 
today, simple installation of automation equipment will not be sufficient. Instead, manufacturing system integration 
becomes a more important factor if firms want to reap the full benefits of automation. This finding is consistent with 
Vonderembse et al. (1997) case study results that under the chaotic post-industrial environment, firms generally 
perform better if they focus first on integration and then on automation. 

This study represents a continuing effort in addressing environmental and organizational contexts that are more 
conducive to higher manufacturing performance. The issues involved are both complex and substantive in nature. 
While the hypotheses developed in the present research represent our perspectives on the issue, there is scope for 
future research to extend this study in several directions. One, l,lsing the manufacturing performance measurement 
instrument developed in this study, the effect on manufacturing performance of other contextual variables can be 
theorized and then empirically tested. Secondly, the impact of automation and integration on some new dependent 
variables such as firm performance can be studied. Third, it will also be interesting to further examine the 
moderating effects of some other contextual variables such as firm size and industry type. Future_ research can also 
benefit from the use of multiple respondents to counter the likely effects of single respondent bias. · 

In conclusion, This research is one of the first large-scale empirical studies to address the complex interactions 
among manufacturing system integration, automation, environmental uncertainty, and their distinctive impacts on 
manufacturing performance. Valid and reliable measurement instruments for manufacturing performance and 
environmental uncertainty were developed to facilitate the study. The empirical results demonstrated that · 
automation and integration had different effects on manufacturing performance under different levels of uncertainty. 
These results · provide valuable implications for management efforts directed at improving manufacturing 
competitiveness in today's turbulent post-industrial environment. 
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Abstract 

A LITERATURE REVIEW AND DISCUSSION OF ISSUES IN THE 
MARKETING OF HIGH-TECH PRODUCTS 

Salil Talpade 
State University of West Georgia 

This paper presents a review of the literature on the marketing of high tech products, focusing on the differences 
between the marketing of such products and traditional products, and elaborates on several issues, which are specific 
to the marketing of high-tech products. A comprehensive definition is first developed of exactly what is meant by the 
phrase 'high-tech products', based on previous definitions and common usage. Three components, used together are 
used to define high-tech products. A product development. component, an industry component, and a consumer 
~omponent. 

Most previous studies, have agreed on the fact that the marketing of such products requires close attention to a 
number of issues which may have far more significance here than in the marketing of regular products. They have 
also agreed that most firms, which develop high-tech products, do not give adequate consideration to these 
marketing issues. For example, the primary tenet of marketing, market research to determine product demand, is 
often ignored in the case of high-tech products. New advances in technology are often incorporated into new 
products without considering the impact on the consumer. 
In fact, primarily market research, which provides a consistent and accurate assessment of consumer demand, along 
with the appropriate technological positioning, consumer education, and infrastructure for distribt1tion, appears to be 
the most common element in successful new high-tech product strategies. However, for a line or category extension 
strategy, the focus of research, seems to be more on the firm's current products and dissatisfactions with these 
products. 

In terms of marketing strategies, the consensus seems to be that innovative high-tech products must focus on market 
creation, identifying, targeting, and selling to a market's innovators and early adopters. A firms' long-run success 
increases with an increased degree of expertise in marketing strategy. For revolutionary innovations, most high-tech 
marketers tend to emphasize the technological component of their products and concentrate more on positioning and 
attack tactics than on market penetration or targeting. However, for innovations that were more an extension of an 
existing product, successful marketers tend to emphasize positioning and targeting. 
As the pace of innovation in high-tech products keeps accelerating along with increasing competition and rapid 
changes in market trends, it will become even more essential for producers of high-tech products to understand their 
markets well and to plan marketing strategies which are unique to these kinds of products. Much more research and 
discussion is therefore required in this area in order to increase such understanding. 

Literature Review and Discussion of Issues 
While numerous articles and books have been published on the marketing of high-tech products, very few of them 
have attempted to define what exactly they mean by the phrase 'high-tech products'. Most authors·either give no 
definition at all, or present short one-line definitions. Some tend to use this phrase as a synonym for computer related 
products (e.g., Davidow 1986). Examples of short definitions can be found in Mehr (1994), who defines high-tech 
products as "sophisticated products ... usually of a highly technical design" or Grunenwald and Thomas (1988), who 
define them as "products that are characterized by state-of-the art development, which typically have short and 
volatile lives". 

The few studies. that have given a more comprehensive definition seem to recognize at least three components that 
together could be used to define high-tech products. A product development compone_rtt, an industry component, and 
a consumer component. Meldrum (1995) seems to have the most comprehensive definition, when he defines high
tech products as products which, "l) have been developed in a highly technical environment; 2) incorporate new or 
advanced technology which acts as a focus for their evaluation; 3) are associated with a high degree of 
technologically based uncertainty on the part of both the supplier and the customer; 4) are not currently accepted as 
natural solutions for the problems they have been designed to address; and 5) do not yet have an associated external 
infrastructure. A few authors have focused more on the nature of the industry in defining high-tech products, for 
example Shanklin and Ryan (1984), see three industry related criteria as being key when defining high-tech 
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products: "1) The business requires a strong scientific-technical basis; 2) New technology can quickly make existing 
technology obsolete; 3) As new technologies come on stream their applications create or revolutionize markets and 
demand". 

Most of these studies, however, seem to agree on the fact that the marketing of such products requires close attention 
to a number of issues which may have far more significance here than in the marketing of regular products. They 
also agree that most firms, which develop high-tech products, do not give adequate consideration to these marketing 
issues. The primary tenet of marketing, market research to determine the demand for a product before production, is 
often ignored in the ca~e of high-tech products, because of the conventional wisdom that "if no market exists, and if 
potential customers are unable to adequately understand the product, then market research can oQly provide negative 
answers" (Brown 1992). New advances in technology are often incorporated into new products without considering 
the impact on the consumer. Higgins and Shanklin (1992), point out that a number of new products fail because 
"they offer no significant advantages to the user ... manufacturers can perceive product differences but consumers 
cannot". 

Davidow ( 1988) and Cahill ( 1993) also indicate that consumer education, another vital component in the case of 
high-tech products is also not given adequate consideration. Not only do the advertisements and other promotional 
literatures not give enough information but also the manuals that come with most technical products are 
incomprehensible to the average consumer. However, these aspects are changing in recent years (Verba 1993). The 
marketing component of high-tech products is gaining in importance with increasing competition in most industries, 
and because "most competitors are fairly good at other aspects like technology, manufacturing, and quality" 
(Davidow 1988). 

Zandan and Clark (1987) point out that much of the theory and methods developed by researchers were intended for 
mature and established markets and are not necessarily appropriate for a marketplace in which technology might 
have created the demand. According to these authors, .high-tech companies have to be technology driven as well as 
consumer and market driven. "Consumer fear, uncertainty, and doubts must be assessed and handled. Buyers need 
assurance that manufacturers will provide after sales service and support and will continue to improve the product. 
Innovative high-tech products must focus on market creation, identifying, targeting, interesting and selling to a 
market's innovat~rs and early adopters". 

The following aspects have been defined in the literature as being most critical in the marketing of high-tech 
products - technological positioning, consumer education, and infrastructure for distribution. Although positioning 
high-tech products is not an easy task, most successful positions seem to be those that focus on a limited number of 
attributes, and offer unique and significant benefits to the consumer (Thayer 1981 ). Consumer education usually 
revolves around the product itself as well as the credibility of the firm introducing the product (Meldrum and 
Millman 1991 ). Consumers need to develop a high degree of trust in the manufacturer's message, and to have this 
supported by demonstrations, warranties, and if possible, third party endorsements (H1ppel 1978). In terms of 
distribution infrastructure, the major problems are that even if the distributors and dealers are familiar with the 
technology, they may not have the capabilities to sell and support newer generations of the product (Macdonald 
1985). Manufactures therefore might have to carry a substantial burden in terms of sales, installation and 
maintenance. · 

Although most of articles in the literature are prescriptive in nature and authored by practitioners, who have had 
experience with high-tech products, there are a few studies based on empirical data. Easingwood and Beard (1989) 
report the results of a study of launch strategies in the U.K. for major new high-technology products, which indicated 
that their long-run success increased with the increased degree of expertise in marketing strategy. Four main groups 
of successful strategies were identified; 1) positioning the product in the market ( 45% of citations), 2) winning 
market support (28%), 3) Cooperating with other producers (19%), and 4) directly reducing the risk of adoption 
(9% ). Beard and Easingwood ( 1996), also reported the results of a detailed investigation into the actions and tactics 
marketers employ to launch new products. These results showed that for revolutionary innovations, marketers tend 
to emphasize the technological component of their products and concentrate more on positioning and attack tactics 
than on market penetration or targeting. However, for innovations that were more an extension of an existing 
product, successful marketers tend to emphasize positioning and targeting. 
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Firms' long-run success seems to increase with an increased degree of expertise in marketing strategy. The key to· 
this success, according to Swaddling (1996), and several other authors in the high-tech field, including Barczak 
(1994) and Zandan and Clark (1987), is primarily market research that provides a consistent and accurate assessment 
of consumer demand. Such market research along with the appropriate positfoning and consumer education (Zandan 
and Clark 1987) appears to be the most common element in successful new product strategies. 

Swaddling ( 1996), further states that in some instances, especially in terms of high-tech products, consumers might 
be unable to objectively assess an unfamiliar new product concept. The focus of research in such cases, according to 
the author, should be more on current products and dissatisfactions with these products. Although this approach in 
some instances may lead to new products that provide only incremental new benefits, it might be the best approach 
when the firm is contemplating a line or category extension strategy. 

Overall, as the pace of innovation in high-tech products keeps accelerating along with increasing competition and 
rapid changes in market trends, it will become even more essential for producers of high-tech products to understand 
their markets well and to plan marketing strategies which are unique to these kinds of products. Much more research 
and discussion is therefore required in this. area in order to increase such understanding. 
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Developing Interdisciplinary Synergies: 
The Participation Across Functional Areas in the 

Development of Communication Content of Corporate Websites 

Al Petrosky 
Edward H. Hernandez 

California State University, Stanislaus 

ABSTRACT: This paper focuses on the responsibility of developing and maintaining information content for 
corporate websites. An argument for removing this responsibility from the organization's public relations 
practitioners and placing it in the hands of a team representing all functional areas of the firm. Public relations 
theory on dialogic communications is briefly reviewed, providing five fundamental principles (the Dialogic Loop, 
the Usefulness of Information, the Generation of Return Visits, the Intuitiveness or Ease of Interface; and the Rule of 
Conservation of Visitors) which serve as an impetus for discussion of the optimal design of corporate website 
content, as well as suggest comparative and syncratic contributions from the distinct, represented disciplines on the 
website team. 

Introduction 

Imagine a world where information is disseminated on pieces of paper, its diffusion accordingly finite. The message, 
once committed to paper, is a static one, changed only when the current stock of printed paper is depleted. All of 
those people who are lucky enough to be among the recipients receive the same message, no matter what their 
interest in the subject, all in the name of communications economies of scale. And short of talking back to these 
little pieces of paper, the recipient has little opportunity to provide feedback to the message sender, or to ask the 
sender further clarifying questions. 

A nightmare, right? Little more than six years removed from the advent of the World Wide Web, this scenario 
sounds like ancient history. Corporations who used to speak to their many and varied publics largely through the 
printed word have embraced the concept of internet communication. They are attracted by promises of its relative 
advantages over printed media, enticed by the potentialities of interactivity with their publics, spontaneity and 
directedness of message, and freedom from the aforementioned economies of scale that lead to static 
communication. 

Web presence has become near-universal among companies in the United States. A perusal of the Fortune 500 
website (listing the highest-grossing U.S. firms) over the last few years would convince even the most jaded 
Luddite: a modest sprinkling of hyperlinked names of progressive companies in the mid- l 990s has become a virtual 
requirement of listing by the turn of the century. And while not approaching the ubiquity among their larger 
counterparts, small businesses have also caught the web bug: the number of websites among businesses with fewer 
than 100 employees has nearly doubled since 1998 (Anonymous 1999d), with growth primarily driven by the 
perceived ability to compete with their larger competitors on the even playing field provided by the web. 

And it's not just a matter of posting a few relevant facts about the company. Websites attempt to engage multiple 
p11blics with their efforts attracting customers, convincing investors, informing media, appeasing the communities 
within which they operate, and seducing potential employees. For example, a recent study reports that 67 percent of 
polled companies post job openings on the internet, with 81 percent of those posted directly to the companies' 
website (Anonymous 2000). But presence isn't everything -- attractiveness of the website counts, too: another study 
found that 25 percent of job seekers reject potential employers based on their websites (ibid.). Still another study 
indicates that nearly 90 percent of corporate websites have formal investor relations content (Anonymous l 999e ), an 
important consideration given that investors rely on website information more than any other source (Anonymous 
1999c). 

In short, the necessity of an attractive, multifaceted corporate presence on the WWW has become a foregone 
conclusion in American business. What hasn't yet been settled, on the other hand, are the mechanics behind the 
creation of web presence. In other words, who in the corporation is tasked with the creation and maintenance of the 
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website and its content? And, once we decide who is involved, what kind of content should be included? This paper 
examines possible answers to these two questions. 

Should PR Run Your Website? 

Who in the company should be involved in the creation of content for the corporate website? Typically, the public 
relations (PR) department has been relegated this function, largely on the basis of tradition. The task of informing 
publics about the corporation and its activities has historically been accomplished by PR departments through the 
designing and sponsor1ng/hosting of informational events such as press conferences and open houses, as well as 
more directed promotional devices utilizing print media, such as news releases, brochures, and r_eports. 

The question at hand is, should a profession so steeped in traditional approaches be afforded the responsibility of 
communicating in a non-traditional medium as the World Wide Web? Some critics suggest that the company 
entrusting website content to their PR department is running the risk that they'll tum it into another "boring 
corporate brochure (Seybold ·1996 p.3 7)." Does the PR practitioner view the corporate ·website merely as an 
extension of conventional means of communication, or do they recognize the new characteristics and capabilities of 
the medium? · 

Some evidence may be found in the types of websites that receive awards from professional public relations 
societies. In his critique of internet public relations practices, Marken ( 1998/99) describes such an "award-winning" 
site: 1) While the sponsor firm maintains operations across many industries, all company pages had to conform to a 
rigid, singular design; 2) No non-company solutions or partners were listed; 3) No technical information was 
allowed - it was to meant to be a promotional page only; 4) No direct access to divisional or product areas as 
allowed -- every visitor enters from main, PR-controlled page; 5) Departmental groups could submit information 
through the PR department, but could not post informational items directly. "Site visitors," says Marken, 
"express[ ed] their frustration with the web site ... [but] corporate public relations and communications people have 
said it's an award-winning site (p. 29)." The London School of Business recently conducted a survey of excellent 
corporate websites (Anonymous 1999a) and included the site for the Walt Disney Company -- a graphic-heavy, 
notoriously slow-loading website with poor indexing and branching pages devoted to selling the product-of-the
moment --- as one of their top ten. For their annual WebAwards, the Web Marketing Association includes 
interactivity and ease-of-use as criteria for judging, but only after design and content (see www.webaward.com ). 
Recognition of these characteristics as primary and laudable may be symptomatic of customary duties charged to the 
PR practitioner: taking company information and re-designing it for use by some generalized array of interested 
publics, a sort ofjUtration function. But does this function fully utilize the capabilities of the World Wide Web? 

Historically, PR practitioners have engaged in one-way, universal communication. In other words, communication 
materials are directed to a public, with little or no alteration of the message for different publics (sometimes also 
referred to as monologic/asymmetric communication, because the receiver/public has minimal input and minimal 
power in the relationship [Grunig 1989]). An examination of some normative articles directed at PR professionals 
only serves to reinforce the notion that they want to treat messages in new medium in this same fashion, ignoring the 
opportunity for interactive communication. Some focus on the WWW as a delivery system, trivializing websites in 
general as a key place to post information and e-mail as a great way to send news releases (e.g. Bobbitt 1995). 
Others trumpet specific places on the web to practice business-as-usual: to best utilize the WWW, the reader is 
exhorted to "Post your news to PR Newswire", "Monitor mentions of your corporation's name on E-watch", and 
"Pitch your stories to online newsletters" (Anonymous 1998). 

In face of such criticism, the PR community has provided curious response. To those who would relieve the PR 
department of their control of websites, Krauss ( 1999) explains, "PR professionals are more capable ... [ of filling] 
extraordinarily large blocks of information" than those who might replace them. To those who would give control 
?fwebsites to the more technologically savvy, such as IT professionals, Ryan (1999) reports the less-than
comforting results of a survey stating that 36% of those PR professionals responding plan to learn some HTML in 
the near future. 

These responses miss the point in three ways. First, filling pages with content alone does not utilize the potential 
interactive, two-way or dialogic possibilities of the WWW. Second, training PR professionals in the technology may 
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make them more cognizant of the web,s possibilities, but may not result in optimal communication. Third, 
exchanging one party for another may not be the optimal solution in terms of control of the corporate website. 

The Corporate Website Team 

So is the answer to give control of the website to some department other than public relations? Some who have 
criticized PR,s handling of websites would respond: give it to the IT.people, because they understand the technology 
behind the internet (Seybold 1996). We would ask them to bear in mind the old adage you don,t have to understand 
the internal combustion engine to drive a car: the technology already exists, it just needs to ~e used in a better way. 
Others may propose control given to operations because of their familiarity with the product, or to marketing for 
their expertise in targeting messages. No one department would probably fare any better, some possibly worse -
considerably worse. No individual department has intimate knowledge of every one of their corporations interested 
publics, no one department owns the knowledge about the product or the company that any interested party may 

· seek. 

Consider the different publics the corporate website might serve. There are the media, the community within which 
the corporation operates, the government, and activist groups. Public relations professionals are well versed in the 
art of communicating with and appeasing these groups. But what about end consumers, organizational consumers, 
investors, and employees? Does the public relations department have any natural affinities with these groups? Surely 
the marketing department understands individual consumers and their need to know about the product, its price, its 
availability, and so on. Marketers may also be the natural party to address organizational consumers, along with 
members of production to deal with more technical issues about product, especially considering the customized 
products that organizational buyers might require or the opportunity for partnering. And who would know the 
desires of the financial community better than the company's own finance department? And the Human Resource 
department probably has a pretty good handle on what their employees would like included on the company website. 

So do we give each department in the organization their own website? Surely that would confuse the visitor, 
disregards the commonality of need for particular types of information across publics, and ignores potential 
interdepartmental creative synergies. The answer is to create a team built from m~mbers across the disciplines, 
across the departments of the company and invest in them the ownership of the website. This team approach would 
conform to the vision of organization theorists who espouse a post-modern organizational paradigm, with "diffused 
power" and "chaotic flows of ideas and information" necessitating an interdisciplinary focus, replacing an 
increasingly non-competitive traditional hierarchical structure (Barker et.al. I 998, Jenner 1994). The team approach 
would also fit one of the central tenets of relationship marketing, which is to forge more seamless contacts among 
the customer -- and for our purposes here, we may extend that notion to all publics, not just consumers -- and the 
provider of the product or service. And those contacts are not just with communications specialists, but with the 
company as a whole; as an expression of representation and commitment to the organization and to its 
customers/publics, teams can better exploit the potentials of customer relationships (Helfert and Vith 1999, Marken 
1998/99). The interactive, dialogic ideal necessitates publics' access to the entirety of the firm, not just 
representatives. 

What Does the Team Do? 

Once the corporate website team is convened, what exactly do they do? 

d Brainstorm affinity group needs/wants. What kinds of information and/or relationship does the customer want? 
What does the community want, what does the media want, etc. Approach each as a segment with its own 
inherent and idiosyncratic set of desires. 

□ Brainstorm ways of combining information to facilitate flow. Information flow on the web is essentially non
linear (Holtz 1999), and thus affords the layering of information by degree of detail, with different publics 
requiring different degrees of detail, led through to their proper, favored proportion by hyperlink. 

□ Foster relationships through creation of dialogic content. Provide procedural means for two-way, symmetric 
dialogue 
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What types of content lend themselves to building dialogic relationships with publics? Kent ( 1998/99), and in a 
more simplified manner Kent and Taylor ( 1998) outlined five distinct principles website builders should observe to 
foster dialogue with their company's publics: 

Principle One: The Dialogic Loop 
"One benefit of the new technologies is that they allow feedback from audiences to be embedded in 
the public relation tactic itself. Thus, a feedback loop is an appropriate starting point for dialogic 
communication between an organization and its publics (Kent and Taylor 1998, p.326)." 

For example, the website should include running chat rooms, discussion groups, or comment bo_ards, or - at the very 
least - e-mail links or contact addresses to information officers or other corporate representatives. Team Issues 
would include: 1) What feedback is required of each public? 2) How many contact addresses, who are the contacts, 
and on what pages do they appear? 3) Which informational needs. are unique to a given public, and which are 
repetitive across publics? 4) What crossover opportunities? 5) Are FAQ pages enough? 6) For each public, which 
informational needs are primary, which secondary? · 

Principle Two: The Usefulness of Information 
"Sites should make an effort to include information of general value to all publics, have something 
of on-going value to offer visitors (Kent and Taylor 1998, p.327)." 

Following this principle, the website should also include items such as indexical apparatuses and links to other 
related websites. On the customer-relations side, this may also include devices such as collaborative filters; with 
collaborative filters, the customer inputs preference judgments of products or product attributes and receives 
recommendations for new purchases based on the preference data of other customers with similar tastes or 
requirements (Gladwell 1999). Team issues may include: 1) Reconsidering uniqueness of informational need, is 
there an integrative rule to apply to the presentation of information, or the degree of detail at any given level in the 
website? 2) Is there a single portal, or multiple portals for the myriad publics? 3) One website, or many? 

Principle Three: The Generation of Return Visits 
"Sites should contain features that make them attractive for return visits (Kent and Taylor 1998, 
p.329)." 

Dialogic relationships are also facilitated by the inclusion of regularly-updated information, changing issues, on-line 
question-and-answer sessions, FAQs, downloadable information, games, and the like. Team Issues may include: 1) 
What are relative technical abilities of publics? 2) To what use do they put information? 3) Tracking user visits to 
sponsored websites, and mimicking their promotions. 

Principle Four: Intuitiveness/Ease of interface 
"Visitors who come to web sites for informational purposes or even for curiosity, should find the 
sites easy to figure out and navigate. (Kent and Taylor 1998, p.329). " 

A page should have well-organized and hierarchical tables of content, high text-to-graphic ratio, few gratuitous 
special effects, and an emphasis on the organization rather than on the style of the page As Kent (1998/99) 
states:"websites that are rich in ambience often do so at the expense of content." Team issues may include: 1) Do all 
publics appreciate economy of design? 2) Are bells and whistles an indicator of organizational commitment to web? 

Principle Five: The Rule of Conservation of Visitors 
"Designers should be careful about links that lead visitors astray. (Kent and Taylor 1998, p.330)." 

.The website content designer should attempt to minimize external links, or embed visited sites within frames that 
maintain the visitor within easy reach of the original site. Team Issues may include: 1) Which publics most likely to 
be led astray? 2) How to encourage flow internal to the site, as opposed to outside the site? 3) Are internai publics 
(i.e. employees) more si!e loyal than external publics? 

Given these principles, the corporate website team should be able to create a website that goes beyond that of 
another "boring brochure". Interdisciplinary commitment should assure the multiple perspectives necessary to attract 
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and serve multiple publics. Adherence to the five outlined principles will tum the virtual brochure into a meeting · 
place of sorts, and encourage the dialogue necessary to building relationships with those publics. 
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PEOPLE READING AS A SALES TOOL 

Kaylene Williams 
California State University, Stanislaus 

INTRODUCTION .. 

People in marketing and sales tend to use their "gut feeling" more than others. For example, approximately 89% of 
marketing professionals frequently use their intuition to direct some part of their decision making. (Keen, 1996) 
Similarly, the adept seller uses the skill of people reading. That is, the seller seeks out verbal and nonverbal clues, 
signs of information, or nexus of behaviors that can be used to assess what people are like, how to communicate 
_with them, if they are ready to buy, and unfortunately how to manipulate them. People reading can be a valuable 
skill but it needs to be used by the seller responsibly. This paper defines what is meant by the term people reading. 
Suggestions for improving the seller's people reading skills in general are given with specific signals or clues that 
can be used to read people. Specific clues or signals are provided in seven areas: physical appearance, body 
language, voice patterns, communication techniques, the content of what is said, their actions, and the environment. 

. . PEOPLE READING DEFINED 

"People reading" frequently has been defined in terms of nonverbal communication. While this probably is 
appropriate, it may not be complete. So, let us begin by acknowledging what people reading is not. It is not 
telepathy, not psychic ability, not mysticism, not people who talk to spirits, not magic, and not mesmerism. Here 
are some actual definitions of people reading: 

• People reading is "neither a science nor an innate gift. It is a matter of knowing what to look and listen for, 
having the curiosity and patience to gather the necessary information, and understanding how to recognize the 
patterns in a person's appearance, body language, voice, and conduct...ability to see the pattern of someone's 
personality and beliefs emerge from among often conflicting traits and characteristics." (Dimitrius, 1998, xiii) 

• Reading is "(1) to receive or take in the sense of, (2) to interpret the meaning or significance of, (3) to 
recognize or interpret as if by reading, ( 4) to learn the nature of by observing outward expression or signs, and 
(5) to acquire information from storage and to sense the meaning of data in recorded and coded form." 
(Merriam-Webster, 1999) 

As such, it appears that reading has an exterior focus of collecting data about a person or situation and interpreting 
it, just as if one were reading a book. People reading basically says "I see or feel or experience this in someone else 
indirectly .. .! am aware of this in them ... it is their experience that I am viewing as on a TV .. .it is not my own direct 
experience." The key to people reading is awareness, awareness of what is outside of us and of what something 
outside of us is saying or portraying to us. That is, people reading is "other" reading or awa~eness of someone 
else's position or experience. That is, the seller as reader is aware indirectly of what it is like to "walk a mile in 
someone else's shoes." 

PEOPLE READING SKILLS CAN BE IMPROVED 

Not much has been written about the people reader or about the use of people reading skills in sales. In general, 
however, people readers are people persons who have spent their lives communicating with others. They pay 
attention to and are more attuned naturally to others. They are not aloof or distant. People readers know that people 
have hidden messages that can be easy to decipher once one knows what to look for and how to interpret certain 
signals. 

"Is 'people reading' an innate gift or an acquired skill? It's definitely a skill, but like all skills, some people are 
inherently going to be better at it. However, everybody has ability to read people better than they do. Just like 
everyone can learn to bowl, if they practice." (Sunoo, 1998, 76) Or, just as one can improve one's capacity to read 
books, one also can improve his or her ability to read people. (Sunoo, 1998; Gilleland et al., 1999; Margoshes, 
1998) The following suggestions are provided for improving the seller's people reading skills: 
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• Do not miss the subtle clues that people unknowingly give. Look beneath the surface. Constantly 
look for clues. Keep updating your information. If you have a sense that something still does not fit or ring 
true, then listen to that sense and act accordingly. Do not overlook warning signs thinking that people can 
change. 

• Ask the right questions and listen with all of your senses. Keep the focus on them and do not talk too much. 
Avoid reading others according to your own idiosyncrasies or preferences. See people realistically. 

• Watch people in various situations and see the patterns in a person's traits that point in a particular direction. 
Know the people traits relevant to your business. 

• Look at the whole package of clues and not just one or two. Find a nexus of relevant data.- Spend enough time 
to gather all the necessary data. 

• Train yourself to read people. Test it. Have someone else read with you and then compare notes. 
• Get to know a person's baseline and then you can see when Someone deviates from the norm. Ask some simple 

questions to check out facial and body movements. A person will usually use the same micro expressions when 
being honest. Then, ask what you really want to know. Notice any abrupt changes. · They signify that some 
closer inspection is needed. As noted by Dimitrius ( 1998, 41 ), "[If I] could deliver one message, it would be 
that to read people effectively you must gather enough information about them to establish a consistent 
pattern." 

• Emotion can cloud our reading. Be careful not to attribute our "stuff' to them. Using mental shortcuts, 
biases, or false beliefs can undermine accuracy. 

• Beware of the con artist's impression management. Pay attention to first impressions. Others also are learning 
how to be better at impression management while we are trying- to improve our reading of them. Clues may get 
subtler as you interact more with them. Try to determine the method and the motive. "Anything unusual is 
usually important in understanding people." (Dimitrius, 1998, 29) 

• Be careful to not take on other people's energy qr situations. At some level of people reading in order to get an 
accurate assessment, you may enter into their space or boundary. Be careful to not violate their free will or 
privacy. This requires the reader to have strict boundaries that are honored and maintained. It also requires 
permission to be reading someone else. · 

• Just know that we are surprisingly bad at discerning real emotions or intentions behind other's facial 
expressions.' Men are worse at it than women. Earlier childhood and lifetime experiences may cloud our 
reading ability particularly in some areas. Different cultures have different mannerisms and signs of underlying 
behavior. However, many facial expressions are interpreted universally. Six basic or universal expressions 
appear to be hardwired to our brain: anger, fear, sadness, disgust, surprise, and happiness. (Blum, 1998) 

• Strong signals are easier to detect. Subtle signals have a higher tniss rate. 

SPECIFIC SIGNALS THAT CAN BE USED TO READ PEOPLE 

"I can't believe I didn't see the signs. They were right there in front of me! How could I have been so blind?" 
(Dimitrius, 1998, 3) Sound familiar? When reading a person, a seller must look for patterns in a person's traits and 
characteristics that point in a particular direction rather than isolating only one specific trait and ascribing it with 
meaning. As such, a sel1er should gather clues or signals across seven basic areas when looking for patterns: 
physical appearance, body language, voice patterns, communication techniques, the content of what they say, their 
actions, and the environment. (Sunoo, 1998) Described below are some of the clues or signals to look for in each 
of these seven areas. (Sunoo, 1998; Frain, 1998; Kalajian, 1998; Colberg, 1998; Margoshes, 1998; Phipps, 1998; 
Bell, 1999; Adams, 1996; Bond, 1999; Fatt, 1999; Futtrell, 1999; Boorom et al., 1998; Comstock et al., 1997) 

Physical Appearance 
The face has 44 muscles that can form 5,000 expressions. These expressions can become etched on the face and 
hence are readable. The art of reading faces or Siang Mien has survived in Chinese culture for over 3000 years 
(Wise, 1998). For example, deep set eyes are associated with being reflective, reserved, cautious, and observant. 
Eyes spaced more than one eye's width apart are associated with far-sighted imagination and the hating of details. 
A jowl indicates power ,and the ability to exercise it but a flabby jowl shows fallen power or energy. A covered 
mouth may show nervousness while thick full lips indicate generosity, and thin lips indicate conciseness with words 
and selective generosity to those close to us. A smile usually is viewed as open and friendly, however, a smile most 
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often is used to mask one's true emotion. Some 19 versions of smiles have been identified so far (Blumf 1998). If 
people do not look you in the eye, it may be that they are dishonest, nervous, distracted, thinking, being polite, or 
from another culture. Wide set eyes are viewed as tolerant, flexible, and forgiving. Staring is seen as confrontative, 
aggressive, and hostile. Low set ears reflect idealism. People with ears set above the base of the nose tend to be 
more realistic in their approach to life and relationship and see people and situations as they are. Bushy eyebrows 
indicate a nonstop thinker and tangled eyebrow hairs point to an unconventional thinker who sees all issues and 
attracts conflict. Individuals with flat eyebrows set closer to the eyes tend to be more direct in their speech and want 
the bottom line quicker. Arched eyebrows indicate a need for more description and elaborate details. An angular 
down-turned nose shows shrewdness, financial shrewdness, and ability to judge value. -Embarrassment may be 
shown with a nervous laugh, averting eye contact, shaking head, blushing, hands coming up to cover the face, 
rubbing the side of the nose, trying to appear smaller, shrinking into ourselves, or leaving the room. Fear may be 
indicated with eyes wide open, screaming, gulping or swallowing, shaking, or licking lips. A blank look may 

_ indicate mental or physical illness, duress, or shock. Depression may be indicated by withdrawal, talking less, the 
normal expression of the face shut down, distress, or detachment. A broad face indi~ates confidence while a narrow 
face is seen as more cautious needing more information and more time to think. A face showing interest and 
attention is seen as more credible, a fallen or bland face has probably found something to be not important. A facial 
change may indicate a need to elaborate on something important to the person. A head turned away is viewed.as not 
good, an averted face may show an averted heart (Lowndes, 1995). A face with an expression of dullness is 
associated with having no dynamism or low energy. Interestingly, a lack of facial animation may interfere with 
forming relationships (Blum, 1998). Very importantly, the discrepancy between what our faces show and what we 
think they show is large and even more so for negative emotions (Psychology Today. 1995). As a final note, 
altering one's appearance (e.g., face lift) will not change behavior (Management Services, 1999}. 

Body Language 
Body language in particular must be viewed as a nexus of signals. (Raudsepp, 1993; Waltman et al., 1993; 
Marchetti, 1996) Reading only one clue may lead to misinterpretation. Gestures increase the impact of the 
communication but the lower on the body the gesture, the lower the energy and influence. Gestures are best done 
with hand, arms, or head and should be done without nervousness or unnaturalness. Handling a product shows that 
the person is not aloof or separate in that it is a subtle bond. Crossed arms tend to show being defensive, cold,· 
holding back, stress, and tension. Holding the arms crossed also can indicate stress. Open palms indicate sincerity 
and openness. Pointing at the listener may be seen as aggressive and hostile. Leaning closer to a person shows 
interest and a lack of defensiveness. Nodding indicates agreement and understanding. Hands clasped behind the 
back show anger and frustration where hands clasped behind the head show arrogance. Posture (The American 
Salesman, April, 1996) involves the movement of the body as a whole. A closed posture of folded arms and crossed 
legs may show a closed personality, aloofness, rejection, and lack of confidence. An open posture has arms spread 
in a relaxed manner, leaning forward, and is seen as curious, intense, and more confident. It is best to not lean 
against walls or doorways. Changing posture periodically shows confidence. Squared shoulders to your client 
shows honesty and approachability. Shoulders down and hunched a bit can indicate ease, not being afraid, not · 
being at attention, and being relaxed. If the body is turned away, it may signal objections ·<?r a cold shoulder 
(Lowndes, 1995). Leg and foot movements can show discomfort. Legs off to the side may be seen as less open 
and straight forward and even dishonest. Encroaching on one's personal space can show aggression and 
insensitivity. When people like each other, then there is less distance between them (Abrams, 1994). A space 
invader is viewed as back slapping, arm gripping, hand crushing, and in your face (Management Today. 1996). If 
one is taller, then try to minimize the difference. Power or the lack of power can be displayed by rigid attention, 
saluting, stiffness, and not being at ease. Resentment can be seen by crossed arms, stiffened body, pouting, and 
looking away. A good handshake needs to reach all the way into the other person's hand, matching their pressure. 
A deep breath followed by a sigh of tension relief may indicate that a decision has been made. Distracting sounds 
and movements include twisting a ring, drumming a pen, playing with hair or an earring, and picking one's 
fingernails. The colors of clothing can communicate messages, e.g., black-death and depression, purple-sickness 
and nausea, and yellow-will cause irritation to the retina of a person over 50 in 5 minut~s. If we are misaligned or 
uptight, people tend to resist our comments. If we are more relaxed, then others will respond more positively to us. 
(Anderson, 1998) Attractive people are found to be more credible. (Trumfio, 1994) In general, people tend to 
believe the nonverbal message over the verbal (Abrams, 1994). 

257 Proceedings of the IEMS 2000 Conference 



Voice Patterns 
Approximately 55% of a communication is nonverbal while 38% is tone of voice and 7% is actual words (Metcalf, 
1998). A long answer with a lot of extraneous volunteered information may indicate lying. The phrase "in all 
honesty" may be a tip-off for deception. If you are speaking to someone who is visual, use visual words. If you are 
speaking to someone who is feeling, use feel words. Create visual paragraphs with your voice to let the client know 
where you are at in your speaking. Different people have different communication styles such as dominant, 
interactive, steady, or cautious (Metcalf, 1998). Know how to speak to each of these styles. The seller needs to be 
aware of what quakes, shakes, volume, and tentativeness mean in the client. If a person is silent, he or she may be 
tuning you out. If the client is dropping out · of the conversation, then the seller needs to ask an open-ended 
question. (Siegel, 1997) 

Communication Techniques 
How does the person answer a question, with a question or by rambling. How we answer a question may indicate 
defensive behavior, self-glorification, exaggeration, ingratiating behavior, self critici~m, or gossip. Humor can be 
used as a shield. "Just kidding" often means one is not kidding at all. Is the person trying to direct or control the 
conversation, what is their method and motive. Manipulation can be shown by manipulative answers, 
nonresponsive behavior, short answers, or answering a question with a question. Subterfuge also may be shown by 
pregnant pauses, interruptions, ramblings, and changing subjects. A loud voice may be used to control others or 
compensate for smallness. A soft voice may show lack of confidence. A halting voice could be calm assurance or 
indicate ease of being swayed. Fast speech could mean someone is nervous, anxious, or angry. Slow speech could 
indicate thoughtfulness, lying, or confusion. In general, the technique of mirroring someone else's body language; 
appearance, and energy level will enhance rapport unless it is done too insensitively and obviously. (Trumfio, 1994) 
Here is a good example of communication technique: Queen Victoria and her husband Prince Albert quarreled 
about something early in their marriage. Prince Albert walked out of the room and went to his private quarters. The 
Queen followed, found the door locked, and began pounding on it. "Who's there?" Albert asked. "The Queen of 
England" was the reply. The door remained locked. More pounding followed, but then there was silence. The next 
sound was a gentle tap. "Who's there?" Albert asked. The Queen's reply: "Your wife, Albert." He opened the 
door immediately. (The American Salesman, 1996, September, 20) · 

Content of What Is Said 
Lower credibility is portrayed through low eye contact, shifting eyes, looking down, weak voice, speaks too slowly, 
long pauses, repetition of words, uhs, poor pronunciation, and a monotonous pitch. No interest is portrayed in an 
immobile face while an interested face shows nods, smiles, raised eyebrows, and quiet uh-huhs. What a client 
comments regarding hobbies or TV shows may indicate whether he or she is active or passive. People pattern 
mental attitudes or content material, e.g., the complainer, the I'm entitled, emotionally needy, what's in it for me 
mentality, negative person, and know it all. As sellers, our content must be specific and tactful to their 
communications. The extrovert is other centered, getting energy from and focusing on people and things outside 
him/herself. The extrovert asks "how do I relate to other people and this?" The introvert is self centered, self 
contained, self reliant, and tuned to an internal frequency. The introvert asks "how do people or things relate to 
me?" Defensiveness may be seen in crossed limbs, clenched teeth and lips, averting eye contact, and squaring the 
body in a confrontational way. Openness may be indicated by prolonged eye contact, warmth, relaxed smile, firm 
hand shake, kissing or embracing when greeting, standing close but not within someone's personal space, nothing 
crossed, open suit jacket, and facing the person to whom one is speaking. Sexual attraction is shown by making eye 
contact, laughing, staring, winking, blinking, wetting lips, flipping head or hair, intent listening, walking with a 
swagger or wiggle, or entering someone' s personal space. Dishonesty is a combination of verbal, vocal, and visual 
cues, e.g., decrease in hand gestures, hand to face contact increases, sweating, shaking, sincere furrowed brow look, 
hand shrugs, running tongue over teeth, inappropriate familiarity, increased voice inflections, squirming, and 
sudden increase in voice pitch particularly at the beginning of the conversation (Zilke, 1996; Siegel, 1997). Anger 
is indicated by arms/legs/ankles crossed, short or rapid breath, stiff rigid posture, and pointing fingers. Emotional 
sensitivity may be associated with thin/soft/looser or porcelain like skin, greater impressionability. Decisive and 
high energy types tend to h~ve more resilient, thicker, firmer, and tighter skin. Thin and fine hair indicates that 
refined emotionality and quality is important. Thick or coarse hair indicates an action orientation, ruggedness and 
more focus on strength and quantity. Argumentativeness or stubbornness may be signaled by an angular, wedge 
shaped chin. A more wider, rounded chin indicates cooperation. Money making ability is shown by an angular 
downturned nose, a nose for good value and good price. An upturned nose is more indiscriminate with money. 
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Self confidence is associated with broad faced people who go after what they want. Thin faced individuals seem to 
lack natural confidence and must learn to be confident. (Roman, 1998) People with ears that appear to sit further 
away from the sides of the head are very possessive and have extreme need to collect people, things, and money. 
Individuals with larger irises are more apt to express their emotions, be sentimental, be romantic, and tend to fall in 
love quickly. People with smaller irises are reserved emotionally, self-centered, slower to develop feelings for 
others, and less apt to express themselves. 

Their Actions 
In particular, there may be contradictions between what a person says and does. You never really know a person 
until you see what choices he/she makes. For example, a skeptical and less trusting person is more apt to watch 
cynical TV programs. A compassionate person is a better team player, less judgmental, more honest, has a better 
attitude, agonizes more over the effect of his/her decisions -on others, and is not as decisive. A harsh person is more 
s~lf centered, critical, unforgiving, more analytical, quicker judger, and does not care as much about consequences. 
A person who is satisfied with life will tend to be kinder, respectful and friendly w_ith employees, probably self 
confident, compassionate, and generous. If a person never achieved what he/she wanted, then he/she may be more 
critical of others and judgmental. If a person came from a supportive background, then he/she is more likely to be 
supportive. If a boss treats employees like servants, then he/she is more likely to be insecure, domineering, 
insensitive, and uncaring. Exaggerated movements or extreme enthusiasm often are a bluff and may indicate 
changing of the mind or dishonesty (Stettner, 1997). Thumbs up show pleasure, success, victory, or playfulness. 
To recognize a person's hot button, look for changes in behavior as signals that you are on a topic of concern. 
Excitement is shown by dilated pupils, higher/thinner voice, rapid blinking, flushed face, rapid/shallow breathing, 
avoidance of direct eye contact, and may shift to rapid body movement. The body will shut down in a perceived 
crisis or unfamiliar situation. In times of fear, hearing may diminish, there may be mild discomfort, peripheral 
vision can diminish, and taste can diminish. Questions can reveal more about who we are rather than answers, i.e., 
they get to the core of our thinking process. 

Environment 
A comfortable environment (Adams, 1996) fosters trust. Look at the car, home, or car trunk .. .is it messy, 
meticulous, artistic, or careful. A messy desktop may signal a messy, disorganized person. Environments have 
personality, so look at what a person surrounds themselves with, e.g., calendar, what books and if read, pictures, 
degrees, aesthetic objects, etc. If they have plants and flowers around them, it may indicate sensuousness, 
sensitivity to beauty, and hospitality. What does the artwork hanging on the individual's wall say about the 
individual. In the environment, seating arrangement is very important as seating position affects leadership. Team 
seating should place members on an equal level. A leader often will take a higher seating position. It is best to 
position yourself to face as many people in the group as possible. Side-by-side seating minimizes communication 
while face-to-face communication is optimal. Also, look at who a person surrounds him/herself with. Try taking a 
person out of his/her comfort zone to see how he/she really behaves. Past environment and cultural influences also 
are important to consider or understand. These influences often are complex and difficult to recognize given that 
cultural influences include race, national origin, religion, age, geographical origin, sexual orientation, economic 
background, profession, and the individual's other peer groups . . (Sunoo, 1998) 

CONCLUSION 

The seller's mastery is improved through accurate people reading, that is, the outer reading of another individual's 
experience. or situation. To increase the seller's effectiveness and efficiency, general and specific suggestions were 
provided regarding how to successfully use people reading. In general, people reading results can be improved by 
reading all the pieces of information from the other person and the situation as well as any responses or resonations 
triggered in oneself. The seller should consider all of these pieces of information as· he/she looks for a nexus of 
truth or understanding on which to act. 

"In the new science, the underlying currents are a movement toward holism, toward understanding the 
system as a system and giving primary value to the relationships that exist among seemingly discrete 
parts. Donnella Meadows, a systems thinker, quotes an ancient sufi teaching that captures this shift in 
focus: 'You think because you understand one, you must understand two, because one and one makes 
two. But you must also understand and.' When we view systems from this perspective, we enter an 
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entirely new landscape of connections, of phenomenon that cannot be reduced to simple cause and 
effect, and of the constant flux of dynamic processes." (Bruskin, 1998, 248) 
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ABSTRACT 

Many believe that e-commerce companies such as Amazon.com and eToys.com are the models for the future. 
However, that remains to be seen. Past shifts in business models or products have shown the survival rate of firms 
in a new paradigm is extremely low. Furthermore, the experiences of firms like IBM have shown that large 
companies can enter markets late and because of their size and name/brand recognition still become market leaders. 
Many of today's dot-com firms are at the beginning of the learning curve. They are operating in real time (internet 
time), trying to get up and running, hiring new recruits, developing products and services, advertising to achieve 
name and brand recognition, acquiring funding, and building sales. It now appears that the large bricks and mortar 
firms are about to enter the e-commerce world in a big way. Wal Mart has joined AOL and K-Mart has allied itself 
with Yahoo. Will the new concept dubbed "360-degree marketing" burst the bubble of many of the e-commerce 
firms without store fronts? What will the next Christmas season look like in the e-commerce world. This paper will 
discuss the dynamics and the future of the world of e-commerce. 

INTRODUCTION 

The bell has rung. Round One - The internet provides a new way to reach consumers. Round Two - A new breed of 
retailers is launched, e-retailers (i.e., Cdnow, eToys, Etrade). The traditional retailers remain on the sidelines and 
watch. Round Three - There's movement afoot. Wall Street falls in love with the simplicity of the web company 
model (no physical stores, apparently less expenses and the allure of future earnings potential). Round Four;. The 
traditional retailers (bricks-and-mortars) begin test market the idea of web sites and the e-commerce model. Round 
Five - A few bricks-and-mortars enter the foray with little success (i.e., Toys Us). Round Six - Mergers and alliances 
begin (i.e., Wal Mart/AOL, Kmart/Yahoo). Rounds Seven through Ten - The slugfest begins. Competition will be 
hot and heavy. Rounds Eleven through Fifteen -The maturity of the marketplace. Who's left standing? 

The final rounds will be fast upon us in this new era of e-commerce, especially where everything is moving at 
internet speed. The questions that will be answered in the final rounds of this highly competitive marketplace are: 
Who will be left standing at the end?, Could we have a TKO or knockout punch before the late rounds of this 
slugfest? Will history repeat itself as Warren Buffett has predicted through his analogous comparison to the 
automobile and airline industry? (Buffett 1999) Will the bricks-and-mortars blur the company image of their 
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product much the same way that U.S. car manufacturers adapted an all world approach to their product? This paper 
will present and discuss several factors that will influence the makeup of the future retailing market. 

THE NEED TO ENTER THE E-COMMERCE MARKET 

In their report, Forrester Research states that on-line retail spending will grow from $20.3 billion this year to $184.5 
billion in 2004 (Feldman 1999). However this still represents only 7% of all retail spending (Farrell 1999). But, 
it's.the investment market, the potential of thee-retailing firms ability to build brand awareness of their service and 
get a foothold in the marketplace, and awareness .that the internet model may be the wave of the future that has 
forced the traditional retailers to enter the market now. 

The internet model is difficult for most people to understand. Firms are given large amounts of money for a vision 
with little hope of profits in the short term. As Bhide (Gendron 2000) states, "We have broken a critical link. 
Financial markets used to take their cue from the real markets and.provide capital to companies that demonstrated 
some evidence of profitability (p. 114 )." This model has created companies with large amounts of money at their 
disposal to attack the retail industry, and firms with large amounts of money can cause havoc in any industry 
(Gendron 2000). The traditional retailers now appear to be taking the dot-corns as a serious threat and are 
beginning to enter the e-commerce field to protect their retailing turf. 

The 1999 holiday season was the first for the brick-and mortar stores to enter the on-line market wit~ a significant 
presence. It appears that bricks-and-mortars still have much to learn about this new phenomena of on-line buying 
(i.e., ToyRUs). Some would argue that the bricks-and-mortars have waited too long to enter the on-line market and 
that dot-corns are so far ahead that they don't have a chance to catch up. However, it appears there are several 
factors present that will make the bricks-and-mortars formidable foes and probable winners in this new marketplace. 
Some of these factors include: brand awareness, customer trust, and power of force of the bricks-and-mortars along 
with the restoration of the old valuation models. Eacl~ of these factors will be discussed and how they will impact 
the competitive landscape of the retailing market. 

BRAND AWARENESS 

Branding is crucial in the e-commerce model. It reduces customers' perceive monetary, social and safety risk of 
buying products over the internet (Berry 2000). Bottomline, a strong brand provides a safety net, an alliance of trust 
in the service and product (Richards 1998) and the promise of future satisfaction (Berry 2000). Any firm that has 
positioned its self well within the targeted customers' minds will contribute to its market share (Berry 2000). 

The dot-corns are duking it out to gain this brand recognition. Dot-corns have opened their war chests of money and 
have turned the advertising world upside down. They are advertising everywhere. They are hoping that through 
advertising that brand awareness will be created and deliver the knockout punch to become the winner in this new 
marketplace of e-commerce. This fight to gain awareness was quite evident at a recent sporting event, the Daytona 
500. At this event, Monster.com had a blimp circling the racetrack, while other dot.corns, had planes with banners 
attached to them, had planes that were spelling their names with exhaust fumes, sponsored several race cars, 
delivered ads on network television, and located RVs in the infield with banners. They are working to be heard 
above all the noise in the marketplace. Everyone is trying to break through the clutter. They must be heard above 
the many dot-corns that offer similar services as well as build a brand that is distinctive from the traditional retailers. 

However, branding does not occur overnight. Dot-corns are trying to attain something in a matter of months that 
took companies like Wal Mart; Kmart, and Sears years to establish (Red Herring 2000 ). According to Ries and 
Trout (1986a) we are in an overcommunicated society. They state, "To succeed in a overcommunicated society, a 
company must create a position in the prospect's mind, a position that takes into consideration not only a company's 
own strengths and weaknesses, but those of its competitors as well (Ries and Trout 1986a, page 24)." Based on the 
many forms of aqvertising that the dot-corns are using, it would appear that what is really being accomplished is 
name recognition rather than brand awareness. To illustrate the difference, both McDonald's and Wendy!; are well 
known but both have images that are quite different. Dot-corns may be well known but they have not established 
brand awareness (Hatlestad 2000). 
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Finally, today's marketplace features demanding consumers, multiple media deliverers, fragmented chan~els.and a 
complex technical environment that enables anyone in the industry channel the opportunity to become the brander 
(Leventhal 1996). To add more fuel to the fire, the manufacturers have entered the internet world. Proctor and 
Gamble has formed a partnership with IVP and has developed a web site, reflect.com that will sell personalized 
cosmetics to consumers (Himelstein and Galuszka 1999). Also, Intel has done a great job as manufacturer of 
memory chips by establishing brand awareness among consumers. The additional competition of branders will 
further complicate the success of the dot-corns in their effort to buil~ brand awareness. 

TRUST 

Consumers need to trust the product or service they are purchasing. The customer is the success to any business. 
The firm that know their customers best and executes the proper strategy to satisfy the consumer needs better than 
its competitors will win the most market share. Compan.ies that forget the importance of acquiring the trust of the · 

· consumer will be in peril (Inc. Tech 1999). 

Trust is built through the ongoing exchanges between the customer and the firm. However, it begins with the first 
purchase. We have all been taught the importance of the first impression. Based on the recent holiday season, 
many of dot-corns and brick-and-mortars that entered the e-commerce field would like to have a do over (Solomon 
1999). Many products were out of stock, some of the web sites were down or very slow in loading, and many firms 
could not guarantee delivery of products by Christmas Day (Solomon 1999). Although this is no different than long 
lines at the checkout counter or empty stockshelves at the traditional bricks-and-mortars, consumers have already 
had many holiday experiences with these firms. So this is not a first impression and furthermore, at times they have 
come to expect this outcome. They have been sold a different bill of goods from the dot-corns and that is ease of 
purchase, and a savings of our time. When these expectations are not met: we ask the question. Do we expect this to 
occur again? If the answer is yes, there is a high probability that we will not return (see Folger;???? for an 
explanation ofRCT theory). Thus, dot-corns have been faced with the problem: How much do they promise? If 
they promise too much and fail to deliver, they will lose the trust of the customer that they need to build brand 
awareness. And without brand awareness, market share growth is difficult. 

THE PRINCIPLE OF FORCE 

In their book, Marketing Warfare, Ries and Trout ( 1986b) provides parallels from the strategies used by 
commanders in war to those used in free enterprise. One concept that is described in the book, the principle of 
force, may well represent the bricks-and-mortars in today's retailing market. Basically, the principle force says it is 
more difficult to unseed the market leader than to stay on top. This doesn't meet it is impossible to become number 
one (i.e., Wal Mart), but it is difficult. The principle of force is based the premise that those with the most market 
share have more resources to defend their market share. The dot.com have tried to level the playing field by getting 
large amounts of money. But more may be needed. There lies a problem. The e-retailing dot-corns have lost favor 
in the investment world (See Table 1). Many promises were made and they have failed to deliver. Thus, additional 
rounds of funding may be difficult. 

Also, according to Ries and Trout ( 1986b ), the market leader should have the courage to attack themselves before 
someone else does and to always have something in reserve. The good news for the market leader, if they fail to 
attack themselves, they still can recover by copying the competitor before it gets a foothold (Ries and Trout 1986b ) .. 
As the current news has shown, both Wal Mart and Kmart through their internet alliances have begun this effort. 
Furthermore, by not confronting the dot-corns immediately, the Wal Marts and the Kmarts have bled the dot.corns of 

· their venture capital while saving their cash (Krantz 2000). The trickle of revenue that was available was not worth 
the risk, especially with the possibility of making a poor first impression in the on-line war. Also, it now appears 
that the Wall Street is using the old evaluation models for thee-retailing dot-corns and is moving on to the next 
wave of dot-corns (i.e., B2Bs and internet infrastrucure ). 
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TABLE 1 
Sampling of the e-Consumer 50 Companies Posted by USA Today 

e-Consumer Companies Pct. Chane:e 2000 
About.com -13.4% 
Amazon.com -10.1% 
Autobytel.com -39.1 % 
Autoweb.com -33.9% 
Cdnow -17.1% 

. 
Drugstore.com -45.6% 
Ebay 31.0% 
Emusic.com -32.3% . 
Etoys -42.1% 
!village -10.5% 

Total (e-Consumer 50) -14.1% 
Positive 8 
Negative 42 
Source: USA Today, February 25, 2000 (B4). 

Finally, the bricks-and-mortars also have several things in reserve: ( 1) Brand awareness and (2) Storefronts. 
Through both their brand awareness and storefronts, bricks-and-mortars have a significant advantage over their 
counterparts, the dot-corns. We still live in an offline world - Not everyone has a computer and many consumers 
enjoy the shopping visit and prefer to feel and touch their product before purchase. There are less hidden surprises 
in such purchases. According to a survey conducted by the International Mass Retailers Association, customers still 
rate bricks-and-mortars as the best in delivering the best overall shopping experience over the internet, outlet, and 
catalog buying experience. 

However, the concept buy any time and anywhere (24/7) has gotten the attention of the bricks-and-mortars. There 
answer to the 2417 concept is their 360-degree marketing (Farrell 1999). This allows the customer to order from 
home and pick up at the store, order from the store and take delivery at home, and get questions or problems 
resolved in either place (Farrell 1999). Storefronts are no longer a drain on earnings. Physical stores can offer 
convenience and personal services unlike anything available on the web. Storefronts also offer the ability to direct 
consumers to their web sites. 

CONCLUSION 

As if building awareness was only task that dot-corns are faced with, they must also try to get up and running, hire 
and train new recruits, develop products and services, acquire funding, and build sales. It takes experience business 
professional to understand all these tasks and strategies to be successful. Richard Owen of Dell Computer believes 
"many of the dot-com founders are poor businesspeople who are attracted by the potential to get rich rather than 
create something that is built to last (Inc. Tech 1999)." In this same venue, Bhide argues that easy availability of 
capital, which prevents bootstrapping (Gendron 2000), causes the firm to lose touch with the customer (Sciortino 
2000). He believes innovation and success requires a lot of trial and error and dot-com firms are force to act like a 
public company without having shown any capacity to show profitability. Because of the ease of capital and the 
many new business tactics/strategies being pursued by the dot-corns, they appear to have lost sight of the consumer 
(Hatlestaad 2000). 

When you add in the factors of principle of force, the brand awareness of the bricks-and-mortars, customer trust in 
the bricks-and-mortars, and out-of-favor view of e-retailing by the investment community, it would appear that the 
future may repeat itself as the market consolidates like the airl1ne and automobile industries. Mergers and alliance 
will force synergies and the traditional retailers will conquer the inventory problems and return policies. The 
combination of on-line and off-line firms will become more prevalent in the days to come (Vickers and Coy 2000) 
as the market matures while many firms will wither and some will die. It will become pure corporate Darwinism 
(Inc. Tech 1999). 
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Finally, ifthere is slight downturn in the economy or worse a recession, the current prediction will happen at light. 
speed. Many of the dot-com companies do not sell products and give away free services which is paid for by 
advertisers who put banners on their web sites. Thus, many dot-corns will lose their only revenue stream and be 
force to merge, go out of business, or change theirmodel of operations. Furthermore, IT and advertising budgets are 
usually the first to be frozen when there is any type of income crunch. The markets for the next several years should 
prove quite interesting. 
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OF INTERNET SHOPPERS' ATTITUDES 
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Abstract: This study focuses on attitudes of Internet shoppers providing a comparison across traditional retail, 
catalog, and internet shopping. Respondents indicated a preference to shop company sites they had previous 
retailing experience wfth and they perceived the internet as offering lower prices, better product _selection, and 
inferior customer service than traditional retail or catalog. They prefer retail stores over internet shopping, but 
internet over catalog shopping. Shoppers were found to be more forgiving of service failures of retail and catalog 
shopping than internet shopping in indicating their likelihood to r~turn once a particular failure_ has resulted. 

INTRODUCTION 

The rapid growth of e-commerce, or e-tailing, is making a major impact on both sides of the sales transaction. 
While this interaction is virtually between two c_omputers, the human consumer and the organizatio~al components 
are involved in planning, evaluation and decision making. Shoppers are finding a new, more convenient way to 
shop as they take on the challenge of their first e-tailing transaction while sellers are struggling to determine how to · 
develop a successful e-tail storefront and how to cope with logistics issues arising as a result of recent sales 
increases. 

E-commerce has been around since the beginnings of .Electronic Data Interchange (EDI) in the 1970s. Increasingly, 
the term is used to refer to business over the internet involving on-line retailing instead of the earlier business-to
business transactions. Early e-commerce activity began largely with offerings from non:-traditional internet 
companies without a physical store front or catalog business like Amazon.com. More recently, traditional retailers 
have seen great success in presenting their products to potential customers with the use of a computer, a browser, 
and internet access. 

Numerous changes have taken place in e-tailing over its short life with vast improvements in products and services 
available, customer service enhancements, security measures, and ease of site navigation. The speed of these 
changes has caused major problems for businesses and consumers as easily evidenced by this past Christmas holiday 
shopping season. A recent Newsweek article (Stone 2000) reports that only 74% of online purchases were delivered 
on time. The same article, however, reported 1999 online holiday sales at $3 .17 billion compared to only $ . 73 
billion in the 1998 holiday season and that more than eight of ten customers said they will shop online again next 
year. 

For many e-tailers, company infrastructure has not been prepared for the rapid growth experienced. In addition to 
the basics of sufficient inventory and adequate delivery systems, continuous software upgrades and flexibility for 
changes are required. When Sharper Image's online store experienced December sales more than double their 
previous two months combined (70% of which was by brand new customers), they quickly decided to double their 
server capacity and added servers on both the East and West Coasts to better service the country (James 1999). 
While some may insist that the company plan, develop and be ready for the shopper, others disagree. Bobby Lent, 
an executive at Ariba Technologies, Inc., of Sunnyvale, California speaks directly to the pace of change: (Vijayan 
1999): 

"Don 't go for the big-bang roll out. Those that wait to build 
the perfect platform before deploying it will be left in the dust 
by more nimble rivals. " 

Another area of e-tailing evolution is personalization. By recording shoppers' navigational route through the site 
and analyzing their actions, e-tailers can customize their store front (Alwang 1999). Personalization, however, can 
be extremely expensive requiring planning and implementation time, cost and significant technical expertise (Lidsky 
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1999). As with the traditional retailer, however, such systems open the door for major strides in relationship · 
management in the longer term. 

In addition to e-tailers and their customers, others are also feeling the impact. As e-commerce is changing the 
business world, business schools are increasingly offering courses and programs to prepare their students to meet the 
ever-increasing challenge. Nader Tavassoli, director of MIT's E-commerce and marketing major is quoted as saying 
"I'm beating them off with sticks," referring to companies wanting to participate in his spring 2000 class in which 
students will provide free £-consulting (Business Week 1999). Textbooks presenting internet marketing principles 
are also now available for many internet college courses (for example Strauss and Fross 1999 and Hanson 2000), or 
one can simply go to their nearest Barnes and Noble retail store or to Amazon.com and purchase a book. 

Also influenced are traditional retailers who are respondtng in different ways. The owners of one Missouri shopping 
mall tried to ban its 170 tenants from promoting their e-commerce web sites in their mall retail stores (including · 

· shopping bags, signs and any displays) (Heckman 2000). Some retailers are competing to keep customers coming 
through the door by creating a shopping "experience" that is lively, entertaining and enjoyable (Mollman 2000). 
Examples are Barnes and Noble's use of cafes and REI's adventure stores' in-store bike trails and climbing walls. 

Numerous articles have begun to accumulate regarding internet shopping much of which focuses on what is bought 
and who is buying. There are continuous reports of the top-shopped sites and reports of customers' concerns over 
privacy and security. While the study reported here briefly addressed these issues, it focuses more on the shoppers' 
attitudes about on-line shopping and how they compared it to other shopping methods. The study also addressed 
shoppers' attitudes about failures across different shopping modes. 

THESTUDY 

A self-administered questionnaire was used in a survey conducted in a southeastern city in November 1999. 
Subjects were intercepted at various locations and screened to identify those who had shopped (not necessarily 
purchased) on the internet. In addition to determining whether they had made a purchase as a result of their 
shopping, the questionnaire included items addressing various aspects of the respondents' attitudes about internet 
shopping, their comparison of internet shopping with other traditional shopping methods on several attributes, and 
their overall satisfaction with internet shopping. Of the 168 successful intercepts, 155 usable questionnaires were 
completed for inclusion in the study. Table 1 presents a demographic profile of respondents. 

Table 1 Demographic Profile of Respondents 

Age Under 24 25-34 35-44 45-54 55-64 Over 65 
(12.3%) (42.6%) (19.4%) (16.1%) (9%) (.6%) 

Education no H.S. diploma H.S. diploma some college 4 year degree 4 year degree + 
(.6%) (1.3%) (22.7%) (39.6%) (39.6%) 

Annual $0- 20,000 $20,00 l - 40,000 $40,00 l - 60,000 $60,001 - 80,000 $80,001-100,000 . Over.$100,000 
household (11.7%) (22.1%) (18.8%) (15 .6%) (11.7%) (20.1%) 

Income 

Marital Status · Married Divorced Never married Widowed 
(52.3%) (7.1%) (40.0%) (.6%) 
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SURVEY RES UL TS 

Internet Shopping Behavior· 
Just over half of the responding internet shoppers (54.8%) indicated they had made a purchase over the internet. Of 
those who had purchased, just less-than half ( 46.1 % ), said they have a particular site they shop from often. Those 
mentioned most frequently were Amazon, Lands' End, EBAY and Barnes and Noble. 

A number of Likert scaled items were asked about internet shopping opinions. Table 2 presents a summary of the 
respondents' answers to these items indicating s~veral concerns with a high frequency. Over half of the respondents 
said they have to be familiar with a business ( either traditional store or catalog shopping) before they would buy 
from the company via e-tailing. The majority also indicated a concern for lack of privacy (49.7% strongly agree or 
agree) and for credit card security (61 .3%). Product misrepresentation is also seen as a possible problem. 

Table 2 Summarl'. of Internet Shoeeing Oeinions 
1 2 3 4 5 

I have to be familiar with a company either by catalog or visiting its 
retail store before I will buy from the company using the internet. (21.4%) (31.2 %) (21.4 %) (17.5 %) ( 8.4 %) 

I am very concerned about the lack of privacy when internet shopping. (23.2%) (26.5 %) (29.0 %) (14.8 %) (6.5 %) 

I am very concerned about credit card security when internet shopping. (36.1%) (25.2 %) (17.4 %) (13.5 %) (7.7 %) 

I am not very confident about my ability to shop using the internet. (6.5 %) (13.5 %) (23.9 %) (30.3 %) (25.8 %) 

I am very experienced with shopping on the internet. (16.8 %) (25.8 %) (36.8 %) (12.9 %) (7.7 %) 

I worry about product misrepresentation with internet shopping. (9.9 %) (30.3 %) (39.5 %) (17.1%) (3 .3 %) 

I find internet shopping too impersonal. (6.5 %) (14.3 %) (28.6 %) (27.9 %) (22.7 %) 

I find internet shopping very convenient. (41.3 %) (47.1%) (9.0 %) (1.9 %) (0.6 %) 

I plan to increase my amount of intern.et shopping. (24.5 %) (34.8 %) (34.8 %) (4.5 %) (1.3 %) 

I enjoy internet shopping. (23.2 %) (36.1%) (33.5 %) (7.1 %) (0.0 %) 

I am ve!l'. satisfied with internet shoeeins. (20.1%) (41.6 %) (34.4 %) (2.6%) (1.3 %) 

1 = Strongly Agree 5 = Strongly Disagree 

When asked about confidence and experience in internet shopping, however, the majority of respondents appear to 
be fairly secure in their shopping. Most do not perceive e-tailing as too impersonal; and, in fact, the majority 
indicated they enjoy internet shopping and are satisfied with their experiences. Almost 90% said they find it 
convenient. The shoppers say they plan to increase their internet shopping and that it is enjoyable. Almost 2/3 of the 
respondents indicated they are satisfied with their internet shopping experiences. 

Internet vs. Retail vs. Catalog Shopping 
Respondents were asked to compare internet, traditional retail and catalog shopping on several issues. Table 3 
summarizes the results of these questions. Regarding prices, over half of the respondents indicated internet prices 
are better than retail prices and almost half said they were better than catalog prices (Figure 1 ). · Perceptions of 
product selection available over the internet were also higher for the internet than retail ( over half indicating so), 
again with almost half saying they were also better than catalog product selections (Figure 2). On customer service 
perceptions, however, internet shopping did not do as well as traditional retail or catalog shopping (Figure 3). 
Almost two-thirds of the respondents said they prefer retail shopping over internet shopping, while just over half 
preferred internet shopping over catalog shopping (Figure 4 ). 
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Reaction to Service Failures 
The survey included a set of questions asking shoppers to indicate if they "would", "might", or "would not" return to 
a retail store, internet site, or a catalog in the event of six different types of service failures (inability to locate a 
product, faulty product, customer service problem, product delivery problem, billing problem, or after-sale service 
problem). Table 4 presents the resulting responses to these items. Overall, shoppers indicate they are much less 
forgiving of internet shopping service failures than of retail store shopping. The comparison of reactions to failures 
in internet and catalog shopping are not as clearly determined. 

Several additional "service failure" items more specific to internet shopping were also included in asking about 
likelihood of return (Table 5). While a network crash does not appear to be a major deterrent, either a site which is 
too complicated, slow processing, and poor or no help line would be a major problem likely to keep the customer 
from coming back. 

Table 3 Comparison oflnternet, Retail and Catalog Shopping 

Internet shopping offers better prices than retail stores 

Internet shopping offers better prices than catalogs 

Internet shopping offers better product selection than retail stores 

Internet shopping offers better product selection than catalogs 

Internet shopping provides better customer service than retail 

Internet shopping provides better customer service than catalog 

I prefer internet over retail shopping 

I prefer internet over catalog shopping 

Strongly Agree 
or Agree(%) 

54.9 

44.4 

51.7 

47.7 

13.5 

18.0 

25.8 

52.9 

CONCLUSIONS 

Strongly Disagree 
or Disagree(%) 

23 .8 

27.8 

35.5 

34.9 

58.7 

45.8 

67.8 

40.6 

Don't Know 
(%) 
21.3 

27.7 

12.9 

17.4 

27.7 

36.1 

6.5 

6.5 

Of special interest are the results of this study indicating shoppers' perceptions of pricing and product selection as 
better via internet shopping than retail store or catalog shopping. This can be used as an asset for thee-tailer, but is 
an obvious problem for the traditional retail or catalog company. The perception of poor customer service on the 

· part of the internet is a major issue calling for internet companies to work to build a more custom~r friendly and 
responsive site. This is amplified by the large percentages of shoppers who indicated they would not return to an 
internet store front in the event of failures. As more competing shopping options are available on the internet, the 
customer may defect not only to a traditional retailer or catalog, but to the website next door. 

The prior experience desirable factor is supportive of the many companies that are expanding their virtual options. 
The cross-selling opportunities made possible by a full set of available shopping modes could be tremendous to the 
companies prepared to capitalize on them. 

The results of this study should also stress the importance of developing an e-tail storefront that shoppers can 
navigate well, finding, examining and comparing what they need. Also the importance of a good help line and 
logistics issues cannot be overstated especially in light of the 1999 holiday season failures publicity coupled with 
this study's findings. 

Internet shoppers enjoy their shopping experiences and plan to continue doing so at an increasing rate. While e
tailing continues to grow, such issues as security, taxation and even the cost of second-hand domain names will also 
continue to be debated. The company must obviously pay attention to these topics, but they also must increase their 
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research and development. As in traditional retailing and catalog sales, customer loyalty and repeat purchase are 
vital-especially when the competition is just a click away. 

Table 4 General Service Failure and Likelihood of Returning to Shop 

Likelihood that shopper would return to shop after experiencing problem (%) 
Service Failure Type Retail Store Internet Catalog 

OU . 1g. t • OU ot OU • M1g1 t • OU ot Wou • M1g: t • Wou W Id M" h W Id N W Id . h W Id N Id . h Id Not 

Inability to locate Product 32.0 58.8 9.2 21.6 58.8 19.6 22.4 

Faulty Product 17.l 54.6 28.3 5.9 34.9 59.2 4.0 

Customer Service Problem 12.6 57.0 30.5 6.0 53.0 41.l 6.0 

Product Delivery Problem 15.l 69.l 15.8 9.2 47.7 43.l 7.9 

Billing Problem 8.5 60.8 30.7 2.6 43.l 54.2 2.0 

After-sale Service Problem 7.2 64.7 28. l 3.3 51.3 45.4 3.3 

Table 5 Internet Specific Failures and Likelihood of Returning to Shop 

Service Failure Type Would return 
to sho % 

Might return 
to sho % 

Would not return 
to sho % 

Network crash 
Site too complicated 

Process too slow 
Hel line not useful or available 

41.6 
6.6 
6.5 
3.9 
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Abstract 

STRATEGIC OUTSOURCING IN GLOBAL OPERATIONS 

Alan S. Khade, California State University, Stanislaus 
Vinay Kothari, Stephen F. Austin State University 

Global _outsourcing continues to grow as firms realize the significant benefits of global 
operations. Majority of the top 250 U.S. based firms believes that their expansion . is accelerating. 
This paper examines the growing trend and evaluates strengths and weaknesses that are 
associated with global Outsourcing strategy. Based on analysis performed in this paper, we 
make general recommendations for firms employing this strategy. 

Introduction 

Outsourcing! Long-term strategic business solution or short-term fad? In our growing 
global economy, where businesses are looking for innovative ways to cut costs, reduce or spread 
risks, decrease their time to market and increase profitability, strategic outsourcing has become 
the latest trend that organizations employ in their search for success. Global operation is defined 
as the coordination of strategies, shared learning, and decision making on an international level 
to provide improvement, reduce costs and risks, and provide skilled experts and ideas that can 
propel innovation. Outsourcing is defined as one firm purchasing goods or services from other 
firms to leverage its firms' resources and skills for increased competitiveness. Taken together, 
these ideas become a management tool •that is being used to redefine the way business is 
conducted. Usually, no one firm has all of the expertise required to take a product or service 
from the drawing board to the marketplace. But, several firms, working together, each one 
applying its core competencies, can create and market products much quicker and least 
expensively than a single firm trying to do it all. 

From supplier relations to information technology services, outsourcing offers several 
benefits including reducing administrative costs and decreasing risk to offering opportunities to 
gain technical expertise in key areas of operations. However, one has to be aware of the risks 
that . come with the decision to outsource. These risks range from adding complexity to daily 
operations to loss of control because of dependence on your supplier. 

There are several decisions that require thoughtful evaluation when considering whether 
or not a firm may benefit by outsourcing. Management needs to define what it hopes to achieve 
by outsourcing. This could be reduced costs because of economies of scale or lower labor costs. 
Or, it could be that they are looking for financial shelter and reduced business risks. If one 
economy is weak and another strong, there are advantages to be gained by shifting operations to 
the weaker economy to ·exploit market as well exchange rate. 

There is also a choice to be made in either relocating manufacturing or actually entering 
into an outsourcing relationship. There is fierce competition in developing countries for foreign 
direct investment. This gives multinational firms many choices of location to either source from 
or manufacture in. They can choose a local supplier or invite a particular supplier to move into a 
new region. If the latter choice is made, there could be problems if the supplier is inexperienced 
in global operations. A local supplier may be able to provide a better product based on cost, 
quality, or technology. In this case, the supplier who moved into the region would have to be 
worked out of the supply chain after they've already made a considerable investment based on a 
trusting relationship with the contractor. This wouldn't bode well for the contractor - sub
contractor relations in the future.1 Corporate executives must remember that globalization is not 
the correct decision for every firm. It is a correct decision if it fits with the organizations' vision 
and helps build th~ firms' competitive advantage. 
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Strengths of Global Outsourcing 

Global outsourcing has several strategic strengths that make it a valuable tool for most 
firms. The following is a list of strengths that firms choosing to outsource may be able to 
leverage: 

• Focus on core competencies 
• Reduction of administrative overhead costs 
• Flexibility financially and functionally 
• Spread the risk of performance in unfavorable market conditions 
• Fast growth and rapid response to market 
• Gain experience in specialized areas 
• Meet fluctuations in demand 
• Spread commercial risk 
• Gain a foothold in foreign markets 
• Don't have to be an expert in all areas of the business 

One of the most important strengths of global outsourcing is developing the firms' core 
competence. Defining and understanding its core competence is central for a firm in determ·ining 
how best to use outsourcing because core competencies are interrelated with most of the other 
strengths an organization possesses? Core competencies play a major role in whether a firm 
decides to outsource or not. The strategy, according to Quinn and Hilmer (1994), encompasses 
two main points: 

• Concentrate the firm's own resources on a set of "core competencies" where it can achieve 
definable preeminence and provide unique value for customers 

• Strategically outsource other activities - including many traditional considered integral to any 
company - for which the firm has neither a critical strategic need nor special capabilities. 

Whether a company chooses to source -out core activities or just side activities, it can 
create a cost advantage. Cost savings can be of great benefit to a company when it chooses to 
subcontract. However, this requires the company to analyze its data. It is not that complicated to 
do traditional quantitative analysis to derive the basic costs associated with changing part of the 
company's structure so it can be outsourced. It may be easy to see from an accounting 
viewpoint, but the~e are other issues to consider. For example if a company were to start 
contracting out activities that it is currently performs internally, the staff that is currently doing 
these activities is going to have to go somewhere. Unless this firm is experiencing extreme 
growth and has other jobs waiting for them, which is not likely, the employees will be out of a job. 
It does seem somewhat immoral sometimes to view people as replaceable but the goal of a firm 
is to survive and be profitable so in some cases it is necessary. These actions can have negative 
implications for the firm; for example the morale of the remaining staff could be very low. A cost 
of this type cannot be measured, so careful consideration must be given when changing the 
company's current structure. 

Costs associated with administration can also be reduced through outsourcing. This can 
be especially helpfal to a new firm. A new firm doesn't have the same worries so from their 
perspective, research can be done to determine the main activities that can be sourced out and 
action can be taken. This can also help with creating faster growth and help the firm develop its 
core advantage~ This tends to scare established organizations because new competition can · 
come along and use outsourcing to quickly gain market share by having better service or better 
quality products. Outsourcing has also been seen as the motive for people to become self
employed. Another strength of strategic outsourcing is that it allows a firm to gain the use of the 
newest technology. Outsourcing is generally used for two primary types of tasks: 1.) Technical 
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tasks, or 2.) fairly mundane activities. It is often important for a firm to use technology especially 
when it comes to international firms. ' 

weaknesses of Global Outsourcing 

Some of the weaknesses that firms must deal with in choosing outsourcing are as 
follows: 

• Outsourcing is more complex. 

• There is less control of the business. 

• High costs can be a limiting factor. 

• Lack of control can lead to lower quality. 

• The base firm becomes more dependent on suppliers and their expertise 

It may appear that in outsourcing there are relatively fewer weaknesses than strengths. · 
However, the magnitude of these weaknesses needs to be looked at in light of global operations. 
In discussing the weaknesses of outsourcing for a global firm, it is important to realize that global 
firms are more complex and outsourcing only tends to compound this complexity. In the already 
complex world of global operations, it is difficult to keep track of all the facets of the business. 
Adding the element of outsourcing to this can create additional problems. It can lead to problems 
in controlling the organization's internal processes. Administrative cost savings are not that 
important if the company has no control over its subcontractors. Outsourcing is associated with 
greater levels of specialization, with more decentralized decision-making authority and with a 
higher staff/labor ratio. With this decentralization of the company, decisions have less of a "top 
down· approach. Though in some cases this could be seen as a benefit, it often results in a 
splitting of decisions and operations. 

Opportunities and Threats in Global Outsourcing 

There are several opportunities a company opens itself up to when it chooses 
Outsourcing as a strategy. These include: 

• Create synergy 
• Spread risk 
• Expand into new geographical markets 
• Expand into new product lines 
• Venture in new business 
• Gain expertise 

. One of the primary opportunities outsourcing offers is the creation of synergy among the players 
in the relationship. This synergy can be seen as the underlying force that makes other 
opportunities viable. Specialization, alliances, and ·innovations are _three key words that capture 
the essence of outsourcing. Excellence and expertise are the keys to competitiveness, and they 
are rooted in specialization. Alliances have become the principal means of nurturing core 
competencies. 

While the strengths and opportunities are numerous in strategic outsourcing, there are some 
inherent threats that must also be recognized and dealt with. 

Some of these threats are: 
• Loss of control 
• Dependency on supplier 
• Loss of expertise 
• Political risk in supplier countries 
• Differences in quality standards 
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• Changes in business laws 
• Loss of technological know-how . . 
• . L,oss of image with customers because of errors that sub-contractors 

Other Issues 

. Outsourcing ·allows a firm to concentrate its resources on a set of core competencies where it 
can achieve definable pre-eminence and provides unique value for customers. This focus has 
lead to a trend for businesses to become smaller because they aren't performing all of the 
required organizational functions themselves. Like most other aspects of business, outsourcing 
strategies have changed through the years. Historically, the question of outsourcing has been 
decided by answering the question, "Is it strategic to my business?" If the answer were yes, you 
would keep the function in-house; otherwise you would outsource the function. Today, the 
question has changed somewhat. The new question is "Is it my core competence?" If the answer 
is yes, then keep it in-hous~, otherwise, outsourcing could be the best option. Strategically, 
outsource activities that have traditionally been considered integral to any company for which the 
firm has neither a critical strategic need nor special capabilities. 
Managers leverage their companies' resources in 4 ways: 

1) Maximize returns on internal resources by focusing on core competencies 
2) Well developed core competencies protect against competition 
3) Greatest leverage of all is full utilization of external suppliers investments, innovations, 

and specialized professional capabilities that would be prohibitively expensive or even 
impossible to duplicate internally 

4) In rapidly changing marketplaces and technological situations,. this joint strategy 
decreases risks, shortens cycle times, lowers investments, and creates better 
responsiveness to customer needs 

This means that managers looking to improve operations and increase revenues while cutting 
costs should look closely at the outsourcing option. Frank Casale, · Executive Director of 
outsourcing Institute in New York published that firms in America spent $100 billion on 

• outsourcing in 1996 and by doing so they cut their cos~s by 10-15%. Thus, it would appear that 
strategic o.utsourcing would continue to be a growing trend. It would be very difficult to turn back 
the hands of time and return to an environment where companies perform all of the functions of 
runnir:ig a business themselves. 

Conclusion and Recommendations 

Traditionally, cost reduction has bee'ri the overwhelming motivation and perceived 
payback for outsourcing. While that is stfll a motivating factor today, the goal of "strategic value" 
has grown to rival it. This value can take the form of new applications, productivity improvement, 
and access to new technology and skill sets and process or infrastructure redesign. Whereas 
outsourcing has historically been viewed as a last ditch effort to save a company, today it has 
become a strategic tool employed by management to achieve competitive advantage. It offers 
the ability to leverage buying power - companies are demanding the same products, same price, 
same packaging and labeling, and the same level of service and support on a worldwide basis. 
This can be accomplished through standardization around a set of hardware and operating 
system platforms so software applications such as manufacturing or cost accounting programs 
can be shared. Worldwide procurement databases and global inventory control systems are two 
tools that can help a global company to achieve these goals. Worldwide engineering networks · 
allow multiple firms to work together on design or redesign of. products. 

However, there are problems and pitfalls to be avoided in global outsourcing. Cost 
reductions may not be as great as anticipated. This may be because management was not 
realistic in forecasting or changing markets have driven prices up thus causing · cost reductions to 
be smaller. Long-term contracts don't allow for the flexibility required in quickly changing 
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businesses. In a lot of instances, especially where technology is concerned, it is impossible for a 
firm to see ten years into its future. Another problem area is that customers are becoming more 
sophisticated. They are demanding flexible contracts, performance penalties, end-user surveys, 
benchmarking audits and rights to approve or reject vendor personnel and subcontractors. 
Finally, there could be infrastructure problems that hinder worldwide networking. This is 
especially true for electronics firms that rely on a mature telecommunications network to transmit 
complex engineering data. 

Management needs to have a clear idea of what the outsourcing relationship offers the 
company and what the expectation of the relationship is. They also need to be aware of the 
many problems and pitfalls that can cause outsourcing to be a disaster. These advantages and 
disadvantages must then be weighed against each other before a decision can be made. There 
is no hard and fast rule for successfully entering an outsourcing relationship. Therefore, we 
recommend that that management perform an in depth analysis of the benefits and drawbacks of 
global outsourcing. 
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Abstract 
Advanced manufacturing is characterized by the rapid increase of data gathering tools to capture product 
information either for design, reverse engineering, tooling, fabrication or inspection. Most of these tools provide a 
point data ( cloud) representation of the product. A direct need to develop software tools to tum these point data into 
more useful CAD models for manufacturing on a computer numerical machine (CNC), or for tooling such as in the 
case of pattern and mold design. In this paper these software tools are investigated to develop the CAD model 
through reverse engineering techniques. The connectivity between CAD and manufacturing ( either rapid prototyping 
or rapid tooling) will be also investigated as well as tool path generation for CNC machining. Tool path can be 
generated based on Z-map, surface modeling, or solid modeling approaches. Limitations varies from one technique 
to the other. Case applications for CNC generation as well as tooling through reverse engineering in the casting 
industry are described. Lessons learned include the feasibility of using data collection equipment with sufficient 
accuracy to corivert directly to CAD, either through CNC manufacturing or rapid tooling technologies. 

1. Introduction 
The last decade has been categorized by the rapid increase of hardware tools that capture object or part information 
with high precision directly into graphical or imageing represenation. Coordinate Measuring Machines (CMM) 
touch triggers probes, laser probes and camera, Computer Tompograph (CT) scanners, portable CMMs and others 
are typical of such tools. The outcome of the reverse engineering process is in the form 3D point cloude. The point 
cloud data varies from extremely dense data that are provided by laser scanner to the less dense data that are 
provided by a touch propes CMM machine or a FARO arm. The point data also varies · from the most accurate to the. 
less accurate depends on the technology used. In reverse engineering "tricks" may be used to capture the geometries 
of hidden componenet. In order to further develop these product-models into more useful forms such as to obtain 
CNC (Computer Numerical Control) code, further geometnc processing is needed. In the first section of this paper 
we provide broad survey of techniques used for reverse engineering and CNC code generation, pointing to 
limitations associated with the technologies. In the second portion of the paper we provide case application of 
actual use of selected techniques in support of real life project. 

2. Reverse Engineering Technology 
Reverse Engineering can be classified according to the method used in capturing the data, commenly known as 
digitization Digitization process can be performed in a contact, non-contact or hybrid modes. Figure 1. shows the 
broad classifiction of the different techniques. In general contact methods generate less dense point cloud with 
higher accuracy compared with non-contact methods where it generates high dense point cloud with less accuracy. 
The trade off between model accuracy, appearance, and ease of model creation should always be considerd when 
choosing the digitization and analysis system to perform the reverse engineering cycle - include interaction with 
supporting software, as depicted in Figure 2. 

Digitization Technique 

___:----- I ----
Contact 

- CMM(s) 
- Measuring Devices 
- Faro Arm 

Non-Contact 

- Laser Scanner 
- X-Ray 
- MRI 
- Photogrammetry 

Combined Contact-Non-Contact 

- . Milling and Image 
Scanning and processing 

- Laser Trackers 

Figure 1. Broad Classification of R~tization Techniques 
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Figure 2. Selection of the Reverse Engineering Systems 

3. Tool Path and CNC Code Generation Technology 
Tool path Generation, hence CNC code generation can be classified according to the model base into three main 
categories; Polyhedral machining (Z-map) commenly known as Image Discretization, Parametric surface modeling, 
and Solid model tool path generation. 

3.1. Image Base Discretization (Z-Map) 
Image based surface discretimtion is based on Z-buffer which is known in computer graphics for visible surface 
determination. The required machined surfaces are stored as a grid of points equally spaced in x-y plane. Tool path 
generation is based on either contour tracking at constant z height or x-y scanning method. The disadvantage of this 
technique include large number of points are required to achieve the desired accuracy. Enhanced Z-map modeling 
was suggested by Mizugaki [ 1] which includes addition of information such as the contact states between tool and 
the workpiece, and maximum and minimum z values. Figure 3 shows an example of Utah teapot tool path 
generation based on tfiis techniques. 

y 

~x 

Figure 3 Utah Teapot Using Z-map Technique 
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3.2 Surf ace Modeling Base , 
Assuming points has been generated through the reverse engineering cycle, necessary boundary curves are 
constructed to build surface patches. Figure 4. a, b, and c · shows the sequence of point processing leading to patch 
fonnation. · 

a) point cloud b) CUIVes c) surface patches 

Figure 4. Reverse Engineering through Surface Modeling Technique 

Several machining strategies can be used to generate the tool path for the product. Figure 5. Shows the process 
through the-multi-surface machining strategy (parallel plan-cut). 

Figure 5. Tool path generation for the object negative 

3.3 Solid modeling Base 

Solid model objects are· used in constructing the product. Surfaces are extracted automatically from the solid objects 
and the same steps followed in the surface modeling base are used for tool path generation. Object configuration 
guides the tool for material removal, thus facilitating tool path generation process. 
To demonstrate how to use solid modeling package for machining on a 3 axis machine, the part shown in figure 6 a, 
b, and c shows the modeled part (using IDEAS Master series version 6., the tool path and its simulation. 
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(a) (b) (c) 

Figure 6. Tool path generation from solid model 

4. Reverse Engineering Practiced: 

In this section we provide a case application in which reverse engineering technology was used to provide tooling 
for the sand casting industry. We provide steps followed in using RE technology to capture the geometrical 
configuration of a physical object, design and fabricate the pattern and mold required for its casting. While less than 
optimal technology was used in the process, it was necessary to use practical, adaptable technology in achieving the 
objective of tooling for the case. Lessons learned and the adaptation of the technology to the environment is worth 
reporting for practitioners. 
The case we are addressing is that of manufacturing a replacement maintenance part for which it-was not possible to 
obtain it drawings and/or accurate dimensions. Such applications are typical for use of reverse engineering 
technologies. Figure 7. shows the part/ object under study. 

Figure 7. The maintenance replacement part 
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The object in question is a complex part with the following characteristics: 
1. Free form surfaces and solids 
2. Internal and external Groves with varying dimensions 
3. Non.:.symmetrical object 
4. Different wall thickness 
5. Cylinders with different radii 
6. High precision · 

While the part size is relatively small, which makes it feasible to use traditional CMM in collecting its configuration 
da~ it was decided to use a portable CMM, or the FARO Arm in capturing the geometrical configuration of the 
object. The decision was prompt by the fact that future casting products for which patterns and mold designs may 
be needed as well as non-portable replacement maintenance parts may not feasible to dismantle and move around, 
hence the reverse engineering tool would have to be portable. The flexibility provided by the portable CMM would 
meet such requirement. Figure 8. is a typical application of the FARO Ann with large objects, a characteristic of 
the foundry for which the application was implemented. 

Figure 8. A typical application of the FARO Arm with large objects 

Results obtained from the integration of RE technology with CAD/CAM and its use for tooling proved very 
promising. While not going into details, figure 9 shows the object being reverse engineered. 

Figure 9. FARO Arm was used to capture the geometrical 
configuration of the object 
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Figure 10 shows the outcome of the process, which include the pattern and the core box generated from the CAM. 

Figure 10. The final outcome of the Reverse Engineering and CAD/CAM integration for pattern and 
Mold fabrication 

Lessons Learned: 

1. From the practical point of view the FARO Arm-proved to be a very effective tool for Reverse Engineering 
2. It is preferable to identify the parameters of the object being revere engineered. Identification of object 

parameters makes it easier to select the "Best fit" when using splines, surfaces, or solids 
3. There is a need to standardize the interaction between software. An IGES file in one software is not necessary 

fully compatible with IGES system of another software 
4. A CAD/CAM engineers should be familiar with the functions of CAD/CAM software rather than being 

. "captive" or limited to one software package. It is not uncommon to transfer files between CAD/CAM 
packages to enable needed functions. 

5. Converting physical solid model into CAD model (Reverse engineering) enabled the identification of many 
pattern and mold design parameters, and explore alternatives of its design before settling on he most suitable 
design Parameters such as shrinkage factors, selection of partition lines, and core designs were selected/ 
designed with much ease. Using "non-CAD" based methodology would have been very difficult , costly, time 
consuming and far from optimal. 

6. However, having a CAD solid model of the object enabled direct design of pattern, mold, and core box, it still 
be desired to have a specialized casting tooling software with some "intelligence" and which can be integrated 
with the CAD to help in the design process . 

7. However not used, the CAD model opened the door for the possible use of CNC machine in the fabrication of 
pattern, and or the use of rapid prototyping technology in the mold fabrication. Such technology is being 
investigated. 
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5. Conclusion 

Despite the impressive advances in the fields of reverse engineering and the CAD/CAM technologies, a complete · 
integration between these systems remains to be resolved. The application of these technologies in the case of 
tooling proved to be of great value. The portability associated with the FARO arm provided needed flexibility 
when dealing with large objects and/or assembled maintenance parts. Lessons learned cited above can be easily 
overcome with the proper training and optimal selection of the supporting software. 
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Two Dimensional Identification Matrix and Laser Etching 
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ABSTRACT 

A two-dimensional identification data matrix using a bi-dimensional array of data in a square shape is used for 
component identification and tracing in automotive microelectronics industry. The technology is applicable to all 
hybrid microelectronics manufacturing where tractability becomes important for safety and liability issues. Data 
matrix is a unique machine-readable symbol capable of storing large amount of information within almost any 
physical size. The technology allows for two-dimensional encoding up to 3116 characters in a single symbol and 
read over 15 supported international languages. The information could be integrated with all existing and/or future 
computerized systems. 

INTRODUCTION 

The Data Matrix is a unique machine-readable symbol capable of storing a large amount of information within al
most any physical size. It is used for identification or encoding messages. This new technology allows for two di
mensional encoding and decoding. For the first time, users are not constrained by limitation of a printed symbol. 
Now, with the Data Matrix symbology, users have the ability to: 

• Select output size ranging from 0.001 square inches to 14 square inches, regardless of the amount 
of data encoded. 

• Encode up to 3116 characters in a single symbol. 
• Encode and read over 15 supported international languages. 
• Encode "public" or "private" format information. 
• Integrate with all existing and/or future computerized systems. 

Data Matrix symbols are capable of carrying 25 to 100 times more information than the typical bar code. The only 
limitation to the symbology is the quality of the print produced. Figure 1 shows a comparison between Bar Code 
and Data Matrix. 

Data Matrix Compared to 
Bar Code 

2D (Data Matrix) vs JD (Bar Code) 

11111111 
One Dimensional 

Two Dimensional 

• Height is redundant 
• Requires High contrast 

Usually 80% & up 

• Both height & width are · 
used to encode data 

.-i Work with contrast as low 
as20% 

• Readable 360 degees 

Figure 1. Data matrix compared to bar Code 

One of the advantages of Data Matrix especially for industrial environment is the red~ndancy and durability of the 
code. Data Matrix is designed to survive harsh industrial environments. Every code ts about half-black and half-
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white, resulting in a 50/50 chance that cell damage will not harm readability. Several error correction schemes are 
available to optimize the ability to recover from clustered or damaged symbol using advanced imaging process. 

A Data Matrix is made of three major components~ the "solid border", the "broken border", and the "data storage 
area". There is also a 10% "quiet zone". The solid border allows the controller to calculate rotation of a Data Ma
trix. The broken border allows the controller to identify the number of rows and columns. The data storage area 
contains_the binary information that was encoded during the construction of the Data Matrix. Figure 2 depicts the 
storage mechanism of the matrix. 

How Data is Stored in 8 bit 
Format 

• Each encoded data character can be 
represented by an eight digit binary code 

• The character "M" would = 01001101 

~ Binary 01001101 would = 11 },T~]iittt■J 
• 1 = Dark Cell 
• 0 = Light Cell 

Figure 2. How Data is Stored in an 8-bit format 

Data Matrix symbols are capable of encoding 14 different format strings. The 14 different formats allow the user to 
compress the symbol to its smallest form without wasting space on characters that will not be used. Listed in Table 
1 ar_e the 14 format strings and their outputs. · 

T bl 1 D M . F S . a e· . ata atnx ormat tnngs 
Format String Format Outputs and Description 
Format 1 500 numeric characters (0-9) with spaces 
Format 2 500 uppercase alphanumeric characters with spaces and punctuation 
Format 3 500 uppercase alphanumeric characters with spaces, commas, periods, 

slashes and minuses 
Format 4 500 uppercase alphanum·eric characters with spaces 
Format 5 500 characters with full 7-bit ASCII keyboard 
Format 6 500 characters with full 8-bit ISO for international languages 
Format 7 500 Execute Commands 
Format 11 2000 numeric characters (0-9) with spaces 
Format 12 2000 uppercase alphabetic characters with spaces 
Format 13 2000 uppercase alphanumeric characters with spaces, commas, periods, 

slashes and minuses . 
Format 14 2000 uppercase alphanumeric characters with spaces 
Format 15 2000 characters with full 7-bit ASCII keyboard 
Format 16 2000 characters with full 8-bit ISO for international languages 
Format 17 2000 Execute Commands 
Format 73 Private Format 

Data Matrix symbols are inherently robust. They use a convolutional code, like the technology used in satellite 
transmissions, to provide a solid base for error-free data. This is a bit-based error correction method, which excels at 
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protecting symbols fro~ the rand~m dama~e th~y typically suffer. Cyclic Redundancy Check (CRC) offers addi
tional error-free operation protection by usmg high level checklists The controller allo th t •d "f h . . . · ws e user o i enti y w en 
CRC errors or failures occur so that operation failures can be promptly corrected p· 3 h 1 f . . . . igure s ows examp es o a 
Data Matrix with different ECC (Error Correction Codes) levels and how ECC will affect symbol density. 

ECC Levels and Symbol 
Density 

Below are examples of a Data Matrix with different 
ECC levels and how ECC will affect symbol density. 

Data= 123 

ECC 00 ECC 50 ECC 100 ECC 140 

Figure 3. ECC Levels and Symbol Density 

HOW DATA MATRIX WORKS 

The I.D. Matrix Controller uses advanced machine vision image processing to provide excellent detailed images in 
256 grayscales levels. This advanced image-processing enables the Controller to quickly determine the value of a 
particular cell being decoded. The Controller system processing begins when -the camera scans a well-lit Data Ma
trix symbol. The scanning process starts in the upper left-hand corner and continues horizontally across and down 
the symbol, similar to the way you normally read (left to right, top to bottom). A Data Matrix requires at least a 20% 
contrast between light and dark cells for decoding. When it is possible to have better than a 20% level of contrast, 
the read rates usually will improve. 

The Controller can only process digital information. Therefore, the image must be digitized before it can be de
coded. The first step in changing the image to a digital format ( digitizing) starts at the camera itself. The system uses 
a CCD (charged coupled device) camera to capture the image. The light from an image is stored on the CCD array, · 
which is made up of small elements called pixels. Pixels are photoelectric elements capable of converting light into 
an electrical charge. Once these pixels are charged by the light from the image, the light is then converted to a cor
responding voltage. The pixels now charged with the voltages are scanned, and sent using the RS-170 Video trans
mission standard to the Controller. The data is sent via an analog signal sent through !he camera's interface cable. 

The controller stores each individual pixel and assigns it a value ranging from Oto 255. This value corresponds di
rectly to the amount of charge stored at the time of the scan: A pixel with the value of 0 indicates black, a pixel with 
a value of 255 indicates white, and all values in between indicate shades of gray. Figure 4, illustrates a CCD array 
with values assigned to each pixel. 
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Figure 4. CCD Pixel Array with Assigned Grayscale Values 

Camera resolution is determined by the number of pixels within the CCD array. The more pixels in the captures 
image, the higher the resolution or quality of the image. With the low resolution, or one field" option, the camera 
scans every other line on the CCD array. Although this reduces the resolution, this option can improve the overall 
speed performance of the controller. The high resolution or "two field'~ option sets the camera to scan every line on 
the CCD array. This option increases resolution, but with some cost in speed performance. 

The Scanning Process 
The following steps occur during the actual matrix reading process. First, the Controller obtains a two-dimensional 
image from the video camera. The image processing software inside the Controller locates the Data Matrix and ex
tracts the cell values. Then the Controller decodes the cell values and communicates the decoded answer across the 
RS-232 port (artd/or an optional external 1/0 card) back to the host computer. 

System 1/0 Lines 
The· Controller provides discrete input/output (I/O) lines for different applications. These 1/0 lines offer direct inter
action between the Controller and the production environment via the 1/0 card. The 1/0 lines allow you to add 
product sensors, strobes, rejection devices, or other user defined 1/0 sources to sense or illuminate products marked 

· with the Data Matrix symbol. A product passes through the sensor mounted in proximity of the monitored manufac
turing line. Once the sensor's path is broken, a trigger signal is sent from the sensor to the 1/0 module, located at the 
1/0 card, and then is relayed to the Controller 1/0 port. 

The Controller receives the signal and tells the camera to capture the upcoming image. The image is then decoded 
and data is sent to the RS-232 port. At the same time the RS-232 port receives data, the Controller sends signals to 
the 1/0 port as an output signal for the user. This signal may be used for various types of operational interaction 
within the manufacturing environment. · 

APPLICATION OF LASER MARKING IN MANUFACTURING 

The automotive industry has long been synonymous with advanced manufacturing techniques. The _industries need 
for high machine throughput and high process reliability has required continuing incorporation of innovative new 
manufacturing technologies. It is no surprise that automobile manufacturers have been among the first to employ 
lasers in the wide range of developing industrial applications. 

Today's manufacturing plants will frequently include large CO2 sheet metal cutting and welding systems for frame 
and body components, high power pulsed Nd:YAG lasers for hole drilling and spot welding, and low power con
tinuous wave Nd:YAG resistor and capacitor trimming systems for electronic circuit production. Helium Neon la
sers are used for a variety of measurement and alignment operations in manufacturing and quality control. The most 
recent application of this type of technology is three dimensional modeling by laser sintering, often referred to as 
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desktop n:anufacturi~g, in which plastic prototype parts are produced in hours rather than the days or weeks that 
were previously reqmred. 

La~er_ marking_ is ~erhaps the m_ost ~ersatile of the wide range of industrial laser processes available today. Since 
thetr introduction m the ~arly eighties, laser _engrav~rs have be~n used to mark an increasing variety of automotive 
comp_onents and assemblies. As ma_nufacturmg engmeers contmue to gain experience with the technology, laser 
marking systems have begu~ to be imple~ented not only as a more efficient means of product identification but as 
an element of larger production cells designed to solve broader manufacturing problems. 

Engine and other Component Marking 
In terms of sheer volume, no single subsystem of the automobile requires as much individual part marking as the 
engine and drive train. The modern combustion engine consists of hundreds of components that require a permanent 
marking process that will not only keep pace with the high speed production lines but will produce marking images 
which withstand harsh operating conditions. 

The engine pistons, either aluminum or iron are subjected to an environment of very high temperatures and me
chanical stress. Each piston is marked with identifying information, which can include the manufacturers part num
ber, the piston diameter and alignment mark. The overriding requirements of the marking process is that the mark
ing be permanent through the life of the component and does not distort or damage the piston to effect dimensional 
tolerances or induce microcracking. Laser marking was selected for the combination of permanence and non
contact, non-destructive processing which can be performed after final machining. With the subsequent success of 
the piston marking process, laser marking has been employed to mark the piston rings as well. 

Laser marking has also been implemented to mark components outside of the engine compartment. The Vehicle 
Identification Number (VIN) tags originally consisted of dot matrix alphanumeric characters marked by impact pin 
printers. With the advent of automatic identification, manufacturers wanted to include barcodes on the VIN tags for 
manufacturing control and after sale tracking. Impact printers however, were not capable of producing the solid bars 
necessary for a readable barcode. Laser marking resolved the problem with the added benefits of higher quality man 
readable text and the addition of the manufacturer logo. To deter the increasing theft of automotive stereo systems, 
laser marking is also used to serialize the component chassis prior to assembly. Unlike labels or ink printing, the 
laser marks can only be remove by filing or grinding away the serial number. · 

Tractability is an essential component of any quality system where customer feedback is important; the time to react 
to the customers needs is a key factor in rating service. In some cases failure analysis must be performed for two 
reasons, to predict and/or determine the product reliability or to determine the root cause on a specific failure mode 
reported by the customer. Such complaints could even lead to litigation. Therefore, any company in the automotive 
industry must keep a good control in tracing every single lot component that was used historically during their proc
ess. 

On safety related issues, the car company must prove that the car safety system operates according to its purpose. If 
this. can not be proven, an immediate action takes place in order to determine what potentially cause the system to 
fail; normally subsystem fail. Once the subsystem has been identified, the problem must be analyzed to the compo
nent level, one effective way to do this is by retrieving the subsystem serial number, such number can have embed
ded a meaning which was predetermined by the product engineer. Using data matrix, this process is almost instanta
neous, since the information read by the matrix can be easily retrieved from a database. 

Manufacturing and Process Control . 
Two-dimensional ID codes come in two flavors: Matrix and Stacked-Bar. Matrix codes are more or less checker 
boards with each square representing a bit. Stacked-bar codes are like a set of linear bar codes, but with each bar 
given a crew cut, such that the bars are short. Then the cropped bar codes are stacked one on top of the ~ther. So far, 
eleven 2D codes have been proposed or implemented: Data Matrix, Vericode, PDF417, Code One, MaxiCode (for-

merly UPS Code), Micro PDF, Array Tag, Codablock, Code 16K, Code 49, and the Phillips_ Dot Code. But of 
these, only the first five appear to be in wide use or under serious consideration by corporations and/or standards 
bodies. PDF417 is the only stacked bar code; the other four are matrix codes. Of the five contenders, at leaSt four 
have been placed in the public domain to obtain endorsements from industry standards groups. (However, one of 
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the most important groups, the Automotive Industry Action Group [ AIAG], is not yet convinced that Vericode 
meets their_standards for public domain). 

The implementation of a laser I.D. matrix system, has to be done with great consideration given to the customer 
requirements for labeling, tractability and record retention (test, performance results). It is important to have a 
manufacturing process already defined and to determine the interaction with other systems. Parallel to this activity, 
a prototype sample must be marked by the potential supplier, and evaluate the printing quality, cycle time and price; 
other aspects such as warranties and preventive maintenance requirements and cost as well as training must be con
sidered. It is recommended to chart all the different options in a matrix form to visualize the pros and cons of every 
option --

CONCLUSIONS 

The application of laser etching in the microelectronics and automotive industry has become increasingly important, 
as better quality and tractability of various components are absolutely necessary. Laser technology allows tracing 
every single component of a safety system, and retrieval of its original characteristics for inspection and verification 
as part of the reliability system. A good tractability system, is virtually an open book, where one could go back in 
time and study process behavior and observe the process variation due to changes in the components, machines or 
process parameters almost instantly. 

Data Matrix is a scaleable code that can be printed on almost any material. It allows for lot tractability of very small 
components such as semiconductor wafers, electronic parts, printed circuit boards, and pharmaceutical bright stock 
such as unlabeled stock stored for future labeling which necessitates inspection of inserts, outsets and date and lot 
code of products. 

The implementation of a similar system, in the industrial, logistics, pharmaceutical, and medical field could prove 
beneficial. The aspect of cost justification are extremely important since the intangible benefits that laser technology 
offers are not easy to detect. Other uses of this technology include production broadcast (providing inform~tion to 
assemblers, robots, and machinery on the production line), material safety data sheets, transportable data files, 
document systems, employee ID cards, medical records, and quality conveyance (the code on the product can in
clude the vendor's qualification test results for the individual product, certifications; and statistical data). 
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ABSTRACT 

The Branch-and-Bound (B&B) algorithm is _bas~d on _the idea of partitioning of the solution space and utilizing 
the upper ~ounds to constru~t a proof of op_timahty without exhaustive search to a combinatorial problem. This 
~ape~ applies the ~&B algonthm to ~etermme the optimal cycle time for a printed circuit board (PCB) assembly 
hne m a genera! mt~ger-programmm~ fo~at and to group different components on multiple non-identical 
placement machmes m the assembly lme m order to obtain the minimum cycle time. The B&B algorithm is 
used t~ branch the ~olution space in a ~ore efficient way to attain all the variables appeared to be integer. A 
numencal example 1s used to show the ideas presented in this paper. 

Keywords: Branch-and-Bound, printed circuit board assembly, partitioning, integer programming. 

INTRODUCTION 

With the challenge global competition facing by the electronics industry, operating effectively becoming hard to 
maintain as product variety and complexity increase, product life cycle shortens, and profit margin decreases. In 
addition, the capital investment is extremely high on electronics placement and assembly facilities, therefore the 
necessity on high productivity levels is a must. 

In this paper, the assembly of Printed Circuit Boards (PCBs) is considered, in which electronic components are 
placed automatically on the boards. There are one or more assembly lines available for component placement. 
And each line has one to more different component placemerit machines that are linked together. One of the 
primary concerns in the manufacture of the PCBs is the determination of the optimal production -and assembly 
plan. The planning of PCB assembly is usually decomposed into a three-level hierarchical problem proposed in 
the literature. The three levels are ( 1) PCB grouping and assembly line assignment. (2) Component grouping 
and machine assignment problem. (3) Component sequencing and feeder arrangement problem. The planning 
and scheduling of the three-level hierarchical problem has been addressed by several papers such as Ammions et 
al. [I], Ahmadi and Kouvelis [2], Askin et al. [3] , Crama et al. [4], Gunther et al. [5], Maimon et al. [6], 
McGinnis et al. [7], and Sadiq et al. [8]. 

This paper is focused on the second level of the hierarchical planning system. The major decision is how to 
group different component types into multiple non-identical component placement machines in the line in order 
to optimize the cycle time. The problem component grouping into different placement machines is commonly 
known as the component grouping/ assignment problem. Branch-and-Bound algorithm has been widely used 
approach in solving pure-integer and mixed-integer-programming problems. The algorithm is based on 
determining the optimal or sub-optimal continuous solution by the applying the Simplex Method, and then 
determining the associated integer solutions in the neighborhood of the extreme points. It starts solving the 
relaxation linear programming (LP) problem and search for an integer solution near to the optimal solution and 
continues searching for integer solutions near to sub-optimal points until a complete search is accomplished. 

When the assembly system has multiple machines, a decision regarding the allocation of component types to 
each individual machine must be made. Gilnther et al. [5] proposed the component knitting (grouping) problem 
in a semi-automated PCB assembly line, concerning about the allocation of the components among various 
identical assembly . stations (machines) while taking production time and component magazine capacity 
constraints into account. A heuristic solution concerning both the job (component) selection and machine 
selection was developed. Knitting might provide a considerable improvement on the overall productivity due to 
reduced setup time in the assembly shop. Wartkins and Cochran [9] presented a heuristic-based decision tool to 
rebalance several product groups on a line by selecting and moving the components from the bottleneck 
machines to non-bottleneck machines. Consequently, a reduction on component relocation cost could be 
resulted. Ammons et al. [I] discussed the component allocation problem for an electronic assembly system with 
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multiple but non-identical machines in an effort to balance the combined placement and setup times of a PCB 
assembly across the machines. An integer programming (IP) fonnulation of the problem was developed and 
two alternative solution approaches were presented. One approa~h was a list-processing-based heuristic, which 
assumed that every machine has the identical processing time in placing any components. However, the actual 
component placement time of a component depends on its own configuration and the placement machine 
selected. Another approach was based the linear programming (LP)-based branch-and-bound procedure, and a 
software package, MINTO, was used to solve the problem. For a large-scale integer linear programming model, 
M~TO is not an efficient tool to solve the problem. With the application of B&B algorithm The relaxation LP 
is tried to obtain a feasible solution by removing the integrality constraint. And LP relaxation gives a bound 
(upper bound for maximization problem or lower bound for minimization problem) of full model. The problem 
is known to obtain an optimal solution with a reasonable computational time and effort. 

PROBLEM STATEMENT AND MATHEMATICAL MODELING 

The framework for using the branch-and-bound (B&B) algorithm in component grouping problem is presented 
in Fig. 1. There are a number of different component types needed to be assembled in a specified printed circuit 
board type. The placement time for the component varies with different component placement machines. The 
planning system detennines the optimal cycle time for PCB assembly with the integral constraints. Given an 
assignment of component to placement machine, detennine from which machines each quantity for component 
types should be retrieved in order to minimize the assembly makespan. A component assignment scenario will 
result in minimum cycle time and balance workload with different machines. In this paper, the component 
grouping problem is fonnally represented as an integer linear programming (ILP) format with minimizing the 
cycle time as top priority. The mathematical model is given as follows: 

Minimize · 

T 

Subject to 

Where 

for i = 1, 2, .. , m 

for j = 1, 2, .. , ~-

All Xij should be an integer 

Tis total cycle time of the assembly line 
tij is the placement time for component type j by component placement machine i 
Si is the setup time for machine i 
Cj is the qµantity for component type j 
Xij is the decision variable with component type j assemble by machine i 

[ 1] 

[2] 

[3] 

The objective is to minimize cycle time (i.e. makespan) for producing the set of products. The first set of 
constraints defines the individual cycle time for the multiple non-identical placement machines of the individual 
components on the v.rinted circuit board accompany with their average setup times. The proportion of 
component types assembled by different placement machines is affected by their placement time on machine
component relationship as well as balanced workload. 

The second set of.constraints corresponds to the requirement of component types. The decision variables are the 
assignment of the proportion of components through different placeme~t machines. 
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In order to achieve the above objectives, an introduction of the B&B algorithm to the problem can partition the 
solution space and utilizing the upper bound to construct the proof of the optimality and in the meantime to cut 
off the exhaustive search. The optimization procedures required first relaxing the integrity constraint and 
solving it by means of traditional linear programming (i.e. Simplex method). Rounding off method is applied to 
find the upper bound, tying up with the requirement of the component types. Select and branching variables to 
perform the algorithm stated. The procedures for application of B&B algorithm in the component grouping 
problem can be summarized as following steps: 

Procedures for B&B algorithm 

1. Initialize the base solution in solving LP accompany by the integrity constraints relaxation. 
2. Initialize the lower and upper bound. 
3. Select the branching variables 

- Bottleneck machine 
4. Branch the decision variable by partitioning the solution space on one side first and then the other side, where 

between the solution obtained from LP (i.e. either ~ xij or~ xii+ I) 
5. Repetitive Step 3 and 4 until the equivalent of both lower and upper bound. 

NUMERICAL CASE STUDY 

The proposed system has been applied to a real life problem in which containing three component placement 
machines with four different component types. The placement time for machine-component relationship is 
shown.below: · 

Machines Component '_fypes Setup 
1 2 3 4 Time 

1 3X11 7X12 90000X13 12X14 S1=l l0 
2 7X21 l8X22 19X23 24X24 S2=147 
3 23X31 26X32 33X33 34X34 S3-l47 

Requirement C1=231 C2=24 C3=l2 c4=10 

Table I Placement time, setup time and demands requirement for machine-component relationship. 

By using the data from Table I, the mathematical formulation is presented as follows: 
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Min 

Subject to 

T 

T- 3x11 - 7x12 - 90000x13 - l2x14 ~ 110 
T- 7x21 - 18x22 - 19x23 - 24X24 ~ 147 
T -. 23x31 - 26x32 - 33x33 - 34X34 ~ 147 
X11 + X21 + X31 = 231 
X12 + X22 + X32 = 24 
X13 + X23 + X33 = 12 
X14 + X24 + X34 = 10 
T,x;/?:.0; i = 1, 2, ... . m; j = 1, 2, ... , n. 

[4] 
[5] 
[6] 
[7] 
[8] 
[9] 
[10] 

The optimal cycle time obtained from the commercial LP packages ( e.g. LINDO) with the relaxation of integrity 
constraints is 743.8 seconds. The Upper Bound (UB) is found by round-off method but must be still maintained 
the component requirement constraints. The UB of the cycle time equals the 7 4 7 seconds. The selection of the 
branching variable depends on the bottleneck component placement machine(s) where T is(are) maximum 
among 3 placement machines. Among various searching methods, in addition to the minimization problem, 
depth first search was chosen to partition the decision variables. Figure 2 (a-d} shown below indicates the steps 
in solving the numerical case. · 

NodeO 
Lower Bound (LB0) = 743.80 
Upper Bound (UB0) = 747.00 

Node I 
LBI= 744.10 
UBI= 747.00 

(a) 

NodeO 
Lowa- Bound (LBO) • 743.80 
Upper Bound (UDO)• 747.00 

(c) 

NodeO 
Low..- Bound (LBO) • 743.80 
Upper Bound (UDO) • 747.00 

(b) 

Node I 
Lowa- Bound (LBO) • 743.80 
Upper Bound (UDO)• 747.00 

(d) 

Fig. 2 (a) - (d) Steps for the numerical case by B&B algorithm 

The performance of the application of B&B algorithm on numerical case study depends on the number of 
branches and the number of iterations in optimization procedures. An integer programming method in LINDO 
was performed to act as a basis in comparison. It found that 37 branches are needed to obtain the optimal 
solution whereas by the B&B algorithm together with bottleneck mac):iine consideration need only 4 branching 
before an optimal solution attained. This can be largely safe in computational time and effect in optimization. 
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CONCLUSION 

The detern:inat_ion of cycle time in printed circuit board assembly, on the component grouping basis, is 
per~o°?ed m th1~ ~ap~r. _Branch-and-Baun? algorithm is ?ein~ introduced, to reduce the computational effort in 
ach1evmg the mm1m1~at1on of the cycle time .. In practice, 1t searches the bottleneck machine for branching 
variable. The algonthm proved to be efficient for the problem formulated in general integer format. 
Comparison was made with the build-in integer-programming package in LINDO and the problem accompanies 
with B&B algorithm. The proposed algorithm in solving the component assignment is proven to be efficient in 
grouping and computation effort. 

[l] 

[2] 

[°3] 

[4] 

[5] 

[6] 

[7] 

[8] 

[9] 
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ABSTRACT 
This paper investigates the extent of Total Quality Management (TQM) implementation in two California public 
university systems: the California State University (CSU) and the University of California (UC) systems. TQM 
implementation and the benefits and challenges of such implementation are discussed and analyzed. This study 
reveals that more than half of the California public universities are implementing TQM in one form or another and 
the TQM implementation in the CSU system is much wider than that in the UC system. In general, the character of 
implementation is still limited to business-type operations in universities, such as Business Finance and 
Administrative Services. 

INTRODUCTION 
Following the path of Corporate America, many US academic institutions have embarked on a mission to improve 
their quality in order to remain competitive. In the past ten years, many US universities have either partially or 
totally become involved in TQM implementation. Quality Progress reported that as many as 146 universities were 
involved in TQM in 1998 [8]. According to Tuttle [6], a growing number of universities are embracing TQM for 
the same reasons that led industry and· government to embrace it: "management systems an~ outmoded and can no 
longer ensure success in an increasingly competitive world." Oblinger [3] observed that "risi'ng costs, reductions in 
funding and fluctuating enrollments combined with public demands for higher quality are raising a number of 
questions on university campuses: (1) how can administration be made more effective and responsive while . 
avoiding or reversing staff expansion? (2) how can the efficiency and quality of instruction be improved? (3) how 
can we appeal to a new generation of students? (4) how can we be more student (customer) oriented? (5) how can 
we be more responsive to the changing needs of those who employ our graduates?" To address these issues and 
improve performance, a number of universities have started TQM irutiatives. Bresler [1] explained that "TQM's 
practical process-based approach is attractive to many higher education administrators who find themselves 
increasingly challenged to offer a higher quality 'product' at a more affordable price." 

· According to Vazzana, et al [7], TQM is widely practiced in higher education, and even the Malcolm Bridge 
National Quality Award,-an internationally recognized guide of modem quality management, now has criteria for 
educational institutions. However, Karapetrovic, et al [2] indicated that without a methodical approach to 
improving quality and profitability, and a focus on the university system, TQM efforts may be doomed for failure . 
Montano and Utter [4] observed: "While implementing TQM and quality improvement endeavors at educational 
institutions can be difficult at best, the results can be extremely beneficial for all involved." 

Even though many universities have created TQM-related courses or programs to comply with the demands of the 
corporate world, it is difficult to draw any reliable conclusions about the popularity ofTQM practices in US 
universities, specifically California's universities. 

Lately, there have been positive signs in California to support a renewed interest in the "Quality" of California's 
higher education. The newly elected governor of California has repeatedly and strongly stated that education is his 
top priority. Consequently, the governor and the new legislature will be equally concerned about accountability and 
performance in our education system which will lead to focusing on "quality." In November 1998, CSU Chancellor 
Reed stated at the CSU academic conference [5] that he wants to work hard to create a culture of "quality" at the 
CSU. He listed two parts to that challenge; the first is to focus on improving quality, and the second is how to 
create a culture of quality in CSU. All these positive signs could potentially have a significant impact on TQM in 
California's public universities. 
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The main purpose of this paper is to investigate the use ofTQM in California's universities Acco d' t Q 1·ty , 1 · • • . . . r mg o ua 1 
Progress surveys, on y one umvers1ty m the state of California was using TQM 1·n 1991 · · ·t · 1992 . . . . . . , six were usmg 1 m , 
seven m 1993,_ten 1.n. 19?4 an~ 199~, nme m _1996, six_m 1997, and nine in 1998. These numbers suggest that either 
m~st of the um~ers1ties m Cahforn1~ are not mvolved_ many TQM practices, or they are not reporting what they are 
domg. No published research has tned so far to provide a more accurate picture of the use of TQM · c l'fi · , 

• • h b' · · f h' . m a 1 orn1a s 
univer~1ties. T e ~m 1_t1on °_ t IS_ stud~ is t_o_ fill that :void. This paper aims at showing the extent and character of 
TQM implementation m California umvers1ties, specifically California public universities. 

RESEARCH METHODOLOGY 
A quest_i~nn~ire was ~ent t? the twe~ty-~o universities in the California State University system and the nine 
universities I? the U~1vers1ty of California s~stem. One hundred and thirty-five copies of this questionnaire were 
sent out to Vice Presidents (CSU system), Vice Chancellors (UC system) of Administrative Affairs and Academic 
Affairs, Deans of UC Schools of Business, Production and Operations Management (POM) Coordinators of CSU 
Schools of Business, and Deans of Schools of Engineering and Education from both systems. Each university 
r~ceived from two to five copies of the questionnaire. 

Although the questionnaire was designed for all respondents to answer all the questions, Vice Presidents and Vice 
Chancellors were expected to provide most of the information concerning university-wide implementations or any 
implementations in Administrative and Academic services. Deans and POM Coordinators were surveyed for two 
reasons. First, they are more likely to know about any TQM practices initiated either by their schools or any of the 
departments within the schools. Secondly, they were expected to provide information about any TQM related 
programs, degrees or courses offered by their schools. 

In addition, some extensive research was conducted on the different universities surveyed, through their catalogues 
and web pages in order to collect some additional information not provided by the survey responses and to verify 
some of the information collected. 

ANALYSIS OF RESULTS 
A total of sixty-four responses were received out of 135 surveys sent out, for a response rate of 47%. All 
twenty-two CSU universities surveyed returned at least one response, and eight out of the nine UC universities 
returned at least one response, for a response rate of 97% from the universities. · 

Based on the survey's results, it appears that TQM is more popular among California's public universities than it 
was previously reported. More than half (55%) of the universities surveyed have indicated using TQM in one form 
or another. Among universities that reported having a TQM practice, 82% are from the CSU system versus 18% 
from the UC system. These figures show the wide adoption and popularity ofTQM among CSU universities. 
About 64% of the universities in the CSU system are involved in TQM practices while just about 33% of the UC 
universities that answered the survey reported having TQM practices. 

The large majority (69%) of the universities that are not involved in TQM have reported that they never considered 
the idea of implementing TQM. This finding confirms that a large number ofuniver~ities are indeed skeptical about 
TQM success in academia. Many of these universities (23%) have opted for Business Process Reengineering, a 
more radical approach to Quality Management that promises faster results. 

Many TQM advocates in academia have supported the idea of starting TQM implementation in the business side of 
universities first because it is relatively easier. The results of the survey tend to enforce this idea and indicate that 
most universities implementing TQM do start with their Administrative Services where processes are very similar to 
business processes in industry. Figure 1 shows that among the un~versities tha_t re~orted_usin~ ;'Q~, . . . 
Administrative Services is the most popular area (76%) for TQM implementation m California s umvers1t1es, while 
implementation at the School/ College levels are still limited. Only 18% of the unive_rsities reported impleme~ting 
TQM at the School/College level. In addition, only a few universities are implementing TQM on a campus-wide 
basis (18%). 
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Figure 1. Areas of TQM Implementation 

Among the universities implementing TQM in the Administrative Services, more than half (54%) have moved 
beyond the pilot implementation stage and expanded the impl~ entation to all Administrative Services. Plant 
Operations and Facility Management appears among California's universities as the most popular area for TQM 
implementation in Administrative Services (31 %), followed by Business and Finance (23%). 

The survey found that California's universities have been among the first universities in the country to embrace 
TQM. About 35% -0f California's universities involved in TQM started their program more than five years ago and 
are among the early adopters of the new management philosophy when it started in the early 1990's. In addition, 
almost half of California's universities (47%) have be(?n implementing their TQM program for three to five years, 
placing them among the early followers of TQM. 

About 94% of the universities using TQM have reported some improvement in various areas. While no university 
answered "No" to this question, 6% of them did not answer the question. 
As shown in Table 1, Customer Service is the main area where the large majority of the universities (81 % ) have 
seen a lot of improvement. In part, the improvement of Customer Service has been made possible with the 
improvement of business, fin·ance and administrative processes where 63% of the universities have reported 
successful results. Unfortunately, the academic side has not yet received significant attention with only 6% of the 
universities reporting some improvement in the quality of the programs. While universities have made some efforts 
to streamline their business processes and provide better business and administration-related services, little effort 
has been made to improve customer service in the classroom. 
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Table 1. Percentage of Universities Which Reported Improvements in 
Different Areas a R It f TQM I I sa esu 0 mo ementation 

University Customer Business/Finance & Team/ Empowerment/ Program Mission 
Area Service Administration Staff Entreprenuership Quality Clarity 

Responses 81% 63% 25% 6% 6% 6% 

Among the challenges faced by the universities that have gone through the TQM implementation process, 
"resistance to change by faculty, administrators, or staff' has been reported as the main challenge, as shown in 
Table 2. TQM champions in the university environment, like their counterparts in industry, often face some 
resistance from people who are afraid of losing either their privileges or their comfort zone. 

The next biggest challenge is "lack of resources." Universities are always complaining about being under funded 
and survey results indicate that universities are not willing to commit the resources needed for the long-term 
continuous improvement advocated by TQM. 

a e T bl 2 P ercen a2e o mvers1 1es IC fU. 'f Wh' hR eported Different Challen2es for TQM Implementati on -
Reasons Resistance Lack Lack Lack of Lack of Lack 
Given to Of Of Administrative Campus-Wide of 

Change Resources Leadership Support Strategic Plan Time 
Responses 75% 56% 38% 12% 6% 6% 

CONCLUSIONS 
It seems that more California public universities are involved in TQM implementation than previously reported. 
This study reveals that more than half of these universities are implementing TQM in one form or another. The 
TQM implementation in the CSU system is much wider than that in the UC system. In general, the character of 
implementation is still limited to business-type operations in universities such as Business and Finance, and 
Administrative Services. However, universities which have implemented TQM almost unanimously reported some 
improvement as a result of this implementation. A noticeable, but rather expected, issue is that TQM 
implementation has been insignificant to the academic side so far. Not surprisingly, this study proved that the main 
challenge to TQM implementation in California public universities is the resistance and unwillingness to change by 
faculty, administrators, and staff. 

The recent renewal emphasis on "Quality" in California higher education, especially in the CSU system, should 
definitely have a positive effect on expanding TQM implementation in California's public universities. However, it 
is important to note that this implementation and its character could be materialized under different names, such as 
Quality Improvement or Quality Culture for example. One thing is certain, regardless of its name, this 
implementation will never be successful without the CSU system leadership and the full participation and 
involvement of faculty, administrators, and staff. 
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ABSTRACT 

Life Cycle Cost (LCC) is the total cost of owning an item during its life. The cost of operating and maintaining any 
product over its life cycle is frequently more than the initial price. Properly applied, LCC analyses include, in 
addition to the initial purchase price, a specification of operational requirements, a prediction of maintenance 
expenses, and a plan illustrating major life-cycle activities for the product. Using this type of information, LCC 
concepts can be used to develop a financial model where appropriate consideration is placed on recurring costs such 
as maintenance, operating, and disposal costs. The goal of this financial model is to procure, operate and maintain a 
product that has the lowest total cost of ownership. This article reviews state-of-the-art knowledge on developing 
deterministic Life Cycle Costing models, and sets the stage for the second article by_ the authors on probabilistic 
LCC. 

INTRODUCTION 

The life cycle phases of machinery and equipment refer to the period of time from system concept and definition to 
disposal and are usually identified· as nonrecurring cost and support costs. Non-recurring costs occur during (1) 
system concept and definition; (2) design and development; and (3) manufacturing, buiiding and installation phase; 
whereas support costs occur during (4) operation and maintenance support; and (5) disposal phase of the machine. 

Purchased equipment must be supported for its total life cycle. The cost of support over the life cycle •is usually 
·much more than the initial acquisition cost. In practice, the acquisition cost is primarily concerned with the first 
three phases of the life of the equipment ( concept; design and development; and build and install), which results in 
installation of the equipment in the plant. This initial acquisitiQ_J! cost is a nonrecurring cost factor and does not 
include the support cost which goes on until the equipment is disposed. 

Life-Cycle Cost (LCC) analysis needs to be based on a definition of system operational requirements, a definition of 
the maintenance concept, and a program plan illustrating major life-cycle activities for the system. LCC is a 
financial model where full emphasis is placed on maintenance, operating, quality, and acquisition. LCC should be 
used as a decision making aid in purchase and process change decisions. Its goal is to install, operate and maintain 
equipment at the lowest cost of ownership. 

Purchase of an inexpensive piece of equipment could result in more downtime, loss of production, and quality cost. 
As an example, in consider the life cycle cost of two machines, both with a Mean Time Between failure (MTBF) of 
24 hours. If machine one has a Mean Time To Repair (MTTR) of 1 houri whereas machine two has a MTTR of 1.5 
hours, machine two will be down an additional 30 minutes per day. Assuming that the two machines are similar in 
all other performance measures, at a production revenue of $1000/hr, purchase of the second equipment results in an 
opportunity loss of $500/day ( over $100,000 per year). 

SURVEY OF THE LITERATURE ON DETERMINISTIC LCC 

Recently, the authors conducted a comprehensive search of the published articles on the subject oflife cycle costing. 
The search revealed .numerous application of life cycle costing to a variety of products, equipment, components, and 
systems. In what follows some of the more pertinent literature on a variety of applications of Life Cycle Costing is 
cataloged. 
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1. !ife cyc~e co_sts of pumps in c~emical industry [ 1]. This paper uses LCC analysis to find the costs of pumps used 
in chemical industry. The basic model is LCC = LCC 1 + LCC + LCC . 

mves ment energy maintenance• 

2. (}ptimi~ing insu~atio~ thickness for buildin?s using life cycle cost [2]. The authors developed the opti~ization of 
insulation material thickness and then applied it to Palestine. · 

3. Component part standardization: A way to reduce the life-cycle costs of products [3]. This paper studies the 
effects of component part standardization on life-cycle costs. The authors explain how component 
standardization reduces the costs of different phases of the product life cycle and point out some the possible 
disadvantages of component standardization. 

4. The Future of Minimal Manning and Its Effects on the Acquisition and Life-Cycle Costs of Major Coast Guard 
Cutters [4]. This paper presents a study designed to research the quest for minimally manned crews and its 
applicability to military vessels. Emphasis is placed on the theory behind automation and the organizational 
impacts associated with minimal manning. This article describes the relationship between pursuing optimal 
manning, cutting costs by reducing crew sizes and reducing margins of safety and redundancy. 

5. Life-cycle costs of fiber-reinforced-polymer bridge decks [5]. This article examines the life-cycle cost
effectiveness of three FRP bridge decks, using a life cycle cost method specifically tailored for comparing new 
materials with conventional ones. 

6. Access Network life-cycle costs [6]. This paper details the importance of access network cost analysis by 
considering a life-cycle model. The paper gives the telecommunications life cycle model. There are several 
techniques and methodologies which exist to aid the analysis of costs, such as ABC methods, whole- life costs, 
end-to-end costs, and incremental costs. They have developed a model to investigate process costs. 

7. A knowledge-based system integrated with numerical analysis tools for aircraft life-cycle design [7]. An 
integrated design and manufacturing approach allows economic decisions to be made that reflect an entire 
system design as a whole. To achieve this objective, they have developed and utilized integrated cost and 
engineering models within a focused design perspective, and a knowledge-based system that can be used to 
evaluated aircraft structural concept material and process selections. 

8. Life cycle cost modeling using marked point process [8]. This article presents a life cycle cost model of a 
repairable system. The model is based on a marked point process and allows for non-constant failure intensity 
as well as stochastic nature of costs associated with system's failure. 

9. Life Cycle Costing-Theory, Information Acquisition and Application [9]. Optimizing the trade-off between those 
cost factors will give the minimum life cycle cost of the asset. This approach to decision making encourages a 
long-term outlook to the investment decision-making process rather than attempting to save money in the short 
term by buying assets simply with lower initial acquisition cost. 

IO. En~rgy-Efficient Induction Motors Performance Characteristics and Life-Cycle Cost Comparisons for 
Centrifugal Loads [10]. This paper discussed the true "control valve loss" factor taking into account actual 
speed differences among motor options. The main content is focused on ~otor design. The paper introduces the 
LCC comparison based on efficiency and speed variations among motor options. They use a. mathematical 
model to calculate the LCC of motors and find the lowest LCC. 

The articles listed above are by no mean a comprehensive review of the literature, but they do give a representative 
sample showing the interest in applying LCC to optimize the overall cost of a product or process . 

. A BASIC DETERMINISTIC MODEL FOR LIFE CYCLE COST 

As shown in Figure 1, life cycle cost is the sum of all cost factors over the expected life of the machinery. 
Appropriate discount factors may be applied for present worth cost analysis. In LCC analysis, the cost breakdown 
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structure shows numerous categories that are combined to provide the total cost as needed. The analyst, manager, 
customer and supplier must all have the same understanding of what is included in a given category and what is not. 
Lack of adeq~ate definition causes inconsistencies in the evaluation process, and could lead to a wrong decision. 

LCC 

OPERATING .~ 

COSTS(O)~ 

OPERATING~ 
COSTS(O) ~ 

Scheduled-< 
Maintenance 

< (Ms) 
MAINTENACE 

COSTS 
(M) 

Unscheduled -< 
Maintenance 

(Mu) 

Conversion / Decommission 

Purchase Price (P) 
Administration/ Engineering (AE) 
Installation (I) 
Training (T) 
Conversion (C) 
transportation (TR) 

Direct Labor (D) 
Utilities (U) 
Consumables (Cc) 
Waste - Handling (W) 
Lost Production (LP) 
Spare Parts Maintenance (Sp) 

Life of Equipment (LE) 
Preventive Maintenance Schedule (PM) 
Cost of Repair (CR) 
Fixed Labor Costs (FL) 

Life of Equipment (LE) 
Unscheduled· Breakdowns 
Average Cost of Repair (CRA v) 
Parts per Year (Pv) 

Figure 1. Major components of a dete~!nistic LCC model. 

Application of the Life cycle Cost concept requires the following steps: 
· 1. Analyze and define the total life cycle phases for the equipment under consideration 

2. Estimate the period of ownership. 
3. Determine operating and maintenance cost factors. 
4. Consider additional time-related factors for costs such as inflation and rate of return. 
5. Calculate the LCC by formulating a mathematical IT!?del. 

DETERMINISTIC LIFE CYCLE COST SOFTWARE 

Using Microsoft Excel, an executable program has been developed that collects information on different costs 
associated with the purchase and use of a piece of equipment, and the performance of that equipment during its 
useful life. The information is then used to calculate the overall life cycle cost of the equipment. The software has 
the capability of comparing the performance . of two pieces of equipment and offers several graphical cost 
comparisons. 

The program is designed to be user-friendly, with a very simple input-output procedure. To start the program, the 
user may click on the LC<; icon, at which time, the main LCC screen appears. The main menu has the following four 
options: 

• Input data • 
• Edit database • 

Compare data 

Save and exit LCC . 
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To enter data on a new piece of equipment, the ·user may use the input data menu. In all there are four forms that 
need to be filled out. The first form gathers general information regarding the company, whereas the other three 
forms collect information pertinent to the equipment that is being analyzed. The user may go back and forth between 
these forms, and use the default values (if he/she wishes to do so), but should respond to all questions, prior to 
performing any analysis. 

The input data can be entered into four forms shown in Table 1, as follows: 
1. Program Parameters: _ this form is designed to collect general information on the overall production 

requirements. 
2. Equipment Parameters: this form is designed to collect information on the equipment specifications. 
3. Maintenance Requirements: this form is designed to collect specific information on the equipment's 

downtime and maintenance requirements. 
4. Consumable Requirements: this form is designed to collect specific information on the equipment's 

consumable requirements. 

Form 1: PROGRAM PARAMETERS Form 3: MAINTENANCE REQUIREMENTS 

Identification tag: 3 Identification tag: 3 

Machine type: Milling Scheduled preventive ma int. (hrs/year/machine): 100 

Name of machine: Mill Scheduled maintenance cost ($/hr): 100 

Number of machines to be purchased (approx.): 4 _Mean time between failure {MTBF in hrs): 60 

Operating hours {hrs/day): 16 Mean time to repair (MTTR in hrs): 1 

Operating days (days/year): 260 Cost of crisis downtime ($/hr): 500 

Production requirements (pcs/year): 400000 Cost of spares stocked ($/machine/year): 1000 

Direct labor cost (regular time) ($/hr): 15 Mean time between retool {hrs): 240 

Cost of electricity ($/kW): 0.03 Mean time to retool {hrs): .25 

Interest rate (for present value calculation)(%): 0.12 Cost of tools per machine ($/occurrence): 2500 

Inventory carrying cost for spare parts ($/$1/year): 0.2 

Form 2: EQUIPMENT PARAMETERS Form 4: CONSUMABLES REQUIREMENTS 

Identification tag: 3 Identification tag: 3 

Estimated machine life (years): 5 Lubricant cost ($/year): 1000 

Production rate (pcs/hr): 30 Coolant fluid cost ($/year): 2000 

Machine efficiency/ speed ratio(%): 0.95 Electricity consumption (kW/hr): 50 

Quality yield (1-% scrap)(%/machine): 0.9 Misc consumables ($/yr): 1000 

Number of operators needed (operators/machine): 1 

Initial cost of equipment ($): 100000 

Warranty cost ($/machine/year): 10000 

Warranty length (years): 3 

Installation cost ($/machine): 5000 

Additional hardware I software ($/machine): 1000 

Training hours {hrs/operator): 48 

Training cost ($/hr): 40 

Miscellaneous cost ($/machine): 500 

Table 1. LCC Data Entry Forms. 

Upon completion of the data entry stage, the analyst can use the program to calculate the . overall cost of the 
equipment over its entire life. The summary report can then be used to generate a comprehensive report on all the 
major elements of life cycle cost. It includes procurement cost, training cost, scheduled and unscheduled 
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maintenance cost, consumable cost, retooling cost, personnel cost, overtime production cost, and overall life cycle 
cost. The report will also show the required number of machines, any need for overtime, and overstocked 
production. Table 2 shows a sample of the summary _report. · · · 

SUMMARY REPORT 

Identification tag: 3 

Machine type: Milling 

Name of machine: Milling Machine 

Estimated machine life (years): ., 5.00 

Total acquisition cost($): 546000.00 

Training cost ($): 7680.00 

Scheduled downtime cost ($/year): 46933.33 

Unscheduled downtime cost ($/year): 138666.67 

Consumables cost ($/year): 28960.00 

Retool cost ($/year): 173333.33 

Number of machines to be purchased: 4.00 

Number of machines actually needed: 3.91 

Production requirement (pcs/year): 400000.00 

Actual production achieved (pcs/year): 409186.72 

Production surplus/ shortfall (pcs/year): 9186.72 

Overtime requirements (hrs/year): 0.00 

Total overtime cost ($/year): 0.00 

Personnel cost ($/year): 249600.00 

Inventory carrying cost ($/year): 800.00 

Present value of total cost ($): -3669085.41 

Table 2. A Sample of the Summary Report. 

In addition to the summary report, the analyst can use the generate,g_raph menu to compare different elements of life 
cycle cost. Figure 2 shows a sample of the graphical comparison of different elements of life cycle cost. 

Graph of Various LCC Elements 

300,000 

□ personnel cost ($/yrs) 

250,000 

.}: 
m scheduled dow ntirrecost ($/yrs) 

200,000 
Cl) □ consurrables cost ($/yrs) ... 
.2 . 150,000 
0 
0 □ training cost ($/yrs) 

100,000 
■ unscheduled dow ntirre cost 

50,000 
($/yrs) 

-□ total over tirre cost ($/yrs) 

Figure 'i. A· sample of the graphical comparison of different elements of life cycle cost. 
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This program can be used to compare the overall costs of two or more competing systems, study the impact of 
reliability and maintainability on the cost of owning equipment over its entire life, and generate several plots 
representing different elements of cost and their significance. 

CONCLUSIONS 

Using Microsoft Excel an executable program has been developed that collects information on different costs 
associated with the purchase and use of a piece of equipment, and the performance of that equipment during its 
useful life. The program then uses the information to calculate the overall life cycle cost of the equipment. The 

· software has the capability of comparing the performance of two pieces of equipment and offers several graphical 
cost comparisons. 

The software takes into consideration the equipment's characteristics such as the production rate, the scrap and 
rework rate, the mean time between failures, mean time to repair. It includes several time and cost components such 
as the occupied space, training time and costs, warranty period and cost tooling time and cost, energy consumption 
and cost, hardware/software requirements and costs, spare part inventory requirements and costs, etc. 

The notion of Life Cycle Cost is not foreign to most manufacturers, anymore. Recent global competitiveness has 
forced manufacturers to pay more attention to the overall cost of the machinery and equipment that they purchase. 
The use of the LCC software helps the machine tool users use an analytical tool to compare two or more alternative 
machines, and select the one that outperforms others based on its overall life cycle cost. 
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ABSTRACT 
This paper examines the relationship between selected economic indicators and the movement of the Dow Jones 
Industrial Average (DTIA). Data of selected economic indicators are analyzed to capture historical relationships among 
underlining economic variables. 

INTRODUCTION 
The Dow Jones Industrial Average (DTIA) is one of the most widely watched and best-kno.wn barometers of 
economic health. At one hundred plus years in existence, it is the oldest continuing U.S. market index. The DJIA is 
an index composed of thirty 'blue chip' U.S. stocks. 'Blue chip' is the name given to high quality companies with 
lengthy histories of stability and growth. These companies are considered 'safe investments' and are often found in 
the portfolios of institutional investors who are more concerned with the preservation of capital than with growth. 
The most recent change to the composhion of the DJLA was in November of 1999. On that date, Union Carbide 
Corp., Goodyear Tire & Rubber Co., Sears, Roebuck & Co. and Chevron were deleted and ·Home Depot Inc., Intel 
Corp., Microsoft Corp., and SBC Communications were added. In choosing new companies for the DnA, the 
editors of the Wall Street Journal focus on substantial, industrial companies with histories of successful growth and 
w~de interest among investors. 

The DTIA is .termed an average due to the fact that it was originally computed by adding up stock prices and dividing · 
by the number of stocks. On May 26, 1896, the index of twelve sto&es (now thirty) was launched by Wall Street 
Journal co-founder Charles Dow and distributed by hand. The underlying methodology remains the same today, 
however the _divisor has been changed to preserve historical continuity. The most frequent reason for such an 

. adjustment relates to stock splits. 

The DJLA is a price-weighted, as opposed to market-weighted, index. In other words, within the DTIA, high priced 
stocks carry more weight than lower priced stocks. For example, a 3% change in a price of a stock at $100/share will 
have a greater impact on the DJLA than a 3% change in th'e price of a stock at $20/share. This means that if a 
particular stock moves up or down, it will have the ·same effect on the DTIA that is has on the stock itself. By 
contrast, in the S&P 500 Index (a market weighted index) a change in the price of a stock is multiplied by the 
number of outstanding shares- of the stock. A 3% change in the price of a stock with a small market value will have a 
much smaller impact than a 3% change in the price of a stock with a large market value. 

In most cases, by analyzing historical events, ml.lch can be postulated about the present and the future. This adage 
has been applied to the fate of the DTIA. During the seventeen-year period December 31, 1964 to December 31, 
1981, the DTIA went from 874.12 points to 875 points. During that same seventeen year period, the Gross Domestic 
Product (GDP) of the United States - the business being done in this country - almost quintupled, rising by 
370% ... [In addition,] the ~ales of the Fortune 500 more than sextupled [5]. However, this does not depict the entire 
picture nor does it consider the other relevant barometers that would impact the DTIA during this period. Interest · 
rates also played a key role in the movement of the· Dow. The higher the .interest rates, the greater the downward pull. 

This is due to the fact that the rates of return that investors need from any kind of investment are directly tied to the 
risk-free rate that they can earn from government securities. Therefore, if the government rate rises, the prices of all 
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o_ther investrnents must adjust d_own~ard, to a level that brings their expected rates of return into line. Every time the · 
nsk-free rate moves by one basis pomt - by .01 % - the value of every investment in the country changes. 

Accordingly, during the 1964 - ! 981 period cited above, there was a dramatic increase in the rates on long-term 
gove_~ent bonds. ~hese rates mc~eased fro~ 4% in 1964 to 15% by 1981. As Buffett explains, " ... tripling the 
gravitatlo~al pull of interest rates [~s the] maJor explanation of why tremendous growth in the economy was 
accompanied by a ~tock market gomg now~e~e." However, many distinct changes would take place during the next 
seventee~-ye~r penod that woul~ once agam impact the DJIA. In this period, beginning in 1982, the GDP barely 
tripled, signalmg much less growth than during the initial seventeen-year period (1964 - 1981). At the same time, 
interest rates declined. By the end of 1998, long term government interest rates were down to approximately 5%. The 
dramatic changes in these two fundamentals (interest rates & GDP) explain much of the more than tenfold rise in 
equity prices. During this second seventeen-year period, the DJIA went from 875 to 9,181. If you invested $1 million 
dollars in the Dow on November 16, 1981, and reinvested all dividends, you would have had $19,720,112 on 
December 31, 1998 - an annual return of 19% [3] [5]. 

Historically, economists and policymakers have used two major approaches to help predict future outcomes. The _ 
first approach relies on large-scale statistical models of the economy that capture historical relationships among 
hundreds of economic variables. The second approach is simpler: focus on small models containing just a few 
variables, such as money growth and interest rates, that seem to provide information about future output growth, 
employment, and inflation [l] [2] [6]. 

In the 1960s and early 1970s, one standard way of predicting inflation relied on the Phillips curve. The Phillips 
curve posits a link between the unemployment rate and inflation: when the unemployment rate is low, inflation is 
high, and vice versa. Before the 1970s, a stable Phillips curve seemed evident in the data. But the relationship broke 
down following the oil-price shocks and high inflation of the 1970s [7]. 

Then many proposals suggested monetary policy be guided by, or even target, certain variables that are sensitive to 
the market's expectation of inflation, such as commodity prices and interest rate spreads. But the following 
breakdown of the money-demand relationship meant money growth was no longer a reliable variable on which to 
anchor monetary policy. Once it became clear that the simple Phillips curve and growth of the money supply had 
become increasingly unreliable for setting monetary policy, a search for alternative indicators commenced. After all, 
a desirable monetary policy is one that responds to inflationary pressures well before actual inflation begins to rise. 
Perhaps by focusing on other predictors of inflation, rather than variables such as money growth and 
unemployment, policymakers could better achieve goals of low inflation and long-run price stability. 

COMPOSITE INDEXES 
Economic indicators are statistical data showing general trend in the economy. The movement of the economic 
indicators has an effect not only on the economy itself, but also the DJIA. There are a variety of economic 
indicators: leading, lagging or coincidental ones. Leading economic indicator- an economic or a financial 
variable that tends to move ahead of and in the same direction as general economic activity. Lagging economic 
indicator- an economic or a financial variable, the movements of which tend to follow the movement of overall 
economic activity. Thus, a lagging economic indicator would reach a peak after a peak in economic activity and 
would hit bottom after a bottom in economic activity. Index of leading economic indicators - an index that is 
compiled by the Department of Commerce and indicates the future direction of economic activity. A rising 
index signals that economic activity can be expected to increase in the near future. 

Consumer Price Index 
This index is based on the prices of several thousand products in 56 cities _around the United States. The average 
prices for individual products are combined into group indices and then are combined further into the all items 
CPI. The weights used to combine the different product prices into group indices are based on the proportions of 
these items in consumer expenditures as recorded in a survey. The figure released monthly is the percent change 
from the prior period. The CPI is the most widely used indicator of inflation, as well as a measure of consumer 
purchasing power when compared to personal income changes. Currently, the base period, which equals 100, is 
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the average prices that existed between 1982-1984. The CPI categories and respective weightings are: housing-
42%; food-18%; transportation-17%; medical care-6%; apparel-6%; eritertainment-4%; other-7%. 

Exports/Imports of Goods and Services 
Exports - a good or service that is produced in one country and then sold to and consumed in another country. 
Because many companies are heavily dependent on exports for sales, any factors such as government policies 
or exchange rates that affect exports can have significant impact on corporate profits. 

Imports - a good or service brought into a country from another country and offered for sale. While some 
imported items originate in foreign subsidiaries of domestic companies, large-increases in imports tend to hurt 
sales and profits of many firms located in the importing country. 

Balance of trade - a country's balance-of-trade position has great impact on its economic activity and on the 
profits of companies operating within it. 

Gross Domestic Product 
The total value of all currently produced goods and services sold on the market during a particular time interval 
(usually one-year). This figure is the most widely used measure of the economy's overall size. The four major 
components of the GDP are consumption, investment, government purchases, and net exports. 

Producer Price Index 
A comprehensive index of price changes at the wholesale level. Because wholesale price changes eventually 
find their way into consumer prices, the PPI is closely watched as an early indicator of future retail price 
changes. Unlike CPI, it does not include services. It compares prices for approximately 3,450 commodities to a 
base period. Currently, the base period, which equals 100, is the average prices that existed in 1982. The PPI 
categories and respective weightings are: finished consumer goods-40%; food-26%; capital equipment-25%; 
energy-9%. 

Retail Sales 
The retail sales data provides valuable information about consumer spending the consumption part of the gross 
domestic product (GDP). Consumption spending accounts for mor~ than one-half of GNP. Retail sales data 
represents merchandise sold for cash or credit by retailers. Durable'-goods, such as autos, make up 35% of the 
figure. The balance consists of nondurables, such as gasoline, restaurants, and general merchandise. 

Housing Starts 
The housing industry accounts for about 72% of investment spending and 5% of the overall economy. Housing 
starts is important because it is a leading indicator. Sustained declines in housing starts slow the economy and 
can push it into a recession. Likewise, increases in housing_ activity triggers economic growth. 

Unemployment Rate 
The number of jobless individuals actively looking for work divided by the total of employed and unemployed 
individuals. The number is expressed as an annual rate. Comprehensive unemployment is a lagging indicator of 
economic conditions, that is, one that historically reaches its peaks or troughs later than the corresponding turns 
in the business cycle. 

Inflation Rate 
A general increase in the price level of goods and services. Unexpected inflation tends to be detrimental to 
security prices, primarily because it forces interest rates higher. A certain amount of inflation is already 
embodied in security prices. 

1st ORDER REGRESSION.MODEL 
A 1st Order regression model is built aimed at determining the correlation between the dependent variable, the DTII, and 
several economic indicators. The initial economic indicators chosen for this model are: CPI; GDP, UNRA TE 
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(Une~ployment Rate), IMGS (Imports of Goods-and Services), EXGS (Exports of Goods and Services), INFRATE 
(Inflation Rate), US$VSTR (Exchange Value of US$ Vs. Currency of Trading Partners), PCLR (Prime Commercial 
Loan Rate), PPI (Producer Price Index), LEADINDI (Leading Indicator), RETAIL, and HOUSING. 

The data for the regression model spans a 30-year period. The data for the response variable (Dow Jones) is entered for 
every six months beginning with December 1969 and ending with December 1999. Because the model is testing the 
power of predictability of the chosen economic indicators, the data for those was entered beginning with June 1969 and 
ending in June 1999. The mode.I was run using SPSS statistical package. The following portions of the statistical output 
were chosen to aid in the analysis of the model and to enable comment on the value of the chosen independent variables 
as predictors of the response variable. 

Testing the Overall Model (ANOV A) 
The testing of the overall model was performed at the 95% confidence interval. The following hypotheses were presented: 

H0 : b1 = b2 = b3 = ... =bk= 0 
Ha: at least one of the regression coefficients does not = 0 

If we accept H0 , we are stating that the regression model has no significant predictability for the dependent variable. If we 
reject H0 , we indicate that at least one of the independent variables is adding significant predictability for Y. 

By analyzing the ANOV A table we observe a calculated value for F for the entire model of 256. 868. The statistical 
significance (p-value) associated with Fis 0.000. The p-value defines the smallest value of alpha (level of significance) 

for which the Null Hypotheses can be rejected. Consequently, our F-value is significant at a= .05 and we can therefore 
reject H0 • That means that at least one of our chosen economic indicators is adding predictability for the Dow Jones Index. 

Significance Tests of the Regression Coefficients (t-test) 
Next, the significance of each of the estimated regression coefficients was analyzed using the SPSS output. Of particular 
interest was the magnitude of the inverse relationship of the t and p values for each of our independent variables. The 
hypotheses put forth for each case was of the form: H0 : bi = O; Ha: bi does not= 0 . By using the 95% confidence interval 

we failed to reject the null hypotheses at a= .05 for the following independent variables: EXGS,.INFRATE, US$VSTR, 
PPI, RETAIL, and HOUSING. Consequently, the decision is made to drop these variables from the regression model on 
account that they might be non-significant predictors. 

Residuals & Standard Error of the Estimate (Se) 
Our calculated Se was 354.440. The statistical rule states that approximately 68% of the residuals (error) should be within 
(+/-) 1 Se and that approximately 95% of the residuals should be within(+/-) 2 Se. For our standard error of the estimate 
value it was calculated that 77% of residuals were within 1 Se and 94% were within 2 Se. Both of these values were found 
to be adequate in validating the model. 

Coefficient of Multiple Determination (R2
) 

The Coefficient of Multiple Determination (R2
) represents the proportion of variation of the dependent variable, Y, 

accounted for by the independent variables in the regression model. The adjusted R2 value pertains to the decrease in the 
percentage of variation accountability with the addition of independent variables. The presence of a difference in values 
between the adjusted R2 (.983) and the initial R2 (.987) implies that our model might contain some non-significant 
variables, something, which was also implied by our previous t-tests of individual regression coefficients. More 
specifically, the values show that the additive effect of the independent variables is to provide for [(.987 - .983)/.987] 
100 = 0.405% less accountability of variation. Another indication of static produced by the original compendium of 
independent variables was the high value of the Variance Inflation Factors (VIF's) . 
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REVISED REGRESSION MODEL . 
The regression model was run again, less the six economic indicators found to be non-significant predictors of the 
response variable at a 95% confidence interval. The following is selected SPSS output of the regression model, which 
will be used for comparison analysis. 

The results of the second run of the regression model showed a small improvement in significant areas of analysis. First, 
the difference between the original R2value (.987) and the revised one (.978) is not alarmingly large. However, the 
smaller gap between R2 (.976) and the adjusted R2 (.976) in the revised model indicates that the present composition of 
economic indicators only lessens the percent of variation accountability by 0.204%, producing only half the static that our 
previous model produced. Moreover, our R-value (.989) shows a rather strong and overall positive correlation between 
the chosen economic indicators and the predicted DJ value. Other signs of improvement were the substantially lower 
values for the Variance Inflation Factors, indicating that the effect of multicollinearity has been reduced. Thus, the overall 
effect and power of predictability can be summarized by the following equation of the regression line: 

DJ= 19.34-187.20CPl+2.87GDP+369.14UNRATE+9.25IMGS+68.36PCLR+22.10 LEADINDI 

CONCLUSION 
The Dow Jones has been around for 104 years. The Dow was predicated on tips and gossip for a long time period. 
There are literally thousands of books and publications available providing strategies on how to invest in the stock 
market. As technology grew, so did the reliability of data. Also, remember that through the early 80's, the stock 
market did not push beyond 1400. Over the years the companies included in the calculations of the DnA were 
expanded and revised. 

Conducting monetary policy is a difficult business. It's easy enough to set a policy goal su~h as price stability or low 
and stable inflation, but because monetary policy affects the economy with a lag, achieving those goals requires an 
ability to peer into the future. A change in the money supply or interest rates today won't affect inflation for months, 
or even years, down the road. 

After all, building economic models is difficult, as is trying to understand the causes of inflation and growth. Even if 
I.__ 

a proposed indicator has been a good predictor of inflation, it may not be a good guide for monetary-policy 
decisions. If the indicator is driven by market expectations of inflation, it may respond to changes in underlying 
causes of inflation. But it may also respond to other factors, ones unrelated to future inflation. In the latter case, 
policymakers face g~eater uncertainty about the signal an indicator that gives false signals are likely. 

Monetary policy is more likely to succeed if it is guided primarily by variables tied to the underlying causes of 
inflation and economic growth and not by variables tied to expectations of inflation and growth. 
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ABSTRACT 

Life Cycle Cost (LCC) is the total cost of owning an item during its life. The cost of operating and maintaining any 
product over its life cycle is frequently more than the initial price. Properly applied, LCC analyses include, in 
addition to the initial purchase price, a specification of operational requirements, a prediction of maintenance 
expenses, and a plan illustrating major life-cycle activities for the product. Using this type of information, LCC 
concepts can be used to develop a financial model where appropriate consideration is placed on recurring costs such 
as maintenance, operating, and disposal costs. The goal of this financial model is to procure, operate and maintain a 
product that has the lowest total cost of ownership. This article reviews state-of-the-art knowledge on developing 
deterministic Life Cycle Costing models, and sets the stage for the second article by the authors on probabilistic 
LCC. 

INT~ODUCTION 

The life cycle phases of machinery and equipment refer to the period of time from system concept and definition to 
disposal and are usually identified as nonrecurring cost and support costs. Non-recurring costs occur during (1) 
system concept and definition; (2) design and development; and (3) manufacturing, building and installation phase; 
whereas support costs occur during (4) operation and maintenance support; and (5) disposal phase of the machine. 

Purchased equipment must be supported for its total life cycle. The cost of support over the life cycle is usually 
much more than the initial acquisition cost. In practice, the acquisition cost is primarily concerned with the first 
three phases of the life of the equipment ( concept; design and development; and build and install), which results in 
installation of the equipment in the plant. This initial acquisition cost is a nonrecurring cost factor and does not 
include the support cost which goes on until the equipment is disposed. 

Life-Cycle Cost (LCC) analysis needs to be based on a definition of system operational requirements, a definition of 
the maintenance concept, and a program plan illustrating major life-cycle activities for the system. LCC is a 
financial model where full emphasis is placed on maintenance, operating, quality, and acquisition. LCC should be 
used as a decision making aid in purchase and process change decisions. Its goal is to install, operate and maintain 
equipment at the lowest cost of ownership. 

Purchase of an inexpensive piece of equipment could result in more downtime, loss of production, and quality cost. 
As an example, in consider the life cycle cost of two machines, _both with a Mean Time Between failure (MTBF) of 
24· hours. If machine one has a Mean Time To Repair (MTTR) of 1 hour, whereas ·machine two has a MTTR of 1.5 
hours, machine two will be down an additional 30 minutes per day. Assuming that the two machines are similar in 
all other performance measures, at a production revenue of.$1000/hr, purchase of the second equipment results in an 
opportunity loss of $500/day ( over $100,000 per year). · 

SURVEY OF THE LITERATURE ON DETERMINISTIC LCC 

Recently, the authors conducted a comprehensive search of the published articles on the subject of life cycle costing. 
The search revealed numerous application of life cycle costing to a variety of products, equipment, components, and 
systems. In what follows some of the more pertinent literature on a variety of applications of Life Cycle Costing is 
cataloged. 
I. Life cycle costs of pumps in chemical industry [1]. This paper uses LCC analysis to find the costs of pumps used 

in chemical industry. The basic model is LCC = LCCinvestment + LCCenergy + LCCmaintenance• 
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2. Optimizing insulation thickness for buildings using life cycle cost [2]. The authors developed the optimization of 
insulation material thickness and then applied it to Palestine. 

3. Component part standardization: A way to reduce the life-cycle costs of products [3]. This paper studies the 
effects of component part standardization on life-cycle costs. The authors explain how component 
standardization reduces the costs of different phases of the product life cycle and point out some the possible 
disadvantages of component standardization. 

4. The Future of Minimal Manning and Its Effects on the Acquisition and Life-Cycle Costs of Major Coast Guard 
Cutters [4]. This paper presents a study designed to research the quest for minimally manned crews and its 
applicability to military vessels. Emphasis is placed on the theory behind automation and the organizational 
impacts associated with minimal manning. This article describes the relationship between pursuing optimal 
manning, cutting costs by reducing crew sizes and reducing margins of safety and redundancy. 

5. Life-cycle costs of fiber-reinforced-polymer bridge decks [5]. This article examines the life-cycle cost
effectiveness of three FRP bridge decks, using a life cycle cost method specifically tailored for comparing new 
materials with conventional ones. 

6. Access Network life-cycle costs [6]. This paper details the . importance of access · network cost analysis by 
considering a life-cycle model. The paper gives the telecommunications life cycle model. There ar~ several 
techniques and methodologies which exist to aid the analysis of costs, such as ABC methods, whole- life costs, 
end-to-end costs, and incremental costs. They have developed a model to investigate process costs. 

7. A knowledge-based system integrated with numerical analysis tools for aircraft life-cycle design [7]. An 
integrated design and manufacturing approach allows economic decisions to be made that reflect an entire 
system design as a whole. To achieve this objective, they have developed and utilized integrated cost and 
engineering models within a focused design perspective, and a knowledge-based system that can be used to 
evaluated aircraft structural concept material and process selections. 

8. Life cycle cost modeling using marked point process [8]. This article presents a life cycle cost model of a_ 
·repairable system. The model is based on a marked point prqcess and allows for non-constant failure intensity 
as well as stochastic nature of costs associated with system's f~tlure. 

· 9. Life Cycle Costing-Theory, Information Acquisition and Application [9] . Optimizing the trade-off between those 
cost factors will give the minimum life cycle cost of the asset. This approach to decision making encourages a 
long-term outlook to the investment decision-making process rather than attempting to save money in the short 
term by buying assets simply with lower initial acquisition cost. 

10. Energy-Efficient Induction Motors Performance Characteristics and Life-Cycle Cost Comparisons for 
Centrifugal Loads [10]. This paper discussed the true "control valve loss" factor taking into account actual 
speed differences among motor options. The main content is focused on motor design. The paper introduces the 
LCC comparison based on efficiency and speed variations among motor options. They use a mathematical 
model to calculate the LCC of motors and find the lowest LCC. 

The articles listed above are by no mean a comprehensive review of the literature, but they do give a representative 
sample showing the inter~st in applying LCC to optimize the overall cost of a product or process. 

A BASIC DETERMINISTIC MODEL FOR LIFE CYCLE COST 

As shown in Figure· 1; life cycle cost is the sum of all cost factors over the expected life of the machi~ery. 
Appropriate discount factors may be applied for -present worth cost analysis. In LCC analysis, the cost breakdown 
structure shows numerous categories that are combined to provide the total cost as needed. The analyst, manager, 
customer and supplier must all have the same understanding of what is included in a given category and what is not. 
Lack of adequate definition causes inconsistencies in the evaluation process, and could lead to a wrong decision. 
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Figure 1. Major components of a deterministic LCC model. 

Application of the Life cycle Cost concept requires the following steps: 
1. Analyze and define the total life cycle phases for the equipment under consideration 
2. Estimate the period of ownership. 
3. Determine operating and maintenance cost factors. 
4. Consider additional time-related factors for costs such as inflation and rate of return. 
5. Calculate the LCC by formulating a mathematical model. 

DETERMINISTIC LIFE CYCLE COST SOFTWARE 

Using Microsoft Excel, an executable program has been developed that collects information on different costs 
associated with the purchase and use of a piece of equipment, and the performance of that equipment during its 
useful life. The information is then used to calculate the overall life cycle cost of the equipment. The software has 
the· capability of comparing the performance of two pieces · of equipment and offers several graphical cost 
comparisons. 

The program is designed to be user-friendly, with a very ·simple input-output procedure. To start the program, the 
user may click on the LCC icon, at which time, the main LCC screen appears. The main menu has the following four 
options: 

• Input data • Compare data 

• Edit database • Save and exit LCC. 
To enter data on a new piece of equipment, the user may use the input data menu. In all there are four forms that 
need to be filled out. The first form gathers general information regarding the company, whereas the other three 
forms collect information pertinent to the equipment that is being analyzed. The user may go back and forth between 
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these forms, and use the default values (if he/she wishes to do so), but should respond to all questions, prior to 
performing an_y analysis. 

The input data can be entered into four forms shown in Table 1, as follows: 
1. Program Parameters: this form is designed to collect general information on the overall production 

requirements. 
2. Equipment Parameters: this form is designed to collect information on the equipment specifications. 
3. Maintenance Requirements: this form is designed to collect specific information on the equipment's 

downtime and maintenance requirements. 
4. Consumable Requirements: this form is designed to collect speG.ific information on the equipment's 

consumable requirements. 

Form 1: PROGRAM PARAMETERS Form 3: MAINTENANCE REQUIREMENTS 

Identification tag: 3 Identification tag: 3 

Machine type: Milling Scheduled preventive maint. (hrs/year/machine): 100 

Name of machine: Mill Scheduled maintenance cost ($/hr): 100 

Number of machines to be purchased (approx.): 4 Mean time between failure (MTBF in hrs): 60 

Operating hours (hrs/day): 16 Mean time to repair (MTTR in hrs): 1 

Operating days (days/year): 260 Cost of crisis downtime ($/hr): 500 

Production requirements (pcs/year): 400000 Cost of spares stocked ($/machine/year): 1000 

Direct labor cost (regular time) ($/hr): 15 Mean time between retool {hrs): 240 

Cost of electricity ($/kW): 0.03 Mean time to retool (hrs): .25 

Interest rate (for present value calculation)(%): 0.12 Cost of tools per machine ($/occurrence): 2500 

Inventory carrying cost for spare parts ($/$1/year): 0.2 

Form 2: EQUIPMENT PARAMETERS Form 4: CONSUMABLES REQUIREMENTS 

Identification tag: 3 Identification tag: 3 

Estimated machine life (years): 5 Lubricant cost ($/year): 1000 

Production rate (pcs/hr): 30 Coolant fluid cost ($/year): 2000 

Machine efficiency/ speed ratio(%): 0.95 Electrici!Y consumption (kW/hr): 50 

Quality yield (1-% scrap)(¾/machine): 0.9 Misc cons-umables ($/yr): 1000 

Number of operators needed (operators/machine): 1 

Initial cost of equipment ($): 100000 

Warranty cost ($/machine/y_ear): 10000 

Warranty length (years): 3 

Installation cost ($/machine): 5000 

Additional hardware/ software ($/machine): 1000 

Training hours (hrs/operator): 48 

Training cost ($/hr): 40 

Miscellaneous cost ($/machine): 500 

Table 1. LCC Data Entry Forms. 

Upon completion of the data entry stage, the analyst can use the program to calculate the overall cost of the 
equipment over its entire life. The summary report can then be used to generate a comprehensive report on all the 
major elements of life cycle cost. It includes procurement cost, training cost, scheduled and unscheduled 
maintenance cost, consumable cost, retooling cost, personnel cost, overtime production cost, and overall life cycle 
cost. The report will also . show the required number of machines, any need for overtime, and overstocked 
production. Table 2 shows a sample of the summary report. · 
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-SUMMARY REPORT 

Identification tag: 3 

Machine type: Milling 

Name of machine: Milling Machine 

Estimated machine life (years): 5.00 

Total acquisition cost($): 546000.00 

Training cost($): 7680.00 

Scheduled downtime cost ($/year): 46933.33 

Unscheduled downtime cost ($/year): 138666.67 

Consumables cost ($/year): 28960.00 

Retool cost ($/year): 173333.33 

Number of machines to be purchased: 4.00 

Number of machines actually needed: 3.91 

Production requirement (pcs/year): 400000.00 

Actual production achieved (pcs/year): 409186.72 

Production surplus/ shortfall (pcs/year): 9186.72 

Overtime requirements (hrs/year): 0.00 

Total overtime cost ($/year): 0.00 

Personnel cost ($/year): 249600.00 

Inventory carrying cost ($/year): 800.00 

Present value of total cost ($): -3669085.41 

Table 2. A Sample of the Summary Report. 

In addition to the summary report, the analyst can use the generate graph menu to compare different elements of life 
cycle cost. Figure 2 shows a sample of the graphical comparison of different elements of life cycle cost. 
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Figure 2. A sample of the graphical comparison of different elements of life cycle cost. 

This program can be used to compare the overall costs of two or more competing systems, study the impact of 
reliability and maintainability on the cost of owning equipment over its entire life, and generate several plots 

representing different elements of cost and their significance. · 
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CONCLUSIONS 

Using Microsoft Excel an executable program has been _developed that collects iIJ.formation on different costs 
associated with the purchase and use of a piece of _equipment, and the performance of that equipment during its 
useful life. The program then uses the information to calculate the overall life cycle cost of the equipment. The 
software has the capability of comparing the performance of two pieces of equipment and offers several graphical 
cost comparisons. 

The software takes into consideration the equipment's characteristics such as the production rate, the scrap and 
rework rate, the mean time between failures, mean time to repair. It includes --~~veral time and cost components such 
as the occupied space, training time and costs, warranty period and cost tooling time and cost, energy consumption 
and cost, hardware/software requirements and costs, spare part inventory requirements and costs, etc. 

The notion of Life Cycle Cost is not foreign to most manufacturers, anymore. Recent global competitiveness has 
forced manufacturers to pay more attention to the overall cost of the machinery and equipment that they purchase. 
The use of the LCC software helps the machine tool users use an analytical tool to compare two or more alternative 
machines, and select the one that outperforms others based on its overall life cycle cost. 
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Expe~ systems ~re ~eing utilized in_ a wi~e v~riety of applications. Quality Management, with its ever-growing 
domams for ach1evmg customer satisfaction, 1s among the potential candidates. In this research, we attempt to 
utilize Expert Systems in meeting the challenging needs in today's quality management practice. The pap~r 
represents ~ review of the literature in an effort to capture current development trends. The proposed framework 
suggests usmg modular systems that share a common database. One that can be viewed as part of parenting 
information system to facilitate sharing performance data on real time basis. It is the authors' belief that such 
systems represent a move towards meeting future needs. 

Introduction 

All over the world due to global competition, organizations are experiencing increasing customer expectations for 
quality not only in products but also in processes and services. This has compelled the management to make greater 
efforts to effectively implement quality management activities throughout the organization. Quality management 
here refers to "The totality of functions involved in the determination and achievement of Quality"(ANSI/ASQC, 
1994). Information technology can become a critical enabler for the integration of quality management functions · 
across organizations. A lot of opportunities have appeared due to abundance of data and the savings that can be 
made by analyzing them. Reliable decisions on real time basis require the availability of expertise. Human experts 
can make accurate decisions in little time, whereas a non-expert may need significant training and exposure to reach 
same decision-making capability. Expert systems have profound impact on shrinking the time taken for accurate and 
consistent decision-making. Expert systems have been implemented in a variety of functions including; statistical 
process control, supplier performance assessment, ISO 9000 standards implementation, total quality management to 
name a few. 

In this paper we present a general overview of the literature in this field. This is carried out in an effort to project 
trends in development of expert systems for quality. Next we present a framework of the proposed system for future 
development. 

Literature Review 

It seems that the development of expert systems to aid quality-engineering applicatio~s gained its momentum in the 
mid .80's. · The systems developed by Creese et al., 1986; Chen, 1986; Rege & Agogino 1986; Scott & El Gomayel, 
1987; and Thierry & Lequeux, 1989 represent some of the earliest contributions. These systems were mostly 
developed for process specific applications. 

Expert Systems for statistical process control (SPC) have also attracted much attention from researchers (Alexander 
& Jaggannath 1986; Dagli & Stacey, 1988; Berthouex 1988; Yeager, 1990; Masud & Thenappan, 1992; Pham & 
Oztemel 1995; Cook et al., 1997). The prototype ES developed by Dagli & Stacey was among the more · 
comprehensive systems. It was developed to provide support in the selection and economic design of control charts. 
The system used an optimization routine to solve Duncan's economic design model. Recent work in this area is 
directed towards development of an expert interpreter of voluminous statistical output generated by SPC (Cook et 
al.). 

Eom and Karathanos, 1996, presented expert systems developed in four areas of process management: de~ign and 
introduction of product and services, process management for product and service, process management for support 
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services and management of supplier performance. Franz and Foster, 1992 looked at utilizing knowledge based 
decision support systems as a total quality management consultant. Other researchers addressed some of the 
development issues of expert systems for total quality management. Lynn and Murray, 1996 presented a model for 
evaluating and identifying the domain of expert systems within the context of total quality management. Wong, 
1996 discussed the role of top management in the administration of expert system development projects. Deslandres 
and pierreval, 1997 provided a structure for knowledge acquisition issues in design and development of advisory 
system in quality management applications. · 

According to Cheng et al.1993, an expert system is one of the best tools to train non-experienced people to 
understand and implement ISO 9000 systems. Some researchers have developed expert systems for implementation 
ofISO 9000 quality systems (Cheng & Tsang, 1993; Bayratkar, 1998; Khan & Hafiz, 1999). In this connection 
Bayratkar 1998 discussed the development and application process of expert systems in quality assurance 
(ESAQAS). On similar lines Arvindan et al. 1996 have developed an ES for implementing successful quality circle 
programs in manufacturing firms. 

Expert Systems have gained speed by incorporating newly emerging techniques such as neural networks, fuzzy 
logic, and simulation. According to Guh et al., 1999 "It is seen that by combining different AI tools into integrated 
environment would produce a system that is more capable of solving some complicated problems than its individual 
components. Pham and Oztemel, 1995 describe integration of ES and neural network based pattern recognizer for 
analysis and interpretation of control chart. Grauel et al. 1997 discusses use of fuzzy logic system and fuzzy 
clustering techniques for on-line process and quality monitoring in metal processing industries. A knowledge-based 
quality audit simulator for testing laboratories (AUDILAB) by Brai & Gamerin, 1997 provided computedzed 
simulator for training the testing laboratories personnel's for quality audits. Guh et al. presented a hybrid intelligent 
tool (IntelliSPC) in which they used a neural network based control chart pattern recognition system, an expert 
system based control chart alarm interpretation system and a quality cost simulation system for on-line SPC. 

Chronological Evolution 

The above literature offers ample evidence that expert systems are valuable tools for managing problems _in domain 
of quality management. Figure 1, graphically depicts the trends in expert system development starting from late 
80's. The blocks represent domains for quality applications. It is seen that expert systems have been broadening their 
scope by adding more and more domains. As shown, most of t~e development efforts were directed towards 
statistical process control in the 80's. Fewer systems were developed to support the implementation of process 
improvement tools. This is due to the fact that the type of expertise acquired was rather process specific. A re
distribution of the research efforts is shown to take place in the 90's. This extension covered both management and 
improvement domains. The late 90's have seen the emergence of hybrid systems that takes advantages of different 
AI tools like neural networks to solve problems that are difficult to solve using the traditional expert systems. 

A projection of the development trend suggests that future expert systems need to be more integrated with 
information systems and less likely to be stand-alone. The type of system needed have to have the capabilities to 
deal with diverse domains and at the same time· an ability to resolve specific application issues. Existing systems 
seem to have scored high on the second requirement, whereas, the first requirement mandates having a parenting 
information system to secure effective implementation. The future will also show the potential benefits of the 
remote auditing capabilities of operating quality systems made possible by linking an ES to information systems. 

Proposed Framework 

As shown in Figure 2, the anticipated system ECQ will have four modules Economic Advisor, Trainer, Process 
Advisor, and Management Advisor. These modules will be integrated through common database. Particularly in 
quality management such integration coupled with modularity will help in coping with changes in standards, 
adopting new techniques, and storing facts. 

The process advisor will provide support in process control using statistical process control and automatic process 
control techniques. The management advisor will aid in strategic and tactical decisions for quality improvement. It 
will also aid in establishing long-term plans for process improvements and breakthroughs based on benchmarking 
with other organizations. The economic advisor will help in cost benefit analysis, determining cost of poor quality to 
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identify the most promising areas for quality improvement. The trainer will have example data files containing tools 
and definitions related to quality management. This will help in training at all levels from operators to managers. 
The trainer module will also use simulation to increase the effectiveness of online training programs. It will also 
have an evaluation function to evaluate the training activities. 

The modules would be integrated into an intelligent information system. The database of this system will contain 
process data, customer feedback, performance standards and report writer. The Report writer will communicate and 
report problems to right authority and help in real time decision making on quality problems. Different users will be 
able to access the product and process data in the system on real time basis. 
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Figure 1. A Chronological View of Development of Expert System 
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ABSTRACT 

The variability in coordinate measuring machine (CMM) performance impacts the errors of the final part accuracy. 
To ensure meaningful analysis of the final part accuracy, coordinate measuring machines (CMMs) must be accurate 
and repeatable within allowable limits. Sources of error in coordinate measuring machines cannot be accurately 
estimated by traditional methods. Error analysis may be performed using different methods. In this paper, gauge 
repeatability and reproducibility methodology is used . to obtain information relative to the amount and types of 
measurement variation occurred during CMM operation. Equipment, operator, and part variations that are 
associated with CMM measurement system are considered. 

INTRODUCTION 

The performance of coordinate measuring machines may be defined as its ability to perform different function 
effectively under a specified range of operating conditions. In practice, coordinate measuring machine performance 
is influenced by two main sources of variation, namely systematic variations and random v:ariations: Systematic 
variations always have the same value and sign at a given position and under given circumstances such as room 
temperature, vibration. Wherever systematic errors have been established, they may be used for correcting the 

. value measured. On the other hand, random variations, under apparently equal conditions at a given position, do 
not always have the same value. Such variations can be statistically defined, assuming that random errors are 

independent and are normally distributed with zero means and common variance a 2 
• 

\__ 

ELEMENTS OF A MEASURING SYSTEM 

A general representation of a CMM measuring system is shown in Figure 1. Basically, a measurement system 
consists of any different combination of man, machine, materials, methods and environment. These tend to impact 
the measurement system variation of CMMs. In coordinate measuring machines, sources of variation are resulting 
from: 

1. Instrument errors - normally referred to as positional variation or equipment errors. These 
error sources include geometric, kinematic, static, and dynamic errors. 

• · Geometric accuracy can be affected by errors in the form or shape of different machine 
components, mechanical wear, errors in the control or measuring system which can be thermal, 
mechanical or electrical in nature and weight deformations. 

• Kinematic and static errors ·describe the kinematic behavior of coordinate measuring machines. It 
involves the relative motion errors of the different moving machine elements, which are .intended 
to move in accordance with specified functional requirements. Any disturbance to this 
coordination will affect the performance of the machine and create errors. 

• . Dyriamic errors. Errors in coordinate measuring machines are not only caused by errors in the 
machine construction, thermal effects, and environmental conditions, but there are also errors 
associated with dynamic operation such as vibration, foundation, unbalancing, or bearing errors. 

• Thermal errors. Any change in the machine's thermal stability or in its control system such as 
uniform and non uniform temperature, environment, or other specified-conditions will affect its 
performance and dimensional inaccuracy. 
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2. Operator and procedures of measu t H 11 · 
. d. h 

1 
f remen · ow we the measurement method or operators can 

m icate t e va ue o measurement. 
3 • Workf!iece (Part) ~r.rors. Inaccuracies may also be caused by variability in the manufacture of raw 

matenal or the stability of process. 
4 • Probe I tool - workpiece interaction. Mechanical characteristics of the workpiece material such as 

hardness, roughness, etc. may lead to errors in measurement In contact· th k · d . . . . mg e wor piece un er 
pr_essure cond~tion usmg a ha~d probe on coordinate measuring machines, hard and soft workpieces 
will respond differently and this may lead to errors in measurement. 

Man 
Machine 
Materials 
Methods 
Environment 

t------1 CMM 

Measurement System 

Verify & 
Follow-up 

Implement 
& Correct 

Final Part 
Accu acy 

Detect 
Assignable Cause 

Figure 1: Measurement System of CMM 

GAUGE REPEATABILITY AND REPRODUCIBILITY 

The concept of gauge repeatability and reproducibility (GR&R) can be used to evaluate the different performance 
aspects of coordi11:ate measuring machines, in terms of total variation. Total variation is a function of equipment, 
operator, and part variations. Such variations are normally expressed in terms of the corresponding variances. This 
concept may also be used as an improvement cycle for machine performance as illustrated in the bottom of Figure 1. 
Based on error analysis, once a cause for improper performance is detected, a root cause is identified, a correction 
will take place and then verified. Elements of the total variation and its relationship with process capability are 
outlined below. 

Repeatability Reproducibility 

Repeatability is the variation in measurements obtained with one measuring instrument when used several times by 
one operator while measuring the same characteristic on the same part. 

Repeatability (Equipment Variation, EV, a EV ) = 5 .15 ~ ( 1) 
dz 

R is the average range 
d 2 is the values for the distribution of the average range 

Reproducibility is the variation in the average of the measurements made by different operators using the same 
measuring instrument when measuring the same characteristic on the same part. 
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Reproducibility (Operator Variation, OV, a ov) = 

R0 is the range of the average for each operator 
d 2 is the values for the distribution of the average range 
n is number of parts and r is number of trials 

Part Variation 

(2) 

The part - to -part variation is used to express how consistent the measurement process is and it indicates the effect 
of environment (thermal, vibration) on the workpieces. 

. . Rp 
Part vanahon (PY, a Part) = -

d2 
Rp is the range of the sample average 
d 2 is the values for the distribution of the average range 

The observed value model 

Observed Value = Part Mean + Part effect + Measurement effect + Replicated error 

Yu= µ+a; + P; +eu 

V(Yu) = a~&R +a~art 

a~&R =(a Ev/ +(aov )
2 

Yij = Measured (observed) value 

µ = Part mean or nominal value 

a = Error due to part variation 

p = Error due to measurement or measuring system 
e ;., replicated or random error contribution 

Total Variation 

The total variation can then be determined as follows: 

a:otal = a~&R +atrt 

Total Variation: TV, arv = ✓a~&R + a~art 

\ __ 

Table 1 summarizes the analysis· of measurement aspects, indicated as percent variations. 

The relationship between %R&R and Process Capability 

(8) 

(3) 

(4) 

(5) 

(6) 

(7) 

The capability of the measuring system or coordinate measuring machine, CP(Actual), is a function of the observed 
capability. This is due to the contribution of the different sources of error in the system. 
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C P(Actua/) = -r==============-
6 * ( 1 J 

2 

( ¾R & R ) 
2 

6 * C ?(Observed) - 5.15 * 100 

Tolerance 
C P( Observed) = 

6 
* 

er ( Observed) 

Table 1: Measurement analysis and %Variation 

Measurement Analysis %Variation 
Repeatability - Equipment Variation 

100( ;;) (%EV) 

Reproducibility - Operator Variation 

100( ~;) (%AV) 

Repeatability & Reproducibility 

10{ R1~/) (¾R&R) 

Part Variation 

10{;;) (%PY) 

GR&R IMPLEMENATION GUIDELINES 

(9) 

(10) 

The results of the percent total variation should be evaluated to determine if the measurement system is acceptable 
for its intended application. Table 2 provides some guidelines for the use of GR&R in the evaluation of measuring 
systems. 

Table 2: Guidelines for acceptance of measuring systems based on GR&R criteria 

¾R&R Action 
Under 10% error The measurement system is acceptable 

From 10% to 30% error Compare between %EV and ¾OV which one affects to 
¾R&R and have it corrected 

Over 3 0% error The measurement system needs improvement. Make 
every effort to identify the problems and have them 
corrected 

GR&R is frequently performed as a routine part of the fac ility's normal calibration program, maintenance program 
and metrology program. One of the objectives of GRR is to obtain information relative to the amount and types of 
measurement variation associated with a measurement system when it interacts with its environment. Application 
of such a study provide the following: · 

• A criteria to accept new measuring equipment 

• A comparison of one measuring device against another 
• A basis for evaluating a gage suspected of being deficient 
• A method for measurement to help the operators use the gage or CMM more consistently. 
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• A required component for calculating process variatio~, and the acceptability level for a production 
process. 

• Information necessary to develop a Gage Performance· Curve (GPC), which indic·ates the probability of· 
accepting a part of some true value. 

Moreover, GRR will provide information concerning the causes of measurement system or gage errors: 
If repeatability (%EV} is large compared to reproducibility (%AV), the reasons may be: 

• The CMM needs maintenance 
• Some parts of CMM should be redesigned to be more rigid 
• The clamping or location for gauging needs to be improved 
• There is excessive within-part variation 

If reproducibility (%AV) is large compared to repeatability (%EV), then possible causes could be: 

• The operators need to be better trained in hoe to use and move the probe from one point and another point 
in case of manual CMM 

• Calibrations on the gage dial are not clear. 
• A fixture of some sort may be needed to help the appraiser use the gage more consistently. 

CONCLUDING REMARKS 

The impact of measurement system errors on the variation that is seen in final part accuracy measured by a 
coordinate measuring machine. It can · be improved by redesigning parts or components or their orientation, 
providing better training for operators, better controlling the manufacturing proce.sses, setting environment 
conditions and other contributing factors. Different sources of error should be addressed and efforts to be made to 
minimize their effect. Gauge repeatability and reproducibility technique is a helpful tool to get information toward 
corrective action and identifying what sources of errors should be addressed in more details. 
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ABSTRACT 

A survey ~f current issues associated with control charts, their benefits and limitations, and some comparisons 
between different charts are presented. The paper also presents the effectiveness of control charts as related to their 
robustness. 

INTRODUCTION 

Control Chart is a statistical process control tool that is widely used for monitoring the activity of an ongoing 
process. They were originally developed in 1924 by Dr. Walter A. Shewhart to serve either of two purposes for 
industrial process (4]: 1) to compare observed results against some standard to see whether they are compatible with 
it. 2) to learn whether the process is running consistently, that is, within control, or instead has assignable causes at 
work. 

Several benefits can be obtained by using control charts. Such charts indicate the following [15]: 

1. When to take corrective action. A control chart indicates when something may be wrong so that 
corrective action can be taken. 

2. Type ofremedial action necessary. The pattern of the points on the control chart will contain 
information of possible causes and hence allows the implementation of a change in the process that 
improve its performance. 

3. When to leave a process alone. A control chart shows when an exhibited variability· is normal and 
inherent such that no corrective action is necessary. 

4. Process capability. If the control chart shows a process to be in statistical control, we can estimate the 
process capability. This information will help product and process designers 

5. Possible means of quality improvement. The control chart produces a baseline for instituting and 
measuring quality improvement. They also provide useful information regarding actions to take for . 
quality improvement. 

DRAWBACKS AND LIMITATIONS 

There are some disadvantages when using Shewhart control charts. First, the traditional Shewhart control charts 
assume that 1) the observations come from a stable process 2) the observations are independent and 3) the 
observations are normally distributed. Therefore, when one. of those assumptions is violated, the effects on the error 
for the procedure can be large. For example, the process quality characteristic can be correlated with other quality 
characteristics. When this happens, the Shewhart control charts could be an ineffective tool to deal with. 
Multivariate control charts might be the proper tools to implement when the overall quality depends on several 
interdependent characteristics considered simultaneously. 

Second, it does not use any information from previous observations, therefore, when small shifts occur in the 
process, it will be difficult for them to detect. For this reason, several authors recommended the use of 
Exponentially Weighted Moving-Average (EWMA) control chart and Cumulative-sum control chart when we 
interest in small shifts because such charts use all the information from previous samples, as a result, effect of a 
small shifts is more pronounced. See Robert (1959), Hunter (1986), Crowder (1987a) (1989), and Lucas and 
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Saccucci (1990) for good discussion of the EWMA chart as well as Page (1954), Lucas (1976)(1982), Hawkins 
(1981)(1993) for detail in the CUSUM chart. , 
Lucas and Saccucci (1987) compared the CUSUM and EWMA charts using the average run length (ARL) criteria 
over a wide range of parameter values. Their results as shown in Table 1. indicate that there is not much different 
between the ARL properties of those two charts. 

Table 1. ARL Comparisons between EWMA and CUSUM Control Schemes 

Zero state Steady state FIRa Worst case 

Shift EWMA,b EWMA/ CUSUM EWMA1 EWMA2 CUSUM EWMA. 1 EWMA2 CUSUM EWMA1 EWMA2 

0.00 465 465 465 459 459 
0.25 116 118 139 114 116 
0.50 33.3 33.8 38.0 32.6 33 .1 
0.75 16.0 16.1 17.0 15.6 15.7 
1.00 10.1 10.0 10.4 9.84 9.84 
1.50 5.71 5.67 5.75 5.62 5.57 
2.00 4.04 3.99 4.01 3.98 3.94 
2.50 3.16 3.12 3.11 3.13 3.09 
3.00 2.62 2.59 2.57 2.61 2.57 
4.00 2.05 2.03 2.01 2.01 1.98 
5.00 1.77 1.74 1.69 1.68 1.66 

Note: EWMA 1s compared to a CUSUM with h=5.00 and 
k=.50 
aFIR feature with 50% 
HS. 
bEWMA1 with 1=2.856 and ?=.133: in-control zero-state ARL 
equated to CUSUM. 

459 434 
137 104 
36.4 27.0 
16.0 11.8 
9.62 6.99 
5.28 3.74 
3.68 2.59 
2.86 2.01 
2.38 1.66 
1.86 1.23 
1.53 1.04 

cEWMA2 with 1=2.856 and ?=.139: in-control steady-state ARL equated to 
CUSUM. 

435 
106 
27.6 
12.0 
7.04 
3.73 
2.57 
2.00. 
1.65 
1.22 
1.04 

Adapted from "Exponentially Weighted Moving Average Control Schemes: Properties and 
Enhancements" 

· By Lucas J.M. and Saccucci M.S.( 1990), Technometrics 32, pp.8. 

430 310 
122 97.6 
28.7 34.2 
11.2 19.1 
6.35 13.3 
3.37 8.43 
2.36 6.25 
1.86 5.01 
1.54 4.21 
1.16 3:23 
1.02 2.71 

Hunter ( 1986) demonstrates basic understanding of the EWMA chart and the differences among the Shew hart, 
CUSUM, and EWMA with respect to the way data generated. He suggests the EWMA to be viewed as a 
compromise between the Shewhart and CUSUM charting .procedures, and more importantly, as a dynamic process 
control tool. The EWMA provides a forecast of where the process will be, therefore, be able to determine 
appropriate feedback adjustments for keeping the process mean close to target. See Montgomery, Johnson and 
Gardiner (1990) and Box, Jenkins and Reinsel (1994) for the use ofEWMA in time series modeling and 
forecasting. 

NG and Case ( 1989) have provided a systematic approach to construct control charts using the EWMA of a sample 
statistic for subgroup and individual data to monitor process mean and dispersion. The performance of such charts 

is compared to Shew hart X and R charts using ARL criteria . . They point out that control charts of the EWMA of 
sample statistics provide the best solution against a false indication of an out-of-control process when the process is 
actually in control (ARL-to-false alarm). 

315 
100 
34.7 
19.1 
13.2 
8.32 
6.16 
4.93 
4.14 
3.19 
2.66 

Albin, Kang and Shea (1997) compared the performance of process control procedures for individual observations 
that included combinations of the X chart, MR chart, EWMA chart and run rules. They estimated the ARL to false 
alarm and ARL to detection of shifts in the process mean as well as process standard deviation using simulation. 
Their recommendation is to use the X chart together with the EWMA chart, both charts are plotted in a single graph. 
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It provides an acceptable ARL to false alarm and low ARL to detection for large and small shifts in the process 
mean. However, for large and small shifts detection in the process standard deviation, the x and MR charts are 
favorable. 

After several studies have been done as shown above, the EWMA control chart is a good alternative to the Shewhart 
control ~harts when we interest in detecting small shifts. However, such chart does not perform w'ell for detecting 
large shifts compared to the ·Shewhart control charts. Lucas (1973) and Lucas and Saccucci (1990) suggest that this 
problem can be guarded against by using the combined Shewhart-EWMA chart. This is achieved by adding 
Shewhart control limits to an EWMA control scheme so that an out-of-control signal is identified if the EWMA 

. statistic is outside the control limits or if the current observation is outside the Shew hart control limits. The ARL 
computations for this combined chart were given by Lucas and Saccucci (1987). Their analysis indicate that the 
combined Shewhart-EWMA chart improves ARL values similar to those obtained by a combined Shewhart
CUSUM chart (Lucas 1982). To implement this specific chart, Montgomery [17] recommends to use 3.25-3.50 
sigma, which is slightly wider than usual limits on the Shewhart chart in order to prevent a large reduction in the 
ARL to false alarm. 

ROBUSTNESS OF CONTROL CHARTS 

Typically, control charts are used to identify special causes that produce important deviations from the stable 
operation of a process. There are two types of special causes: isolated and persistent. Hawkins (1993) points out that 
an isolated special cause is one that affects individual readings. The Shew hart types of charts are workable to 
detection of isolated special causes. Persistent special cause is one that remains and affects successive readings until 
it is diagnosed and eliminated. This special cause is more effectively detected by charts that contain all the 
information from the beginning to current observation. Such charts are the EWMA and CUSUM charts. Since the 
Shew hart and EWMA charts are effective for different types of special causes, it is recommend to use both charts 
simultaneously. 

An underlying assumption in variable control charts is that the observations are normally distributed when a process 
is in statistical control. This assumption underlies the ARL calculations for Shewhart charts for individuals, 
CUSUM charts and EWMA charts. The Average Run Length (ARL), which is the average number of points that 
must be plotted before a point indicates an out-of-control condition [17], is used to measure the effectiveness of the 
control charts in identifying special causes. When the data is not normally distributed, the calculated ARL can be 
different from the actual ARL. As a result, excessive false alarms can lead to unnecessary process adjustment, which 
will decrease the effectiveness of a system. 

Several studies haye been made to investigate the robustness of control charts in terms of normal distribution 
assumption. 

Burr (1967) has studied the effect of non-normality on constants for X and R charts. He developed the system of 
non-normal distribution by using the mean, standard deviation, skewness and kurtosis. His result indicates that the 

X · and R charts are robust relative to non-normality and we can use the ordinary normal curve control chart 
constants unless the population is extremely non-normal. When this happen, the tables provide guidance on what 
constants to use can be applied. 

Schilling and Nelson (1976) have also investigated this effect on the control limits of X charts. Cumulative 
probabilities for the distribution of the mean, in most case, for various sample sizes and from different populations 
are calculated at several fixed pointed and compared with the normal distribution. Their results show that sample 

sizes of four or more will ensure the robustness of X chart with respect to the normal assumption. 

Yourstone and Zimmer ( 1992) have studied the non-normality and the design of control charts for averages 

concerning the impact of skewness and kurtosis on the performance of the X chart. They suggest the use of 
nonsymmetrical control charts when. skewness or kurtosis is present in the distribution of values of the sample 
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averages because a large skewness or kurtosis in the original data values will still result in a sizable skewness or 
kurtosis for the sample averages. · 

Borror, Montgomery and Runger (1999) have examined the robustness of the EWMA control chart to non
normality by comparing the ARL of the EWMA and the Shewhart individual control chart. They have chosen the 
gamma and t distributions_for both skewed and symmetric distribution consideration. 

Table 2-3 present the ARL-to-false alarm and the ARL-to-detection for the EWMA charts with various gamma 
distributions. 

Table 2. ARL-to-false alarm for the EWMA anci the Individuals Control Charts for 
various Gamma Distributions. 

EWMA Shewhart 

? 0.05 0.1 0.2 1 
L 2.492 2.703 2.86 3.00 

Normal 370.4 370.8 370.5 - 370.4 

Gamma(4,l) 372 341 259 97 
Gamma(3,l) 372 332 238 85 
Gamma(2,1) 372 315 208 71 
Gamma(l,1) 369 274 163 55 

Gamma(0.5,1) 357 229 131 45 

Their results indicate that when using the Shewhart individual control charts under non-normal distribution, in this 
case gamma and t distribution, such charts would produce a higher false alarm rate as compared to the EWM_A chart 
indicate that the individual chart is not robust to the normality assumption. The EWMA control chart has its 
advantage in detecting small shifts in the mean much more rapidly than the Shewhart individual control chart in 
both ·normal and non-normal distributions. However, when the shi~t is large, the Shew hart chart can do a better job. 
They also recommend the use ofEWMA chart with the smoothing 'parameter,??= 0.5 and the width of control 
limits, L = 2.492 to be a good alternative to the Shewhart individual control charts in that it is very robust to the 
·normality assumption. 

CONCLUDING REMARKS 

Because of the ability to detect shifts quickly in the process mean and insensitive to normality assumption, the 
EWMA chart can be viewed as an effective alternative to the Shewhart charts. It also provides the opportunity to be 
used as a feedback control mechanism for real-time dynamic processes. When small and large shifts detection is 
point of interest, a combined Shewhart-EWMA chart can be implemented because of the superior ability for 
detecting large shifts than the normal EWMA chart does. 
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Table 3. ARL-to-detection for the EWMA and the Individuals Control Charts for 
various Gamma Distributions. 

Distribution Shift (Number of Standard Deviations) 
0.5 1.0 1.5 2.0 2.5 

EWMA Normal 26.5 10.8 6.8 5.0 4.0 
?=0.05 Gam(4,1) 26.4 11.0 6.9 5.1 4.1 

L=2.492 Gam(3,l) 26.4 11.0 7.0 5.1 4.1 
Gam(2,1) 26.4 11.1 7.0 5.2 4.1 
Gam(l,1) 26.4 11.2 7.1 5.3 4.2 

Gam(0.5,1) 26.6 11.4 7.3 5.4 4.3 
EWMA Normal 28.3 9.8 5.8 4.2 3.3 
?=0.10 Gam(4,1) 26.5 9.9 6.0 4.3 3.4 

L=2.703 Gam(3,1) 26.3 9.9 6.0 4.4 3.5 
Gam(2,1) 26.0 10.0 6.1 4.4 3.5 
Gam(l,1) 25.5 10.1 6.2 4.5 3.6 

Gam(0.5,1) 25.1 10.2 6.3 4.6 3.7 
EWMA Normal 36.2 9.8 5.2 3.6 2.8 
?=0.20 Gam(4,1) 28.0 9.6 5.4 3.8 2.9 
L=2.86 Gam(3,1) 27.3 9.5 5.4 3.8 2.9 

Gam(2,1) 26.3 9.5 5.4 3.8 3.0 
Gam(l,1) 24.7 9.5 5.5 3.9 3.0 

Gam(0.5,1) 23 .3 9.5 5.7 4.0 3.2 
Shewhart Normal 155.2 44.0 15.0 6.3 3.0 

Gam(4,1) 34.2 15.0 7.7 4.5 3.0 
Gam(3,1) 31.0 14.0 7.4 4.5 3.0 
Gam(2,1) 27.0 12.6 7.0 4.4 3.0 
Gam(l,1) 21.7 11.0 6.4 4.2 3.0 

Gam(0.5,1) 18.3 9.7 6.0 4.1 3.0 

3.0 
3.4 
3.4 
3.5 
3.5 
3.5 
3.6 
2.8 
2.9 
2.9 
2.9 
3.0 
3.1 
2.3 
2.4 
2.4 
2.5 
2.5 
2.6 
2.0 
2.2 
2.2 
2.2 
2.3 
2.4 

Both tables adapted from "Robustness of the EWMA Control Chart to Non-normality" by Borror, C.M., 
Montgomery, D.C. and Runger, G. C. (1999), Journal of Quality Technology. 
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ABSTRACT 

This paper presents an optimization scheme for reducing gear tooth root stresses by introducing internal holes near 
the root. The effect of these holes is characterized by redistributing the stresses, and thus reducing the stress level at 
the critical region. The developed scheme can locate and size these relief holes using numerical finite element and 
optimization methods. The numerical results show the possibility of significantly reducing the von Mises stresses 
without effecting the kinematics constraints and functionality of the gear. The results were verified by experimental 
photoelastic stress analysis, using transparent models (with and without holes) produced by stereolithography. 

INTRODUCTION 

It has been determined that the destructive stress in a gear is located at the root of the tooth on the side which is in 
tension. It was shown in reference [3] that one method to increase the life of the gear (lower the destructive stresses) 
is to introduce stress relief holes in the gear profile. This paper will discuss how the location and size of one hole 
was optimized in order to minimize the stresses at the root. At the same time the stresses elsewhere in the profile 
were constrained not to exceed the stresses obtained at the root of the gear tooth. 

MODEL CREATION 

Two different models were used in the optimization of the stress distribution. A computer generated solid model 
used for the numerical finite element analysis and a stereolithography transparent model for the photoelastic 
experimental stress analysis. 

Computer Generated Model 
The solid model of the gear tooth was created in the master modeler ofl-DEAS Master Series 7, following the steps 
indicated in references [l] and [2]. The pressure angle, cp, shown in figure la, was 20 degrees. The gear tooth 
profile is an involute curve, simplified by removing any fillets. Fillets produce denser mesh slowing down both the 
re-meshing and the solution process. The final solid model used for the purpose of the present paper includes only 
one gear tooth, as explained in the Finite Element Analysis section of this report. Figure 1 b shows this model. 

edge -

Figure 1 a: Gear meshing Figure 1 b: Model 

As can be seen in figure 1 b, a large portion of the gear disc was cut away. The lateral edges are perpendicular to the 
pressure line. This additional constraint is necessary for the experiment~! work (the stereolyt~ography mod~l that 
replicates the solid model is placed in a circular polariscope). The polariscope system of loadmg the model is 
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somewhat restrictive. The force acting on the gear tooth needs to act in the pressure line direction, thus a 
perpendicular edge to that direction was needed. Once the general shape of the gear tooth was achieved, the model 
was used in the finite element analysis (FEA), as well as fqr the crea,tion of the stereo lithography model. 

Stereolithography Generated Model 
The stereolithography model was created by exporting the solid model, and then importing the file into another 
software called 3D Lightyear. This software sliced the model into layers of a thickness 0.006 inches. The 
stereolithography machine, SLA250, used a scanning laser to cure each layer. Two stereolithographic models for 
the gear tooth were created, one with and one without a stress relief hole. Once the models were created in the SLA
machine, it was necessary to cure them in an ultra violet oven for 45 minute~_., It should be noted that the models 
were scaled, so that good resolution of the isochromatic fringes could develop in the gear teeth, when subjected to 
loading in the polariscope. It should be noted, however, that thjs scaling does not affect the stress distribution in the 
model. Also worth mentioning is that the material used for the stereolithography model, SL 5170, is isotropic in the 
plane and close to isotropic in the depth. Figure 2 shows both stereolithography models with small holes created on 
one of the lateral edges for mounting purposes. 

Figure 2: Stereolithography models 

ANALYSIS , 
'----

The analyses of the gear tooth were performed using I-DEAS Master Series. The analyses consisted of finite 
element analyses as well as optimization analyses. 

Finite Element Analysis 
Before performing the optimization of the hole position and diameter, a finite element analysis was performed on 
the original model without a hole. It was found that the original model had a band of high maximum principal 
stresses going from the point of load application tc;> the gear root on the opposite side of the gear tooth, as can be 
seen in figure 3. 

y 

X 

Figure 3: Original stress distribution Figure 4: Partitioned gear tooth 
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The highe~t maximum pri~cip~l stress in the gear tooth was encountered in the comer region, where the tooth meets 
the gear d~sc, ~n the opp?site sid~ t? t~e load applic~tion. The highest tensile stresses were found in the opposite 
comer. Smc_e i~ w~s desired to mmimize t~e. von Mises stress in the tensile region, the other comer was excluded 
f~om th~ optimization analy~es, thus explam_mg the partitioning in figure 4. The problem was treated as a two
dimensio~al pro~lem and triangular p~rabohc_ shell elements were used for meshing the model surface; the material 
us~d was isotropic steel. The area o_f mteres~ is located at the root of the tooth where the tensile root stress produces 
fatigue over many cycles. A reduction of this stress may improve the life of the gear. The stress results obtained 
for a model with~ut a hole sho_wed a ?and of high maximum principal stresses, located along the pressure line, as the 
effect of the applied load: The magmtude of the stresses in this band is much higher than the magnitude of the root 
stresses but the later one is far more unsafe from the point of view of creating fatigue. To avoid modifications in 
the stress induced by the force application a partition, approximately circular in shape, was used to divide the 
domain, as seen in figure 4. In this way, the area of interest was isolated. The hole was placed inside the area 
determined by the partition, and the surface was free meshed. A finer mesh is necessary around the hole, at the 
comer of interest and in general through the whole partitioned area as compared to the rest of the surface. Thus, 
user-defined numbers of elements were imposed. The user-defined mesh was preserved throughout the optimization 

.process. 

Generally when gears mesh, more than one gear tooth is in contact with the other gear at any one time. However, 
the stresses in any particular tooth are primarily due to the force directly applied to that gear tooth. The analysis of 
the model was therefore performed on one gear tooth. The edge, as indicated by figure 4, was constrained in all 
degrees of freedom. Initially the model was constrained on the horizontal edge at the bottom. However, it was 
noted that the stress distribution in the gear tooth was not greatly different between the two different positions of the 
boundary conditions. In order to stay consistent with the photoelastic model, the finite element boundary conditions 
were positioned in the same place as the boundary conditions for the stereolithography photoelastic model. The load 
was applied as a point load at a node located where the pressure line meets the gear profile. The direction of the 
load was along the pressure line and the magnitude was IN. This magnitude was chosen since the analyses are 
linear in nature and can be scaled. It should be noted that the analyses performed were of elastostatic nature. Only 
one position of the force was considered. The position analyzed was the one resulting in highest stresses, as 
specified by Shigley [l], where the pressure line intersects the profile of the gear. 

Optimization 
The optimization of the gear tooth was performed in the I-DEAS software using two different techniques. A 
parameter study was first performed and then a mathematical redesign technique was implemented. A description of 
both techniques and how they were implemented follows. An optimized value of the von Mises stress was obtained 
inside the area delimited by the partition. The optimization techniques used in this work addressed this area. A 
polar coordinate system (with origin at the comer) was used to specify the center of the hole, as shown in figure 4. 
The radial distance (R) and angular position (0) are two of the parameters, describing the position of the hole. The 
third parameter was taken as the diameter of the hole ( d). · 

The parameter study allows the user to learn the affect of varying one parameter. Specifically, the parameter study 
was used in the analysis to determine the effect of each of the three parameters: the radial distance, the angle, and 
the diameter of the hole. A total of 32 parameter studies were performed. These studies were categorized into four 
different groups, each holding the diameter of the hole at a specific value. Within ·each of the categories the angle 
was varied at eight different positions. The smallest and largest value of the radial distance varied for the different 
studies (the hole was not allowed to cut into the contour of the tooth). Based-on the data collected, it was 
determined that the stress was high when the hole was pfaced close to the origin. It was also determined that high . 
stresses, and or inconsistent results, were found in regions where the angle was 150 degrees and more. Moreover, it 
was determined that smaller diameters generally produced lower stresses. Based on this interpretation of the data it 
was possible to limit the mathematical redesign, as discussed below. 

Based on the parameter studies it was determined that the mathematica( re~esign should be performed ~or a small 
radial distance. It was further decided that smaller angles were of greater mterest than larger ones. This type of 
optimization enables the user to simultaneously vary all three parameters. In contrast to the parameter study, the 
parameters are not varied by a fixed quantity in the mathematical redesign task, rather the software computes a step 
size based on the sensitivity of a particular parameter. The user specifies which parameters to vary, and ~ha~ th~ 
maximum and minimum value of these parameters should be. The stress limit is the goal-value of the optimization. 
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If this value is reached, the optimization process is stopped. To hinder the optimization process to stop before the 
optimum values were reached the stress limit was set at a value less than the expected lowest stress, as determined 
from the data obtained by the parameter study. The convergence limit of the optimization was specified. This value . 
was needed to determine if the solution was reaching stability. A Newton-Raphson method was used to determine a 
residual computed by the following equation: 

r = b ~ K*xcurrent 

Where: b = K*xprevious; K is the stiffness matrix for the finite element model; xis the displacement vector, and r is 
the residual 

Once the residual value reaches the convergence tolerance, the optimization process terminates. The I-DEAS User's 
Manual [4] indicates that a convergence tolerance of lxl0·8 should be small enough for most stress applications. In 
the initial attempts at optimizing the gear tooth this value was used. However, convergence problems were 
encountered. These problems did not cease until the convergence tolerance was set to 1x10·15

_ 

For each of the optimization iterations, the geometry and the mesh were updated according to the parameter values. 
The von Mises stress and deflection for each of the iterations were calculated for the area of interest. Sensitivity 
factors, factors determining how much a change in each parameter influences the solution, were determined for each 
iteration step. Hence, during the whole process the step size for the parameters varies from iteration to iteration 
according to the recorded sensitivities. 

RESULTS 

Finite element and optimization techniques resulted in optimum placement for the hole at a distance of 4 mm from 
the origin at an angle 29° from the vertical (for a circular tooth thickness of 18.85mm) anc,l the hole diameter was 2 
mm. The final configuration of the model is shown in figure 5. 

Figure 5: Final model with hole 

The maximum von Mises stresses for the model with no hole were lOlkPa, and the stresses for the optimized model 
were 85.7kPa, thus a reduction of 15% was achieved. The stress distributions for the tooth without and with the hole 
are shown in figures 6a and 6b, respectively. ·The reduction in stress resulted in a slight increase in the deflection. 
The maximum deflection was located at the tip of the gear tooth. Fortunately, the increase in deflection due to the 
hole was only 2.3% (from 12.9nm to 13.2nm), having no effect on the gear kinematics and functionality. 

The experimental results obtained by photoelasticity in the form of isochromatic fringes ( contours of constant shear 
stress) are shown in figures 7a and 7b. It is illustrated in figure 7 that the hole attracts the stresses, thus reducing the 
stresses at the root of the tooth. However, the stresses in the vicinity of the hole did not exceed the stresses at the 
root of the tooth. 
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Figure 6a: von Mises stresses for model 
without hole 

'"' J..J. ...... \. 11\1N-. 
1,r1,..-•,r 'Tl 

Figure 7a: Isochromatic fringes in transparent 
model without hole 

Figure 6b: von Mises stresses for model 
with hole 

Figure 7b: Isochromatic fringes in transparent 
model without hole 

DISCUSSION AND CONCLUSION 

The von Mises stresses at the root of the gear tooth were reduced by 15% by introducing a hole in the model. The 
cost of reducing the stresses resulted in a mere increase in deflection of 2.3%. These results are slight improvements 
of those found in [3]. The position and size of the hole were achieved by optimization. The optimization was carried 
out using I-DEAS Master Series 7, a modeling and analysis software. It was validated that the hole redistributes the 
stresses in the gear tooth by analyzing stereolithography models in the polariscope. 

The stress values determined by the FEA include errors due to the approximation of the element. However, these 
errors are irrelevant in the problem identified above, a comparison study. The errors introduced in the FEA should 
be roughly the same for both FE models. The model was ·discretized thus transforming a continuous problem into a 
discrete one. The boundary conditions and loads do not ·completely resemble the physical problem as discussed in 
the section titled Boundary Conditions and Loads. 

It is likely that introducing additional holes can reduce the von Mises stress further. The number of holes should be 
another parameter subjected to optimization. 
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ABSTRACT 

Ma_intenance manage1:1ent deals ':ith _the e~fective utilization of such resources as the equipment and 
maintenance crew. This paper applies simulation modeling approach to determine the maintenance ccew size 
required to maintain a pool of equipment in a cable factory at minimum cost. 

INTRODUCTION 

Maintenance management is extremely important in today's complex manufacturing and service industries. One 
of the most important problems faced in maintenance management is the determination of optimum repair crew 
size for a given system. There are generally two types of maintenance jobs, preventive maintenance and 
corrective maintenance. Preventive maintenance (PM) is a fixed or prescheduled maintenance and thus the 
maintenance duties and the required time are known in advance. However, Corrective maintenance (CM) is 
required at random intervals since it depends on the random times between equipment failures and the random 
repair times. Because of this random nature in corrective maintenance, intervened with scheduled preventive 
maintenance duties, the exact repair crew size required for a system with both types of maintenance could not be 
known in advance. 

Total maintenance workload and the crew size requirement varies by time. If the crew size is set at a level 
below the peak demand, the cost of repair crew will be low, but that of equipment unavailability will be high. 
Conversely, if it is set equal to the peak demand level, the cost of repair crew will be high, but that of equipment 
unavailability will be low. This results in two conflicting costs. The optimum crew size corresponds to the 
minimum total cost point. However, the total cost is a random variable since it depends on the equipment down 
time, which is a random variable. Therefore, the determination of optimum crew size is not a straight forward 
deterministic problem; rather, it is a stochastic optimization problem. Maintenance crew size required for a 
system also depends on whether the repairmen are single-skilled or multi-skilled. In case of single-skilled 
repairmen, each crew member is specialized in one repair area such as electrical, mechanical or pipefitting. 
Each failure can be repaired by the related repairmen only. However, in case of multi-skilled repairmen, any . 
crew member can do any maintenance or repair duty. For a given maintenance system, a multi-skilled repair 
crew of a given size results in less equipment down time than a single-skilled repair crew of the same size. 

Several studies have been reported in the literature to determine the optimum maintenance/repair crew size 
under different operational conditions. Queuing models hav_e been applied to th_e situation where one or more 
repairmen attend several machines that require repair at random intervals. However, such analytical models 
often require too simplifying assumptions. Therefore, for complex situations, usually simulation models have 
been used. Okogbaa et. al. (I), Kelly and Harris (2), Smith (3), Barnett and Blendell (4), and Mukhopadhyay 
and Bhattacharya (5) have used simulation to determine the maintenance crew size for different maintenance 
systems. Basker et. al. (6) have performed an extensive application of simulation to determine optimum repair 
crew size for an auto-lathe section of a large batch manufacturer of electrical sub-assemblies. Other related 
studies can be found in (7-11). 

In this study, a computer simulation model, which is based on SLAM-II language (12), is discussed and its 
application to a case problem from a cable factory with 23 machines is shown. Real data is collected from the 
factory and its maintenance system is simulated on the computer for a period of five years to determine the best 
repair crew size. The system under study is simulated for both single-skilled and multi-skilled repairmen cases. 
Number of repairmen needed for each case is determined and the results are compared. 
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THE SIMULATION MODEL 

Simulation is able to solve complex problems involving many variables some, or all, of which may be of a 
probabilistic nature. The technique allows experimentation with alternative management policies, by modeling 
the operation of a system and its interacting elements on the computer. The power of simulation is that it allows 
the decision maker to evaluate possible alternative courses of action or solutions before committing company 
resources to any feasible solution. All the effects of a solution considered are studied and evaluated on the 
computer. Simulation is also an alternative solution approach to stochastic problems which could not be solved 
analytically. 

The objective in simulation was to minimize the total cost as well as the total down time incurred by the factory. 
The total variable cost in the system is the sum of two opposing costs: the cost of machine down time and the 
salaries of the repairmen. The repairmen cost be minimized by employing only one repairmen and allowing 
broken machines to await repair. Conversely, the cost of machine downtime may be minimized by employing 
many repairmen such that any machine breakdown could receive immediate attention. The total cost is given by 
the expression. 

Where, TC(K) = Total Cost, Cr = Repairman cost/hour, K = Number of repairmen (crew size) 
t = Total hours of system operation, Cdi = Equipment down time cost/hour for machine i, 
D1i= Number of hours of down time during the t hours of operation for machine i. 

( 1) 

To simulate a maintenance problem, the frequency distribution of the. time interval between repair calls and the 
frequency distribution of the repair times should be obtained from data. In addition, the scheduled time between 
preventive maintenance operations, the maintenance times, and the related cost information should be known. 
The maintenance data obtained from the cable factory presented the equipment down time between preventive 
maintenance for twenty three machines. The data spanned a duration of one year and four months. The repair 
times were not available however. It was necessary to extract the repair times from the equipment down times 
which included the repair as well as the waiting times. The procedure to determine failure, repair, and 
maintenance parameters, the frequency distributions of the time between failures and of repair times . are 
discussed below. 

Failure Parameters: 
For the duration of one year and four months, mean time betw'een mechanical failures, (MTBFm), mean time 
between electrical failures, (MTBFe), and time between Preventive Maintenance (TBPM) operations were 
extracted from the data. Time between failures were subjected to a test to see what type of distribution would be 
suitable to represent the failure data. A simple program based on Newton's Root Finding Method was utilized to 
obtain the maximum likelihood estimates of the shape and scale parameters of Weibull Distribution for 
distribution types. A shape parameter of approximately 13 = 0.5 indicates hyper exponential fit; 13 = 1.0 indicates 
an exponential fit; 13 · = 2.0 indicates a lognormal fit; and 13 = 3 .2 to 3 .4 indicates normal distribution fit. For 
example, the following data represents the time betwee~ mechanical failures in days for Machine 6: 

67,40,22,34,5,6,21, 13,3,3,33,54,28,4,4, 1,70 

Utilizing the data above·, shape parameter, 13=0.708623, and the scale parameter a= 36.88887 is obtained. This 
indicated that the Time Between Failures (TBF) for this machine would fit the exponential distribution. Mean 
Time Between Failures (MTBF) is calculated as follows: 

MTBF = I TBF; /Frequency.= 408 / 17 = 24 days (2) 
. i 

Therefore, failure rate is found to be Am=l/24=O.0416667 failures/day or Am=0.00174 
failures/hour. 

This procedure was repeated for all machines, for both mechanical and electrical failures. Table 1 represents all · 
the failure related parameters for twenty three machines in the factory. Recorded data indicated that the time 
between failures were exponentially distributed for all machines except for machine 18, whose failure data 
followed normal distribution. 
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For the simulation model developed, it was . necessary to know the percentage of electrical and mechanical 
failures in order to divert the entities, i.e., failing machines, to either electrical or mechanical repairmen. To 
determine the percentage of electrical and mechanical failures for each machine, all related failure frequencies 
were added and then divided by the total frequency. For example, for machine no 21, there were 27 mechanical 
and 19 electrical failures during the study period of 1 year and 4 months. 

Therefore, mechanical failures were 27/46 = 0.587, or 58.7%, and electrical failures 19/40=0.413, or 41.3% of 
the total failures. Similarly, all the other percentages were calculated and shown in Table 1. Machine down time 
costs are also given in Table 1. These are very roughly estimated values and may not reflect actual costs. 
However, the factory personnel were not sure and sometimes reluctant to give the cost related figures . 
Therefore, these rough estimates were used in the analysis. The repairman cost was assumed to be SR 10/hour. 

Table 1. : Equipment Maintenance Related Parameters 

MIC Electrical Mechanical Percent Percent Down 
No. Failure Failure Electrical Mechanical Time 

Rate/hr Rate/hr Failures Failures Cost/h 
I (1-.. e;) {)1.mi) (%) (%) 

(SR) 
1 0.000643 0.000556 38.30 61.70 250 
2 0.000842 0.0013021 14.00 59.00 250 
3 0.001200 0.001230 56.25 43.75 100 
4 0.001244 0.001600 38.10 61.90 250 
5 0.001210 0.008500 58.80 41.20 250 
6 0.000940 0.001740 32.00 68.00 250 
7 0.000710 0.000280 66.70 33.30 250 
8 0.001203 0.000760 32.10 67.90 250 
9 0.003000 0.006000 34.00 66.00 800 
IO 0.004200 0.002000 83.30 16.70 450 
11 0.000850 0.002100 21.90 78.10 450 
12 0.001000 0.003000 29.50 70.50 450 
13 0.000350 0.002200 4.00 96.00 . 400 

14 0.001384 0.003500 18.40 81.60 300 
15 0.001000 0.001500 33.30 66.70 300 

16 0.003000 0.005210 24.40 75.60 300 

17 0.002200 0.002000 55.30 44.70 200 

18 0.002970 0.000470 14.30 85.70 400 

f9 0.007200 0.009200 44.20 55.80 500 

20 0.006400 0.008330 37.50 62.50 200 

21 0.001710 0.002370 41.30 58.70 300 

22 0.007000 0.006530 38.05 61.95 200 

23 No Failures 0.006600 0.0 100.00 100 

Repair Parameters: · . . d · · II the repair 
The only recorded repair time related data were total down times which mclude waitmg as wed . as . 

1 
t· 

· ·h · f f om down times to be use m s1mu a ion times. The following procedure was utilized to extract t e repair imes r 
analysis. 

· · ·b · ~ II pt one machine it was reasonable 1 SI.nee time between failures followed exponential d1stn utlon ior a exce . . h, ·r 11 ~ ·1 
· ' · · ·b · ·th te which hist e sum 1 a 1a1 ure 

to assume that all of the failures followed exponential d1stn uhon w1 la rt t d fi mechanical failures and 
rates for a particular failure type. Thus, an ov~rall failure rate was ta cu ~ e fo:ulas to determine repair 
one for electrical failures as given below. This allowed the use O queumg 
rates. 
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Ae = L Aei = 0.050256 Failures/hour 

Am -~ LAmi = 0.0769781 Failures/hour 

Where, A ei and A mi are electrical and mechanical failure rates for machine i. 

A e and Am ~re overall electrical and mechanical failure rates. 

(3) 

(4) 

2. Average down times were calculated for both mechanical and electrical failures using machine down times 
as follows. 

Iwei 
W = _i __ = 83·75 

= 3.81 hours 
e 22 22 

(5) 

Iwmi 
W = _i __ = 

118·59204 
= 5.152 hours 

m 23 23 

where, We and Wm are overall average down times of all machines due to electrical failures respectively. 

Wei and Wmi are average down times of machine i due to electrical and mechanical failures 

respectively 

3. It was known that there were 2 electricians and 4 mechanics in the factory performing maintenance 
operations. This, along the calculated values for average down times and the arrival rates above, allowed the 
use of single-stage multi-channel queuing system formulas given below to determine the service rates, i.e. 
the repair rates, for both electrical and mechanical servers separately. Since queuing formulas are for 
determining down times with the arrival rate and the service rates given, it was necessary to use a trial and 
error procedure implemented in a BASIC program for the backward solution of the queuing formulas 
below. 

(~'Y µ 
1 µ 

.W = -+ [-----]P0 µ (c-l)!(cµ-,1,) 2 

\ __ _ 

c-1 j C 

p = [" ~ + er ]_, 
0 LJ ., '( ) j=O }, C. C- r 

"A.= Failure rate, µ= Repair rate, r= Alµ, c= Number of parallel repairmen 
The following values are obtained for different repair rates. 

1-4 = Electrical repair rate = 0.264 repairs/hour 
µm = Mechanical repair rate = 0.194 repairs/hour 

Preventive Maintenance Parameters 
The company did not follow a specific maintenance policy, such as age or block replacement policy. The time 
between preventive maintenances were recorded for the same period as the failures. The average time between 
preventive maintenances as well as the average maintenance times were calculated for each machine from the 
recorded data. They are summarized in Table 2. 

The maintenance crew size problem was then simulated for two cases, namely; the single-skilled repairmen case 
and the multi-skill.ed repairmen case. In cases of the multi-skilled repairmen, it was assumed that a repairman 
could do both, mechanical and electrical failures. A common failure rate Ai and mean time between failures , 
MTBFi given below were determined for each machine i as follows. 
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Ai=(% electrical failures) (Aei)+(¾ mechanical failures) (Ami) 
(7) 

Table 2. Preventive Maintenance parameters 

MIC MTBPM Average PM MIC MTBPM Average PM 
No. (Hours) (Hours) No. (Hours) (Hours) 

I 1378 15.70 13 1344 8.70 
2 1929.6 26.00 14 1360 23.43 
3 1684 12.55 15 1200 16.51 
4 1770 21.50 16 1341 26.20 
5 1560 13.00 17 1836 39.55 
6 1531.2 13.80 18 2152 15.33 
7 1038 10.25 19 1546.3 31.00 
8 1104 12.50 20 1152 20.30 
9 1152 29.30 21 1784 18.33 
10 1720 21.25 22 996 19.63 
11 1183 16.80 23 1920 13.25 
12 1267 12.50 

RESULTS AND CONCLUSIONS 

The maintenance crew size planning problem was simulated for both single-skilled and multi-skilled repairmen 
cases for periods of five years for the plant running 3 eight-hour shifts per day, 5 days per week, and 52 weeks 
per year. Ten simulation runs were made for each of the eight repair crew combinations and the average total 
cost was determined for each case. 

The results for single-skilled repairmen case are summarized in Table 3. Total equipment down times, total 
down time costs, total repair costs, and total system costs are calculated for each repair crew combination by 
using the average equipment down times obtained from simulation. As it is seen from the results, one electrician 
and two mechanics represented the best repair crew combination with minimum total cost of SR 1,290,493 per 
year. The factory at present employs two electricians and four mechanics, however the results · obtained from 
simulation suggested that excessive numbers of repairmen were used in the maintenance department of the 
factory under consideration and that three repairmen, namely; two mechanics and one electrician, were enough 
for an effective maintenance at minimum cost. 

The results for multi-skilled repairmen case are summarized in Table 4. In this case, a minimum total cost of SR 
1,270,253 per year was achieved with a repair crew consisting of two multi-skilled repairmen. This result shows 
that multi-skilled repairmen perform better than single-skilled repairmen. Since mechanical failures were more 
than the electrical failures, two mechanics were required in case of single-skilled repairmen for this factory. It 
should be noted that the results above are very much sensitive to the cost figures estimated for equipment down 
times as well as the repair crew. Before implementing the results, some sensitivity analysis should be performed 
to see the effects of changes in costs on the results. In addition, confidence limits should be determined on the 
average cost figures using the results from several simulation runs. Finally, when comparing the results for 
single and multi-skilled repair crew, additional costs of re-training repairmen should be taken into consideration. 
The results of this study suggest that simulation modeling approach is a useful tool to analyze problems related 
to repair crew size determination. The simulation model presented here could be extended to simulate more 
complex maintenance problems with different maintenance policies to aid management in making better 
decisions. 

Table 3. Simulation Results for Single-Skilled Repairmen (E = Electricians, M = Mechanics used) 

Number of Repairmen E=l, M=l E=l, M=2 E=l, M=3 E-2, M-1 

Total Downtime in 5 Years 19,814 16,839 16,368 18,285 

Total Downtime Cost/Year 1,275,922 1,027,692 1,054,797 1,173,956 

Total Labor Cost/Year 175,200 2'62,800 350,400 262,800 

Total Maintenance Cost/Year 1,451,122 1,290,493 1,416,537 1,435,755 
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Table 4. Simulation Results for Multi-Skilled Repairmen (R = Number of Repairmen) 

Number of Repairmen R=l R=2 R=3 R=4 
Total Downtime in 5 Years 24582.3 16692'.5 16184.8 16069.5 
Total Downtime Cost/Year 1,606,887 1,095,053 1,055,621 1,051,707 
Total Labor Cost/Year 87,600 175,200 262,800 350,400 
Total Maintenance Cost/Year 1,694,487 1,270,253 1,318,421 1,402,107 
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ABSTRACT 

Models t~at s~mulate co?nitive p~o~esses have dem?nstrated considerable success in a variety of technical domains 
such as, mtelhgent tutoring, p_redictmg the complexity of human system interactions, decision support and expert 
systems among others._ ~reatmg such ~~dels requires considerable skill in conducting a cognitive task analysis. 
The conduct of a cognitive task analysis is costly and labor intensive. As a result, a few computerized aids have 
been developed to assist in the process of conducting such analyses. However none have been evaluated to 

· determine how accurately and consistently users of such tools can create cognitive models. If such tools cannot 
demonstrate the creation of accurate models of cognitive tasks across users then such tools will be ineffective and 
unreliable. The research reported herein presents the results of experimentation, which focuses upon the evaluation 
ofa computerized aid for the conduct of a detailed cognitive task analysis. A sample of users of a newly developed 
interface (tactical display) for the Army's Bradley Fighting Vehicle were asked to model their knowledge of tasks 
conducted. Measures of the accuracy of their models and the consistency between the different user models 
generated were recorded and analyzed. 

INTRODUCTION 

The aim of Intelligent Tutoring Systems (ITS) is to develop tools and models that give the computer the capability 
of becoming more involved in the tutoring process. ITS or Adaptive Training Systems differ from the more 
common Computer Aided Instruction (CAI) in that an ITS turns the computer into a dynamic instructor rather than a 
static vehicle of information. This is possible based on three types of knowledge: "knowledge of the subject matter, 
knowledge of the teaching strategy and methods, and knowledge of the student." (Brusilovsky, P.L. 1994) The ITS 
must monitor and diagnose the student by comparing his performance on a task against that of the ideal student 
model, which is based on a cognitive task analysis. The system can compare the actual student task performance 
against the ideal student model's task performance in order to diagnose and monitor student progress and adjust the 
curriculum. The ideal student model provides the detailed subject matter that allows for diagnosis of student 
performance, thereby adapting the ITS to the student's needs for training. By adapting the training to the individual 
student, a good.ITS system can be expected to significantly increase the rate of learning (Anderson, 1983). As the 
basis for Intelligent Training Systems, cognitive task models must be both accurate and cost effective to realize the 
full potential of Adaptive Training Systems. 

Cognitive task modeling has a recent and brief history. In 1983, Card, Moran, and Newell developed the GOMS 
methodology for constructing cognitive models of human computer tasks. A GOMS model has four components, 
Goals; Operators, Methods, and Selection Rules. The Goal is the state to be achieved, or end state. Goals may 
include subgoals. Operators are subgoals and or primitive _level actions which make up tasks. Methods are a set or 
series of operators used to accomplish a specific goal. Selection Rules are sets of discriminating conditions used to 
choose between different methods of achieving a particular goal. The GOMS methodology is essentially a process of 
decomposition in which all the steps needed to accomplish a goal are specified. These steps (i.e. operators) form a 
method. If more than one method of achieving the goal exists, then a selection rule is specified to determine the 
appropriate method based on the conditions of the environment at the time of task execution. The process is further 
decomposed as the operators of a given method become subgoals, which are then broken down into lower level 
subgoals or primitive actions. When all operators have been broken down to their lowest primitive level ( e.g. they 
cannot be broken down any more) the process stops. Operators that have been fully decomposed are called 
primitive operators and their methods referred to as primitive methods. 

These primitive operators can be subsequently classified under three subsystems consisting of the motcr subsystem, 
the perceptual subsystem, and the cognitive subsystem. All human tasks require the execution of a finite set of 
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primitive operators associated with these subsystems. For the case of human computer tasks, empirical evidence 
exists regarding the time required to execute each of these primitive s'ubsystem operators, making it possible to 
accurately p·redict the time it takes to execute any human computer task once the sequence of primitive operators 
have been defined. Research conducted by Meyer and Kieras (1994) has demonstrated as much as a 99% agreement 
in time to execute a task between observed and predicted behavior. 

While the GOMS modeling technique has proven extremely successful in developing accurate cognitive task 
models, it has proven costly and inefficient because of the skill required on the part of cognitive analysts. 
Unfortunately, task domain experts lack the skill necessary to develop the models on their own. Consequently, a 
research effort was conducted to build an automated tool to assist domain ex.perts, (unfamiliar with Cognitive task 
analysis techniques) in developing cognitive models necessary for creating ideal student models for ITS. In 1998, 
the Cognitive Analysis Tool-Human Computer Interaction (CAT-HCI) was developed with funding from The Office 
of Naval Research to meet this requirement. If CAT-HCI is to be used successfully to build cognitive models, it 
must be evaluated, which is the focus of this research. To our knowledge, no other tools of similar nature have been 
evaluated. 

METHOD 

This experiment evaluates CAT-HCI by having 18 domain experts use the tool to develop cognitive models of four 
Bradley A3 digital computer tasks. A minimal variance between these models as created ·by different experts would 
demonstrate the accuracy and consistency with which cognitive models of human-systems interaction can be 
generated by individuals not skilled in the cognitive task analysis approach. If the tool can generate accurate and 
consistent models, then by analogy, the inference can be made that the tool can be used to generate cognitive models 
in other human-system interaction tasks. The purpose of the evaluation methodology is to investigate CAT-HCI's 
performance relative to meeting the research objective. Can the automated knowledge acquisition tool guide domain 
experts through the GOMS process to formulate consistent and accurate cognitive models for eventual 
implementation by software engineers for use in ITS development? Consistency and accuracy between experts 
should determine the effectiveness of the tool. 

Subjects 

The subjects for this experiment consisted of 18 active duty or rec,ently retired infantry and armor non
commissioned officers in the United States Army. All subjects were male with at least 6 years of military 
experience. These subjects essentially compose the entire pool of subject matter experts on the tasks to be modeled 
since the t~sks are part of a system currently under development, scheduled to for fielding in 2001. The subjects 
were either trainers for the system or were heavily involved in the design of the system's human computer interface. 
All subjects were tested the task to be modeled to verify their expertise on the system. 

Experimental Apparatus 

CAT-HCI version 95 was used to develop cognitive models of four human computer interface tasks associated with 
the Army's Bradley A3 Fighting Vehicle. CAT-HCI is based upon improvements identified by Kotnour's (1992) 
evaluation of the predecessor to CAT-HCI, CAT (Cognitive Analysis Tool, Williams, Hultman and Graesser, in 
press). The interactive computer program guides domain experts through the cognitive task analysis (CTA) process 
that elicits the necessary information to create a detailed cognitive model of the task to its primitive level operators 
and predicts the time to execute the interactions described. CAT-HCI was improved to overcome deficiencies noted 
in CAT, specifically, the inability to elicit from.users detail relative to primitive mental operations._ The evaluation 
of CAT found that test subjects consistently omitted the specification of primitive mental operations which was no 
surprise since they were not skilled cognitive analysts. The omission of these operators from the models generated 
had a severe impact for making predictions regarding the time to execute specific tasks being modeled. 
Consequently, CAT-HCI was designed to direct the domain expert towards identifying these primitive mental 
operators that make-up a method. This is accomplished by prompting the user to select from a pull-down menu of 
possible subsystem operations, which include; Arm-Hand-Finger Operations, Visual Operations, Auditory 
Operations, Cognitive Operations or Motor Speech Operations. The user follows the menu tree to select the operator 
or sequence of operators necessary to execute a task. Once an operation is selected, the system initiates a dialogue 
with the user and dependent upon user responses the system will infer primitive level mental and perceptual 
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operations. The result is a precise cognitive model that can accurately predict b th th d -1 d 
and time required to accomplish a particular task. (Williams, 98) 

0 
e etai e sequence of steps 

Tasks to be Modeled 

This experiment used the commander's tactical display from the Army's Bradley A3 Fighf y h. 1 h" h · 
I b · · d d · h . . . mg e 1c e, w 1c is 

cu~ent y em? mtro uce mto t. e Army as part ~fits modernization effort. This tactical display is the interface by 
whi~h ~e vehicle commander will send and receive reports as well as view the battlefield and interact with the 
vehicle s automated systems. One of the most common and frequently used reports was selected C'. • th· 

· h. d h d • 1or use m is 
expe~i~ent. T is ensure. t e omam exp_ert's familiarity with the task and provided the Army with a practical set of 
cogmhve models for review ~s they consi~er the development of an adaptive training strategy for this new system. 
The ~eport was broken down mto four logical part~, to _be modeled by each of the 18 subjects, resulting in the 
creation of 72 models. (One model was lost, resulting m the analysis of 71 models.) Each of the selected tasks had 
between 17 and 40 primitive steps and included multiple cognitive, perceptual, and motor operations. 

Experimental Procedure 

The methodology involved 1) comparing the models of each particular task against a baseline to find the level of 
accuracy, 2) determining the level of consistency between the individual subject models, and 3) comparing the level 
of agreement between predicted time. Accuracy is the level of agreement between each model and the baseline. 
Consistency is a measure of the agreement for each step between subjects. The tool must be able to generate similar 
models from different experts on the same domain. 

Design of Experiment 

The experimental session consisted of three phases: 1) Subject performance of the screening tasks, 2) CAT-HCI 
familiarization, and 3) CAT-HCI task modeling. Each experimental session involved the simultaneous training and 
testing of two or four subjects and lasted approximately seven hours. Phase one lasted about 30 minutes and 
included an explanation of the experiment and a screening test to verify each subject's expertise on the tasks to be 
modeled. Phase two was necessary to orient the subjects to the CAT-HCI software so that they could adequately use 
it to model the tasks. The training session involved familiarization with CAT-HCI and basic knowledge engineering 
concepts, and the development of cognitive models of other tasks similar to the experimental tasks from the Bradley 
A3 tactical display. The training session generally lasted between four and four and a half hours depending upon 
how quickly the subjects mastered the necessary CAT-HCI skills. During the third phase, which generally lasted 
about 2 hours, each subject used CAT-HCI to develop cognitive models for each of the four tasks selected for the 
experimental trials. 

Analysis 

Data collection included extracting the primitive steps from the models developed by each subject. The primitives 
from each method were compared between subjects to ensure for semantic agreement in terms of the verbal 
descriptions employed by each test subject. That is, test subjects-may have used different verbal descriptions to 
describe the same step and agreement in terms of these descriptions was verified. The primitive methods were 
composed of primitive steps that included how to perform the task and generated the knowledge units that define the 
task. In some cases the primitive step was adjusted to the -baseline version for comparison if the primitive had 
essentially the same meaning or intent. For example, to look for something on the screen, some experts correctly 
selected the primitive Look for Object in Viewing Space, while others selected Look at Area in Viewing Space or 
Look for Location in Viewing Space. As each of these primitives have essentially the same intent, the subject was 
given credit for agreeing with the baseline primitive of Look for Object in Viewing Space. Next, the primitives from 
each subject model were grouped according to task. The steps were then compared to the baseline to determine 
accuracy and compared to other subject models to determine consistency. Additionally, the predicted time to 
accomplish each task was compared. 

A potential problem arises as not all subjects arrive at exactly the same solution, nor do they necessarily have t~e 
same number of steps. By omitting or adding primitive steps in relation to the baseline, subjects frequently amved 
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at a sequence of operators that differ in length, making it difficult to compare across subjects. Card, Moran, and 
Newell (p.190) resolve this problem by placing the sequence of operators into correspondence and then assigning a 
value to show how well they match. For example, ifBD, CG, QT, .XY, PV and TL are sequential acronyms for 
operators making up a particular method, the following a·lgorithm accounts for both the predicted sequence and the 
observed sequence in order to provide a basis of comparison. 

Predicted: BD CG QT XY PV TL 

Observed: BD CG XY PV TL 
Table 1. Unadjusted Comparison of Predicted and Observed Steps 

Notice that for the Observed, the sequence is correct, but the primitive QT has been omitted, resulting in a lack of 
correspondence between the remaining three operators. The solution is to insert dummy (X) operators to realign 
them so they correspond. 

Predicted: BD CG QT XY PV TL 

Observed: BD CG X XY PV TL 
Table 2. Adjusted Comparison of Predicted and Observed Steps 

Notice before the algorithm was applied; there are only two matches out of a possible seven, resulting in 29% 
accuracy. By using dummy operators, the number of matches increases to six out of seven for an accuracy of 85%, 
which much more accurately represents the similarity between the two. 

Accuracy: To measure accuracy, each model was compared with the baseline to determine the percent agreement 
similar to the example above. The percent agreement as compared to the baseline for each of the 71 models was 
used to determine an expected level of agreement across all primitive tasks. Additionally, the differences in accuracy 
between physical, perceptual, and cognitive steps were compared. 

Consistency: Consistency was calculated for each of the 108 primitive steps across all subjects. Consistency 
describes how consistent subjects were in including or excluding a particular primitive step. All primitive s.teps 
found in the baseline model were considered for this measure. For every baseline primitive step of a method, the 
primitive steps generated by subjects were analyzed to determine presence or absence. Both the number of subjects 
who included the step and the number who did not include the step were counted. Consistency was determined by · 
div'iding the greater of the two values (number of subjects including or number of subject not including the step) by 
the total number of subjects. This process was completed for each of the 108 primitive steps across all four models. 

Time: Similar to accuracy, the predicted times for each subject were compared to the baseline time to determine 
percent agreement as compared to the baseline. Then all 71 percent agreements were used to calculate the mean. 

Measures for the sample inean, sample variance, sample standard deviations, and the confidence interval (Cl) for the 
means were computed from the data collected. Additionally, a power analysis (1- f)) on the experimental data was 
performed to assess the reliability of the data. 

RESULTS 

The results from the analysis of accuracy of the subject models and agreement between subjects are provided in 
Table 3 and 4 respectively. In addition to calculating accuracy and consistency across all steps, both measures were 
also calculated on each type of primitive operation, including cognitive, perceptual, and physical. The results of the 
time analysis can be found in Table 5 and includes a summary for each task and an overall predicted accuracy based 
on all 71 models. · 
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Summary of Accuracy based on 71 models 
Cognitive Perceptual Physical Total Combined 

Mean 73.38% 78.64% 83.98% 76.88% 
Standard Deviation 22.68% 25.15% 23.15% 21.86% 
90% Confidence Interval 4.49% 5.18% 4.58% 4.33% 

Table 3 

Summary of Consistency Between 18 Subjects onl08 Steps 
Cognitive Perceptual Physical Total Combined 

Mean 76.52% 78.94% 83.53% 79.38% 
Standard Deviation 14.03% 14.30% 9.40% 13.10% 
90% Confidence Interval 2.88% 6.26% 2.87% 2.09% 

Table 4 

Summary of Time Results 
Model 1 Model2 Model3 Model4 Combined 

Mean 83.03% 74.48% 84.20% 80.45% 80.51% 
Standard Deviation 15.80% 22.45% 19.55% 21.59% 20.00% 
90% Confidence Interval 6.67% 9.21% 8.02% 8.85% 3.96% 

Table 5 

A level of 80% consistency and accuracy was considered desirable at the beginning of this experiment. In addition 
to calculating the confidence intervals as described in the previous tables, the data was further compared with the 
goal of 80% to determine the likelihood of falsely rejecting the H0 (µ < 80%) and/or falsely accepting the H0. Using 
an a of .05 across all the measures, the cognitive accuracy(µ= 73.38%) was the only instance when the Ho was 
rejected. Time measurements and all perceptual, physical and combined measurements regarding accuracy and 
consistency were statistically equal to or greater than 80% and therefore could not be rejected. Finally, a power 
analysis was conducted to determine the possibility of falsely accepting the H0. The ps are listed _in Table 4. 

Summary of p 
Accuracy B Consistency B Time B 
Cognitive 20.3% Cognitive 49% Task 1 0.7% 
Perceptual 11.5% Perceptual 4.8% Task2 27.4% 
Physical * Physical * Task3 0.5% 
Total 38.5% Total 7.4% Task4 4.2% 

Total 17.5% 
Table 4 

* Both physical tasks were statistically greater than 80%, and therefore would not falsely be accepted. 

DISCUSSION 

Subject matter exerts, with little understanding of knowledge engineering techniques, used CAT-HCI to create 
cognitive models that were on average 76.88% accurate when compared with the baseline. The four models had 
between 17 and 40 steps each with a total of 108 primitive steps. More than half of the steps (68) were cognitive in 
nature, which proved to be the most difficult to capture based on the previous CAT evaluation which resulted in 
achieving only 28.3% accuracy for cognitive primitive tasks (Kotnour, 1992). While not quite achieving the desired 
80%, CAT-HCI elicited an accuracy of 73.38% for cognitive primitives. The results of the two experiments cannot 
be directly compared as the pool of subjects and the tasks were significantly different. However, it is useful to 
observe the results of both experiments, in particular as they relate to cognitive primitive tasks. CAT-HCI appears to 
have significantly improved the ability to elicit information concerning cognitive primitives. Cognitive primitives 
are non-behavioral steps taken to accomplish a task and are implicitly performed by subjects, i.e. initiate button 

348 Proceedings of the IEMS 2000 Conference 



push. Since the test subjects were not cognitive analysts, it is unlikely that they would have defined many of these 
cognitive primitives on their own, yet CAT-HCiwas able to elicit nearly 75% of the primitives from the domain 
experts as a result of the interactive dialogue and algorithms used in CAT-HCI. Mental primitives are particularly 
important -in predicting the time to execute a cognitive task. The results of this experiment clearly indicate that CAT
H CI is able to elicit the necessary information from domain experts to create relatively accurate models. This 
accuracy of between 75%-80% represents a potential savings of three-quarters of a cognitive analysts time, resulting 
in less costly development for intelligent tutoring systems for training human systems interactions. 
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ABSTRACT 

This paper presents the state of the art in the field of simulation optimization. A general description on how 
simulation could be integrated with an optimization method and how this integration could be used to optimize a 

, simulated system is presented. In addition to this, a review of optimization methods that could be linked to a 
simulation model is explained. These methods include gradient-based techniques, metamodels, random search · 
methods, and modern heuristics such as, genetic algorithms, simulated annealing, and tabu search. Finally, 
conclusions and some important recommendations for future research are presented. 

1 INTRODUCTION 

Simulation optimization can be defined as the combination of an optimization method with a simulation model to 
determine the input variable settings that maximize the performance of the simulated system. Fu ( 1994) presents a 
general problem setting for an optimization problem as follows: 

m1ry(0) 
093 

Where} {0)=E[L(0,w)J: Performance measure of interest 
L(0, w): Sample performance 
OJ. Stochastic effect of the system 
0. Controllable vector of p parameters 
e: Constraint set on 0 

If the J(0) function is known, the optimization problem could be solved using analytical techniques. When J(0) is 
unknown, it generally can be represented via a simulation model. This model can answer "what if,, questions, in 
other words specific point estimations of J(0) can be obtained using simulation. In this case the optimization 
problem can be solved combining the simulation model representing J(0) and an optimization technique that does 
not rely on the analytical structure of the objective function. Figure 1 shows how a simulation optimization model 
works. The output response of the simulation model is used as input for the optimization method. This information 
is used by the optimization technique to perform an iteration searching for a bette~ performance of J(0). After the 
iteration more information (point estimations) are required and used as input for the simulation model. This 
procedure is repeated until an optimal solution or a convergence criterion has been reached. 

Input Simulation 
Model 

Initial Conditions 

e 

Output 

E[L(0,ro)] 

Optimization 
Method 

Solution 

Figure 1: Simulation Optimization Interface Diagram 
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Several different optimization methods have been used in simulation optimization problems. Some important 
reviews of techniques used in simulation optimization can be found in·Safizadeh (1990), Fu (1994), Carson and 
Maria (1997) and Andrad6ttir (1998a, 1998b). A survey o(the most.important methods reported in the literature can 
be summarized in the following main categories: 

• Gradient based techniques 
• Metamodels 
• Random search techniques 
• Modem heuristic techniques 

Each one of these categories is subdivided in specific searching methods. The following section presents an 
explanation of these methods, advantages, disadvantages and applications reported in the literature. It is important to 
mention that several other techniques have been used in simulation optimization. This paper reports the methods 
more frequently found in the Eterature but not all of them. 

2 SIMULATION OPTIMIZATION METHODS 

2.1 Gradient based methods 

Gradient based methods make an approximation of the objective function to be optimized by estimating the gradient 
(Vf(0)) of the expected system performance/(0). Then, the optimization is performed applying deterministic 
mathematical programming techniques. It is assumed that the feasible region 0 is continuous. The algorithms most 
frequently used are Stochastic Approximation and Sample Path Method. A brief discussion of stochastic 
approximation is presented next. 

2.1.1 Stochastic Approximation 

The stochastic approximation method was first introduced by Robbins and Monro (1951) and Kiefer and Wolfowitz 
(1952). The general form of a stochastic algorithm is presented as follows: 

0 n + I n 8 ( 0 n - £t_'! g ( 0 II ) ) 

Where Bn is -the parameter value at the beginning of iteration n, TT0 is a projection onto the feasible region 0, g( Bn) is 
an estimate of VJ{_ Bn) an~ an is a positive sequence of step sizes such that: 

f, a. oo , and , f, a ,: < oo 
n • I n • I 

Each iteration requires the following steps: 
1. Estimation of V .f{_ Bn) = g( Bn) 
2. Selection of an 
3. Selection of observation length 

A more detailed explanation of the stochastic approximation algorithm can be found in Krushner and Clark (1978) 
and Benveniste, Metiever, and Prioret (1990). The major problems of this method are slow convergence, absence of 
a good stopping rule, and difficulty to handle constraints, Shapiro(l996). Another drawback of this algorithm is that 
it generally will converg~ to a local optimal solution. Other stochastic approximation algorithms developed to 
improve the problems presented by Robbins - Monro algorithm are presented by Fu (1990) and Andrad6ttir (1996a). 
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2.2 Simulation Metamodels 

A metamodel is a representation or approximation of another model, in other word is a model f d 1 A 
. 1 . ld b . d . o a mo e . 

s1mu atlon sys
1
tdemb cou d' e dapp:ohx1ma~e usi~g a metamode_l in su~h way_ that different parameter configurations 

responses cou e pre icte wit out simulatmg them. For simulation optimization this would be· very s fi 1 · 
d 1 ld b ·1· d fi • u e u smce 

the metamo e cou e uh ize as a unction representing the simulation model to be optimized. Two 
metamodeling techniques are discussed next, Response Surface Methodology (RSM) and Neural Networks. 

2.2.1 Response Surface Methodology 

~SM c~n b~ considered as a standard regression ~odel'. where the independent variables of the regression are the 
simulation mput parameter and the dependent variable is the response of interest, Law and Kelton ( 1991 ). The 
procedure starts by using the simulation to evaluate specific system configurations in some region of the 
indepe~dent variables. These results are used in an experimental design experiment to fit a first order polynomial 
regression. Then, a steepest ascent/descent search method is used to find a path towards the optimum. Experiments 
are conducted along the path until no further improvement in the response is observed. The procedure continuous 
fitting new first order models and determining new searching paths. This is repeated until the search leads to the · 
vicinity of the optimum where higher order polynomial regressions are fitted to obtain a more precise estimate of the 
optimum. 
Some applications of RSM to simulation optimization can be found in Daugherty and Turnquist ( 1980) and Rees, 
Clayton and Taylor (1985). A more detailed explanation of RSM is presented in Myers and Montgomery (1995). 

2.2.2 Neural Networks 

Neural networks can be defined as a computing devise that learns associations between input/outputs pairs of 
patterns and then generalizing on an association so that correct outputs can be inferred for new input patterns, even 
though the latter had never been encountered previously, Adeli (1990). Multi-layer Feedforward networks are 
typically used for function approximation due to their flexibility to approximate smooth functions. This is inspired in 
Kolmogorov ( 1961) whose work implies that any continuous function can be exactly reproduced over a compact 
subset by three-layer feedforward network, Barton (1998) 

A simulation model can be used to generate responses associated to a specific configuration of input parameters and 
then utilize them to train the network. In this way it is possible to create a "black box" representing an approximated 
function of the simulation model. This black box can be used integrated with a search heuristic to find better 
responses and eventually the simulation optimum. 

Some examples of neural networks used as a simulation metamodel can be found in Hurrion (1992) and Kilmer, 
Smith and Shuman ( 1994 ). Hurrion ( 1997) used a neural network metamodel to find the optimum number of 
kanbans in a manufacturing system. 

2.3 Random Search Techniques 

Random· search methods searches for an optimal solution by moving from one point to another within a 
neighborhood of feasible solutions. The neighborhood must be connected in such way that it is possible to go from 
any feasible alternative 0 to any other feasible alternative e•· by moving successively from a feasible alternative to a 
neighbor of that alternative, Andrad6ttir (1998a). The method works by selecting a starting point and them 
simulating two or more neighborhood feasible alternatives. The alternatives are compared and the one with better 
response is selected and passed to the next iteration. 

In general these methods converge just locally. Andrad6ttir ( 1996b) presents a random search algorithm th~t 
converges globally under certain conditions. Yan and Mukai (1992) proposed a method for gl?ba~ stochas!ic . 
optimization called the stochastic ruler method. This method compares observations of the obJectlve function with 
values of a predetermined uniform random variable U called the stochastic ruler, Andrad6ttir (1998a). 
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2.4 Modern Heuristic Search Methods 

Even though some of the techniques covered before can be considered heuristic searching methods, they have 
important limitations. The most important disadvantages of these methods are their fault of flexibility and, with 
exception of specific cases, convergence just to local optimums. This section will cover three of the latest 
developments in the field of direct search, genetic algorithms, simulated annealing and tabu search. These methods 
are very flexible and cap.able to be applied to a very wide range of problems. These methods also have the advantage 
to converge to a global optimal solution. 

2.4.1 Genetic Algorithms 

Genetic algorithms, evolutionary strategies and evolutionary programming form part of a set of techniques called 
evolutionary algorithms. These algorithms are general purpose search techniques that emulate the basic principles of 
evolution. 

Genetic algorithms (GA) are probably the most widely known type of evolutionary algorithm. GA were developed 
by Holland (1975) and popularized by Goldberg (1989). These algorithms have been successfully applied to a wide 
variety of real life problems. An introduction of this technique and review of different manufacturing applications 
such as machine scheduling, flow shop and job shop sequencing, transportation, and facility layout problems can be 
found in Gen and Cheng ( 1997). 

Genetic algorithms start with a group of initial solutions called population. This population consists of chromosomes 
representing individual possible solutions to the problem. In each iteration these chromosomes evolve generating 
new chromosomes ( offspring) that are evaluated using a measure of fitness. The evolving process is performed by 
either crossover or mutation operators. From the application of one of these two genetic operators new chromosomes 
called offspring are created. A selection process takes place when some parents and offspring are selected and others 
are rejected according to a fitness value. In this way, a new generation is created and the process repeated until the 
algorithm converges to the best chromosome. 

~ecause genetic algorithms do not have much mathematical requirements about the problem, represent an excellent 
tool to be used in simulation optimization. GA do not need to know anything about the structure of the objective 
func,tion, they just need the result of the function when is evaluated in different parameter configurations. In this 
way, a simulation model could be considered as the objective function of the problem to be optimized. The system's 
performance of this model for a specific parameter configuration could represent the fitness value for that particular 

. scenario (chromosome). Using this analogy the simulation optimization problem can be carried out combining a 
simulation model and the genetic algorithm. 

Several examples where GA have been used for simulation optimization are reported in the literature. Yunker and 
Tew ( 1994) applied GA combined with a simulation model to optimize a university computer system consisting of 
40 terminals. The objective was to minimize the average response time at a given terminal. In the manufacturing 
environment it is possible to find some examples such as Tautou and Pierreval ( 1995) and Pierreval ( 1997), they 
used GA and simulation to minimize the total design cost of a workshop that manufactures plastic yogurt containers. 
Other example is reported by Azadivar and Shu (1998), they applied genetic algorithms for optimization of 
maintenance policies in a manufacturing system. They solved this problem using several types of GA that 
considered different configurations of crossover rate, mutation rate, initial population, etc. An optimization problem 
considering qualitative variables is reported in Tompkins and Azadivar (1995) and Azadivar and Tompkins (1999). 
They show significant improvements when GA were used to solve the problem comparing to a random sampling 
technique. 

2.4.2 Simulated Annealing 

The basic ideas of simulated annealing (SA) were :first introduced by Metropolis et al. (1953) and was inspired by 
the thermodynamic process of annealing where a material is heated ovef'its melting point and then cooled back into 
a solid state. Kirkpatrick Gelatt and Vecchi ( 1983) made used of this concept and suggested that simulated 
annealing could be used to find a global optimum in deterministic optimization problems. After that, SA has been 
used successfully in different types of optimization problems. Some applications include computer-aided design, 
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Fleis~er Tav~l and Martin (1985); Clustering problems, Brown and Huntley (1992); and multi objective scheduling 
and timetablmg, Dowsland (1996). 

Simulate? anneali~g can b~ seen as a _hill climbing or neighborhood search heuristic with the ability of avoiding 
local optimal solutions. This process 1s performed by allowing moves to inferior solutions with probability: 

exp [ / ( 0" ) ; / ( 0 " " ) ] 

Where f(0n) is the objective-function value evaluated at parameter configuration 0 at iteration n and f(0'n) is the 
objective function value evaluated at a neighboring parameter configuration 0'. Iff(0'n)> f(0n) so that f(0 'n) is an 
inferior solution (minimization problem), then 0'n will be selected as the next move 0n+ 1 with the above 
probability.Tis a control parameter set initially high to allow many inferior moves to be accepted and latter slowly 
reduced so that inferior solutions are almost never accepted. 

There are some examples of applications of simulated annealing to simulation optimization problems. Bulgak and 
Sanders ( 1988) used SA to optimize buffer sizes of a simulated automatic assembly system. Haddock and 
Mittentahal ( 1992) presents the application of SA for profit maximization in an automated manufacturing system 
consisting in four machines used to assemble three similar products and a carrousel used for transportation between 
the machines. The results showed that the algorithm was able to find an optimal or near optimal solution without 
being trapped in a local maximum. Lacksonen and Anussomnitisam ( 1995) present a comparison of optimization 
algorithms, including simulated annealing, to four different manufacturing problems. A similar comparison is 
reported by Brady and McGarvey (1998), they applied five optimization heuristic methods to a simulation model of 
a pharmaceutical manufacturing laboratory. In both cases the simulated annealing algorithm found good solutions, 
even though other algorithms performed better. 

2.4.3 Tahu Search 

Tahu search {TS), like simulated annealing can be considered a hill climbing or neighborhood search method with 
the ability of avoiding local optimum solutions. In addition to this, Tahu search is perceived as a metaheuristic, a 
heuristic that could be used to guide other heuristics in the optimization problem. The tabu search concept was first 
introduced by Glover ( 1986) and after that has been applied to different optimization problems. Mazzola and 
Schantz (1995) applied a TS approach to a resource allocation problem of a single facility under capacity based 
economies and diseconomies of scope. Skorin-Kapov and Vakharia (1993) present a TS approach for the scheduling 
problem of a flow line manufacturing cell. Other examples of applications of TS to different kind of optimization 
problems can be found in Glover and Laguna ( 1997) and references therein. 

Tahu search is based on two main concepts, short term memory and long term memory. Short term memory keeps 
track of the recently past moves. These moves are maintained in a tabu list and are not allowed in the present 
iteration. In this way, the tabu list prevents re-exploring areas that have been already visited. Long term memory in 
TS works as a learning feature that guides the algorithm. Long term memory makes used of past moves to reduce the 
searching space by concentrating the search in an specific area that have been already visited or by closing that area 
and not allowing to re-visit it. 

An application of tabu search to simulation optimization can be found in Brady and McGarvey (1998). Tahu search 
was used in addition to simulated annealing, genetic algorithms and a heuristic proposed by the authors, called 
frequency-based heuristic, for simulation optimization of staffing levels in a pharmaceutical manufacturing 
laboratory. Glover, Kelly and Laguna (1996) present an optimization package called OptQuest. This optimization 
tool is based on tabu search and other techniques such as scatter search, neural networks and integer programming. 
It has been customized for integration with the simulation packages Micro Saint 2.0 and Arena 4.0. 

3 FUTURE RESEARCH 

In simulation optimization one of the most important research areas is related to the optimization method used to 
lead the search towards improved solutions. This paper has introduced most of the techniques used in the field, 
however other methods as well as hybrid heuristics have also been used. The development, testing and improvement 
of these methods represent an important challenge for the simulation optimization community. One of the major 
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concerns in the selection of an optimization method in simulation optimization is related to the number of point 
estimations required to find good solutions. The importance of this particular aspect of the technique is due to the 
cost in time that represents the evaluation of each scenario in a simula_tion model. The development of algorithms 
able to function efficiently in terms of the quality of the solutions reached and the number of estimations needed to 
find these solutions would represent an important contribution to the field. Another interesting research area in 
simulation optimization is concern with the analysis of more than one objective. Real world situations are multi
objective in nature. The development of techniques able to find good solution for multi-objective simulation 
problems gives an opportunity for solving problems in a more realistic way. 

4 CONCLUSIONS 

This paper has introduced the concept of simulation optimization. Different techniques that could be integrated to a 
simulation model have been presented. These methods can be divided in four major categories, gradient-based 
search method, metamodels, random search techniques, and modem heuristic methods. An introduction of the 
techniques, as well as advantages, disadvantages, and applications reported in the literature were discussed. Finally, 
some guidelines for future research in this topic were presented. 
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A SYSTEM FOR DRAFTING FOOTBALL PLAYERS 

David Kohler 

San Francisco State University 

Abstract 

We describe a system for drafting college football players into the NFL whjch was successfully implemented by an 
NFL team. 

History 

The Dallas Cowboys were the first to develop a computerized scouting system, in 1963-1966. It was the subject of an 
article in Sports Illustrated (Maule, 1968). For a variety of reasons this system deteriorated in the late 70's and early 
80's. In 1985 the Cowboys decided to replace it with a new system (Latham, 1986). The new system was developed 
and ran in parallel with the old system in 1985-87. In 1988 it became the Cowboy's primary scouting system. However, 
it had a short, albeit successful life because the Cowboys were purchased the next year and the new owner wished to 
begin with a completely new organization and scouting system. 

The Operational Procedure 

The following procedure, first developed by the Cowboys, is now used widely in the NFL. 

Film scouts look exclusively at game films. Staff scouts usually visit the player's school, watch him in practice, talk to 
his coaches, see at least one live game and probably also look at several films; Both types of scout complete a single
page scouting report in which many "factors" and position-specifics are rated on a numeric .scale from -1 to 9. The most 
important piece of information on the scouting report is the Prospect grade - a number betwe~n 1 and 9 indicating the 
player's prospects of "making it" in the NFL: 

9 Exceptional rare ability 
8 Unusual, near great 
7 Very good 
6 Good college ability 
5 Above average college ability 
4 Slightly above average ability 
3 Average college ability 
2 Below average college ability 
1 Poor 

The information on the s~outing reports is fed into a computer which then ranks the players on the basis of -

the information on the scouting reports, 

measurable player data, including height, we1ght and speed, 

the relative accuracy of the scouts, 

• the position requirements, 

the type of report (film or staff, fall or spring), 

the size of school. 

This ranking process is performed several times during the year as the information is gathered, in order to identify 
players with potential whq might otherwise be overlooked. The final rankings are used as the starting-point for the 
meetings held in preparation for the draft. 

Two or three years after a player is drafted, the scouts and coaches estimate his Madeit grade - a number between 1 and 
9 which indicates his performance in the NFL : 

9 Super star; All-:Pro/Pro Bowler 
8 Strong starter 
7 Starter 
6 Part-time starter for a contending team or starter for a non-contending team 
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5 Back-up player; special teams 
4 Active for one full year; waived second season 

3 Made a squad for part of a season; either made it and was waived during the season, or was activated after 
the season started . 

2 Quit or was injured, joined Canadian Football League, etc. 
Never made a squad 

The Madeit grade is used to ass~ss the effectiveness of the scouting system from all points of view, including : 
the accuracy of the scouts, 

the accuracy of film reports versus staff reports, 

the relative significance of the factors and position-specifics, 
the importance of the size of school, 

the importance of the measurable factors : height, weight, speed, score (IQ) for the position, 
the season (spring or fall). 

Weighted Average Method 

The first method we developed, called the Weighted Average Method (W AM), had some serious flaws and was 
subsequently rejected. We mention it because it~ the obvious way of solving this problem and its faults should be 
revealed for the benefit of others who may pass this way in the future. 

W AM was developed in 1985 and is essentially a straightforward regression model. For each scout separately, we 
performed a regression analysis, using past data, in which the dependent variable was Madeit and the independent 
variable was the scout's Prospect rating. Typical crosstabulations of Madeit versus Prospect for one scout are given in 
Table 1. (Madeit category 2 was ignored because it was such a miscellaneous category). 

9 

8 

7 

6 

Madeit 5 

4 

3 

5 

1 1 1 1 

1 1 2 2 

3 10 6 3 1 1 

2 8 13 13 3 2 

9 23 25 15 6 1 

2 8 4 1 

1 5 2 2 

15 36 14 8 1 

2 3 4 5 6 7 8 9 
Prospect 

Table 1 

The standard statistical "case" in this analysis is the scouting report, not the player. We will say that each report has a 
Prospect rating and a Madeit grade (the Madeit grade of the report being defined as the Madeit grade of the player who 

is the subject of that report). · 

Consider all the scouting reports submitted by a particular scout. We assumed the following standard linear regression 

model: 

Y . =a+b·x. +e. 
J J J 

where Yj is the Madeit grade of the fh scouting report, XJ is the Prospect grade of the fh scouting report, ej is an error 

random variable (E(ej) = 0, Var(ej) = cr2) , and a and bare the scout's regression coefficients . 

By the least squares method we obtain estimates o, and b of a and b, and also the standard error of the estimate, Sylx· 

Then, in the next season, when we receive from that same scout a scouting report whose Prospect grade is Xp, we obtain 

an estimate, Yp, of the player's Madeit grade using the equation : 

Y . =o,+b·x . +e . 
J J J 
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If y1 is the player's true Madeit rating, n is large and~ is fairly close to , x then 

x; -xP 

· s ylx 

has an approximately Normal(0,1) distribution. Thus, (Sy
1
x)2 is approximately equal to V, the variance of the prediction. 

During the course of a season, a player may accumulate several scouting reports; 15 scouting reports on one player is 
not at all uncommon. A single scout may submit several reports on a player ifhe sees him at various times of the year 
or in different game films. We assumed that the various scouting reports on a player are independent, even when two or 
more of them are from the same scout. More precisely, we assumed that the Prospect ratings on these reports ( and 
hence the forecasted Madeit grades) are statistically independent of one another. We genuinely feel that this assumption 
is justified. The scouts were told repeatedly to ignore the player's reputation, their own prior opinions, and other 
people's opinions: "Report what YQ!! see." 

The individual forecasted Madeit grades, yp, are combined linearly, weighted by the inverse of the variance ofeach, V 
= (Sy

1
x)2. It can be shown using Lagrange multipliers, that this gives the minimum-variance linear unbiased estimate of 

Madeit. This way of combining the estimates is only optimal when the estimates are independent. 

Let y1, y2, ... , Ym be independent estimates of a player's Madeit rating and let V 1, V2, .. . , bm be their respective variances. 

Then the minimum-variance linear unbiased estimate of the Madeit grade, M = L wi Yi, where wi = (lNi) I Li (lNJ 

This method is inherently unsound for several reasons: 

1. It assumes that the variance of each estimate is known, namely the standard error SyJx· But the standard error was 
computed from past data and is dependent on the players looked at by the scout in those years; some of those 
players were consistent and others inconsistent. The standard error, therefore, is a kind 9f average value of two 
separate kinds of variability : (a) the scout's variability in assessing the player's ability during the game; and (b) the 
player's variability from game to game. By weighting each estimate, yp, by the inverse of the variance of each, V = 
Sylx we are therefore assuming that this variance is known. In particular, we are assuming that this player's_ 
variability from game to game is the same as the average player's variability in prior years. 

2. The Madeit and Prospect grades are ordinal variables. It is a very dubious business to assume a linear relation 
· between ordinal variables. When we assign a Prospect rating of, say, 6 to a player's performance we must not 

pretend that .we are measuring anything; we are simply categori'zing the player's performance (6 = Good college 
ability). Even if we could measure perceived performance, the subdivision of this scale into the intervals 
corresponding to the various Prospect grades is purely arbitrary. 

3. Most of the Prospect values are for grades 3, 4, 5 and for Madeit grades 1, 5, 6. Therefore, the regression line fits 
these values very wel~ but does not fit higher grades as well. However, it is the higher grades that are the important 
ones. 

4. Clearly, it is not appropriate to fit a straight line through some scout's data. Often, it would seem to be more 
appropriate to fit one line when Prospect::: 5 and a separate line when Prospect :5 4. 

The Bayesian Method 

We developed the so-called "Bayesian Method" to overcome some of the problems associated with the WAM. We have 
not found any instance in the literature of this Bayesian approach to combined estimation. 

The principles underlying ~e new method is as follows : 

■ NFL teams are only looking for players who will have Madeit grades of at least 4. It is not really necessary to 
discriminate between Madeit grades 1 and 3 so we combined them into a new category called '1 + 3'. 

■ A Prospect iacle of less than 4 indicates that the scout thinks the player has no hope of playing in the NFL 
The scouts seem to ·differ, among themselves and over time, as to the meanings of Prospect grades 1, 2 and 3. 
Therefore, in both the statistical analysis and in the rating program itself, we treated both Prospect= 1 and 
Prospect=2 as if they were Prospect=3. 
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For each possible Prospect grad~, p, (p = 3,4,5,6,7,~ and 9) and each possible Madeit grade, m, (m = 
3,4,5,6,7,8 and 9) and each possible Scouts, we estimated the conditional probability 

P(plm,s) = Prob(Prospect = p I Madeit = m, Scout= s) 
Note that now Madeit is ~e indepe~dent varia~le, whereas in the W AM the independent variable was 
Prospect. Note also that this recogmzes the ordmal nature of the Madeit and Prospect v · bl d 1 

11 fi 'bl · · • • . . aria es, an a so 
a ows or possi e d1scontmmties m the relat10n between these two variables. 

The method also requires the a priori unconditional probabilities 
P(m) = Prob(Madeit = m) 

Let us assur1e we have received n scouting reports on a player and that the i1h scouting report is from scout si 
and awards the player a Prospect grade of Pi· Let E represent the following combined event : 

Scout s1 gives the player a Prospect grade of p
1 

and Scout s2 gives the player a Prospect grade of p
2 

and and Scout s0 gives the player a Prospect grade of Pn 

Then,_assuming that the {pJ are independent, we compute the probability of the combined event, Prob(E I 
Madeit = m), for each value of m = 3, 4, 5, 6, 7, 8 and 9 as: 

Prob(E I Madeit = m) = P(p1lm,s1). P(p2Jm,s2). ••• • P(p
0
jm,s

0
) 

• Using the fact that 
Prob(Madeit = m and E) = Prob(Madeit = m I E) . Prob(E) 

= Prob(E I Madeit = m) . Prob(Madeit = m) 
we obtain the following form of Bayes' Theorem : 

Prob(Madeit = m I E) = Prob(E I Madeit = m) . Prob(Madeit = m) 

Sumj=3,9 { Prob(E I Madeit = j) . Prob(Madeit = j) } 

This is the central formula in our "Bayesian Method". Using it, we can estimate the probabilities of each of the 
Madeit grades m, m = 3 through 9, which in tum enable us to compute such quantities as: 

- the expected value ofMadeit, 
- the variance or standard deviation of Madeit, 
- the probability that the player will "make it" in the NFL (Madeit > 3), 
- the probability that the player will be a star in the NFL (Madeit > 6). 

The first implementation of the Bayesian Method 

In theory our Bayesian Method overcomes all of the objections to the Weighted Average Method that were mentioned 
earlier. However, the initial implementation of the method only overcame the first objection. 

(A) Estimation of the probabilities P(pjm,s) 

For each scout the data was separated into two parts: 
{a) when Madeit=3 we computed the mean (AV _3) and standard deviation (SD _3) of the Prospect grade; 
(b) when Madeit=4 thru 9 we used regression analysis to find a least squares fit for the line 

Prospect = A + B * Madeit · 
Then we found where this line crossed Madeit=4 (AV_ 4) and when it crossed Madeit=9 (AV _9). We assumed 
that the standard deviation about this line, SD, was equal to the standard error. The mean of Prospect, AV, for a 
specific value of Madeit was found as the appropriate weighted combination of AV_ 4 and AV _9. For example, if 
m=6 then 

AV = (3/5) * AV_ 4 + (2/5) * AV _9 

Assuming that Prospect was distributed as NORM(A V,SD) for a given Madeit grade, we computed the probability that 
Prospect was between p-0.5 and p+0.5. If p was 9 we computed the probability that Prospect was greater than 8.5. If p 
was 3, we computed the probability that Prospect was less than 3.5. 

(B) Estimation of the probabilities P(m). 

It is necessary to estimate {P(m)} for the current year. This is not necessarily the same as {P(m)} for prior years. 
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Consider the data contained in Table 2. It shows the numbers of players (not scouting reports) that received each of the 
Madeit grades in the years 1984 and 1985. 

Madeit 1984 ·1985 Average Proportion 
9 4 0 2.0 .004 
8 6 4 5.0 .010 
7 13 22 17.5 .035 
6 36 45 40.5 .080 
5 101 90 95.5 .189 
4 25 33 29.0 .057 

1&3 376 255 315.5 .625 
Total 561 449 505.0 1.000 

Table 2 

This data indicates that the relative proportions ofMadeit grades were approximately the same in the two seasons for 
Madeit grades 4 through 9, but not for Madeit grades 1 & 3. A likely explanation of this is that the number of players 
who "make it" in the NFL at Madeit grades 4 through 9 is roughly constant from year to year, but the Cowboys looked 
at more "no hopers" in 1984 than they did in 1985. From this data, therefore, we were lead to make these assumptions: 

An average of 189.5 new players "make it" (i.e. achieve Madeit grades of 4 or more) in the NFL each year (at that 
time). We assumed that these players will always be included m the pool of players to be scouted. Thus, ~ariation 
in the size of this pool only affects the proportion of players who do not make it, i.e. it only affects P(3). 

The average number of players who make it with a Madeit grade ofm (m::: 4) remains constant from year to year 
(see table below). For example, we assumed that on average 95.5 players will achieve a Madeit grade of 5 each 
year. 

In 1984 and 1985 the average number of scouting reports per player was dependent on the Madeit grade as shown . 
in Table 3. 

Madeit grade 
9 
8 
7 
6 
5 
4 

1&3 

Reports per player 
7.25 

Table 3 

6.70 
\ __ 6.40 

5.69 
5.07 
4.53 
3.97 

We assumed that the reports-per-player ratios remain relatively constant from year to year. That is to say, we 
assumed that if the number of reports on a Mad~it 9 player is 7 .5k (7 .5 multiplied by a factor k) then in the same 
year a typical Madeit 8 player will have 6.7k reports, a Madeit 7 player will have 6.4k reports, and so on. 

On these assumptions it is a straightforward process to compute the {P(m)} given T, the total number of players who 
are scouted in a year. For example, P(3) = (3.97T - 752) I (3.97T + 254) 

(C) The treatment of factors and specifics. 

On every scouting report the scout is required to estimate the five character "factors" -
Character 
Quickness, agility, balance 
Competitiveness, aggressiveness 
Mental alertness· 
Strength and explosion 

and also the position-specifics. 

The Cowboys' President, scouts and coaches believed to a man that this additional information should was useful in 
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rating players. For example, they looked more·favorably on a quarterback with a strong Character rating or a linebacker 
with a strong Competitiveness rating. Similarly, they tended to discount players with low grades for those factors. But 
there was much evidence to suggest that once the Prospect has been chosen this additional information is just confusing 
"noise": 

(a) Character in quarterbacks, or Competitiveness in linebackers, is very weakly correlated with Madeit. It would 
be very dangerous to select a quarterback just because he had strong character; and equally, it would be very 
dangerous to reject a quarterback with a weak character 

(b) For each playing position ( e.g. quarterback) we performed a step-wise multiple regression - using Madeit as 
the dependent variable, and using Prospect, the five factors and the position specifics as the independent 
variables (1 + 5 + 11 = 17 variables, maximum, altogether). The regression procedure selects the most 
significant independent variable, then the two most significant variables, then the three most significant 
variables, and so on. We found from this that Prospect was invariably the most significant variable for all 
playing positions; but subsequent variables confounded our expectations. Several variables that we expected 
to be important turned out to be unimportant, and vice versa. Some variables were even negatively correlated! 
Tests of the hypothesis that the regression coefficients were zero ( except the coefficient for Prospect) · 
supported the view that Prospect is the only piece of information that should be used by the scouting system. 

( c) There were similar inconsistencies when we calculated the correlation coefficients between the Madeit grade 
and each of the factors and specifics in tum. Most of the correlations were weak, and many confounded 
commonsense. 

(d) There was no consistency from year to year. 

We felt that the coaches were refusing to see that the overall strengths and weaknesses of the player, as reflected in his 
factors/specifics grades, are already taken into account by the scout when choosing the Prospect grade. So if one tells a 
scout "We think that player is better than you think he is because he has a high Character grade" what one is really 
implying is that the scout does not know the importance of Character in that position .. 

Summary 

The first implementation had many faults, including objections 2 through 4 listed above. There is insufficient space 
here to describe how these objections were overcome in the second implementation, or how how the method 
incorporated (a) the size of school, (b) the measurable factors (size, weight and speed), (c) the season (Fall or Spring), 
( d) new scouts for which there is no history, or ( e) comparative accuracy of film and staff scouts. 

These things must be the subject of a subsequent paper. 
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ABSTRACT 
When statistical process control (spc) data contain correlations, an spc analysis requires a model that can account for the 
correlations. We propose two spc charts based on the moving window spectral (mws) time series model fitted to the 
data. A special cause chart (sec) of the independent identically distributed residuals from the model is used to help 
identify one of a kind shifts in the process mean. A common cause chart ( ccc) of the correlated fitted values is used to 
help identify systematic movements in the process mean. Defects are detected and classified efficiently, with no 
increase in false alarms. 

Key words: Moving window spectral analysis; Frequency domain; Stationary; Total quality management, Average 
run length. 

1. INTRODUCTION 
Statistical process control (SPC) has been used to improve product quality and productivity in manufacturing. As a 
result, the cost of production is reduced and profits are increased. Quality is monitored by evaluating critical product · 
measurements. These measurements are plotted on an SPC chart where they can be easily observed and understood. · 
The SPC chart is labeled with an upper control limit (UCL) and a lower control (LCL). The control limits are typically 
placed 2 or 3 standard deviations (sigmas) above and below the target mean value of the process measuremerit. If the 
measurements are independent of each other, and normal and identically distributed (NID), then the probability of a 
process measurement falling above the UCL or below the LCL is determined by the width of the control limits. For 2 · 
sigma limits, say, the probability is 0.04552. This is the probability fl@! the SPC system will generate a false alarm, due 
to the normal variation of the process measurement about the mean and the control limits. The average number of 
measurements between breaches of the 2 sigma limits is therefore 1/0.04552=21.977. That is, the average run length 
(ARL) before the product measurement breaches the control limits is 21.977. The objective of SPC is rapid detection of 

. genuine departures from the normal design process variation without adding to the number of false alarms. 

When the process measurements are correlated, as opposed to NID, the false alarm rate is altered. Serial correlation 
occurs in SPC data, up to about 80% (Alwan and Roberts, 1995). This has lead to many studies on alternative SPC 
charts designed to model serial correlation, one of the earliest being that suggested by Box and Jenkins (1963). SPC 
charts for an exponentially weighted statistic for various smoothing constants have been studied by various researchers 
(Montgomery and Mastrangelo, 1991, Roberts, 1959, Wardel et. al., 1992, 1994, Yashchin, 1987, Crowder, 1987, 
Hunter, 1986, Lucas and Saccucci, 1990). 

Alwan and Roberts(1988) and Alw<!-n and Radson(1995) suggested a dual chart SPC system as follows. Fit a time series 
model to the process measurements. Plot the residuals from the model on one chart. This chart becomes the special 
cause chart (sec). If the time -series model does in fact model the serial correlation in the data, the residuals will be NID. 
The sec may be used to help identify special one of a kind causes of a process disturbance. Plot the fitted values on 
another chart. This chart becomes the common cause chart ( ccc ). The ccc may be used to help identify systematically 
recurring patterns, symptomatic of a common cause variation. For example, system inertia and worn components, 
controllers, or drift in monitoring instruments. 

Wardell, et. al. (1992) discussed the possibility of applying control limits to the ccc as well as to the sec. In that way the 
ccc and sec are used in conjunction with each other. The discussant Fellner in Wardell, et. al. (1994) (see also the 
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rejoinder) pointed out that if the process contains a steady drift, the fitted model will remove it from the sec of 
residuals. However, while it is true that it will go undetected by the sec, it will be observable on the ccc of fitted values. 
The expectation is that when applied to the sec and the ccc, control limits will increase the power of the two chart 
combination. 

Periodic process variables 
Alwan and Radson (1995) suggested a time domain model for removing correlations in SPC data. However, in the 
presence of periodic cycles they were unable to correctly fit a model to the data. They tried other time domain models, 
but found no automated time domain model that could reliably fit the data. Chatfield and Prothero (1973) also reveals 
that time domain time series models are limited in their ability to represent periodic cycles in the data. As in any time 
series methodology, non-stationary data must be made stationary by applying suitable transformations, where 
necessary, prior to model fitting. One of the problems that they identified was the selection of appropriate data 
transformations for trend removal and heteroscedasticity in which the error variance changes systematically with the 
mean of the time series. This problem was resolved subsequently by Ridley (1993, 1994b). 

The purpose of this paper is to show how the problem of correlated SPC data can be overcome using the moving 
window spectral (MWS) time series model (Ridley, 1994a,1998, 1999a). The MWS model is a frequency domain 
approach. It is a generalized automatic system that decomposes the process variable into trend, constant frequency 
periodic components and residuals. 

The rest of the paper is organized as follows. The MWS time series model is given in section 2. This is followed by a 
large scale simulation study in section 3. The results of the MWS method are compared and contrasted with the 
traditional single X chart SPC method and the time domain EWMA method. Conclusions and recommendations for 
further study are summarized in section 4. 

2. MOVING WINDOW SPECTRAL (MWS) TIME SERIES MODEL 
Consider the process variable, represented as the time series y(t), t= 1,2, ... ,n. The time series is assumed to contain trend, 
constant frequency periodic (cyclical) and random components. In order to estimate the correlation structure of y(t), a 
moving window of length T is defined in the time domain; The moving window is used to generate sequences of data 
points in the time domain. This creates multiple observations for obtaining least squares estimates of the parameters that 
describe the behavior of the component cycles over time. The moving window spectral (MWS) time series model is the . 
Tth order autoregressive process given by: 

y(t) = L:=
1
y(t - k )b(k) + c(t), t = T + I, T + 2, T + 3, ... ,oo 

where 

b(k) = parameter, coefficient ofy lagged k time periods, r:=, b(k) < oo, t:/T, 

B(t) = an unobservable error term, sequence of IID normally distributed random variables with mean zero and variance 

<i. 
The fourier transform is used to estimate the spectral density function for each window y(m-l+t) from 

~(m) = L~=
1
y(m-1 + t)exp( ~imt) 

where m=l,2, ... ,n-T+l is the window number, and the-index of the realization of a cycle at frequency Ul -n<.w<,r, and 

i= Y-1. 
Likewise, 

B(m) = L~=
1
b(k)exp(-imt) 

E (m) = L~=' c(m -1 + t) exp(-imt). 

Complete details on the moving window spectral method, and how the above model is estimated, may be found -in 
Ridley (1994a). The moving window spectral time series model is an integrated procedure of the computer program 
FOURCAST ( Ridley, 1998) used in this research. 
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3. COMPUTER SIMULATIONS 
The standard X, the EWMA and the MWS SPC charts were tested by simulating their performance in monitoring the 
meter stick data described in Kolarik ( 1999), modified to include the hidden compound autoregressive and sinusoidal . 
(three component) correlation structures represented in Fig. la. The ·meter stick is designed to be 1000 millimeters long 
with a standard deviation of 0.5 millimeters. The standardized SPC data values are plotted in Figure lb. It is easy to see 
that the data is unevenly distributed about the mean. A chi squares goodness of fit test shows that at a level of 
significance of 5%, the data is not normal. Therefore, the standard X chart applied to this data would not be valid. The 
standard 2 sigma X chart would determine that the process is out of control, but it would mislead the SPC decision 
maker as to the cause of the out of control condition. By itself, it would suggest a one of a kind special cause, which we 
know not to be the case. 

One time shifts of 0, 0.5, 1.0, 1.5, 2.0, 2.5 and 3 sigmas in the processes mean were simulated for each SPC chart. 
Simulations were conducted for 300 upward shifts and 300 downward shifts. By reversing the direction of the shift, and 
repeating the simulations for the same 300 sets of observations, bias due to any systematic uneven distribution of values 
about the control limits is eliminated. The results are summarized in Table 1. The first simulation is for NID data, 
designed to establish the performance standards when there is no correlation in the data. The theoretical X chart, yields 
the theoretical ARL and standard deviation (S ARL) as expected, for each shift in the process mean that was considered. 

In the prior research on the EWMA SPC chart mentioned earlier, the EWMA statistic was used in place of the standard 
X chart. However, the EWMA statistic is really a one step ahead forecast and is therefore a serially correlated value. It 
is comparable to the fitted values from a time series model. Therefore, following the suggestion of discussanrWoodall 
and Maragah in Lucas and Saccucci ( 1990), we treat the EWMA scheme as a dual chart system in the same way as we 
treat the MWS dual chart system. Following the suggestion by Hunter (1986), the smoothing constant for the EWMA 
chart was optimized so as to minimize the sample mean squared fitted error. The EWMA statistic was subtracted from 
the actual process data values to obtain residuals for plotting the EWMA sec. The EWMA statistic was the basis for the 
EWMAccc. 

EWMA SPC results 
The sec ARL's for shifts from O to 1.5 sigmas are significantly below the theoretical NID values. This chart must 
p~oduce an excess of special cause false alarms. The sec ARL's for shifts from 2 to 3 sigmas are significantly above the . 
theoretical NID values. These indicate a low detection rate. The reason for this is that the EWMA model does not 
capture the cyclical correlation structure in the data {R2 =0.454 for the_ EWMA model is approximately half of that for 
the MWS model:. R2 =0.857). The correlation structure is · showing up in the sec of residuals. Since there is no 
consistency in these results, they are not very useful. The misinformation that they provide can be very misleading and 
confusing fo_r SPC decision making. No EWMA SPC charts are given here because we know that they are 

. unsatisfactory and have to be misleading. 

MWS SPC results 
The ARL's for the MWS sec are approximately the same as the theoretical NID values. That is the MWS residuals are 
NID, and there is no increase in false alarms. The MWS model fits the correlation structure in each case. For this model 

R2 =0.857. Since a high level ofrandomness (e~NID(0,0.5)) was deliberately introduced into the experiment, we expect 
that some variations will remain unexplained. 

The ccc no shift ARL of 15.427 is significantly below the theoretical NID value. This indicates an increase in the rate of 
detection by the MWS model. This is due to the added cyclical correlation structure which is now obvious from the ccc. 
Although the 0.5 sigma shift ARL is close to the ·theoretical NID value, there is a significant increase in the rate of 
detection for shifts of 1 sigma and above. Unlike the EWMA model, the MWS model is not generating false alarms, but 

· is providing useful information about the nature of the out of control condition that might exist. The combined ARL 
represents a breach of either MWS sec or ccc. When the sec and ccc are used in conjunction with each other, all ARL'~ 
are significantly below the theoretical NID values. That is, there is an increase in the rate of detection by the dual chart 
MWS SPC system. 
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Judgement i~ ~equ~red i~ deciding whether or-n?t to s~~p an out of control process. Identifying the cause of the out of 
control condition 1s an Important element of this dec1s10n making process. The dual chart MWS sec and ccc system 
provides information that is symptomatic of special cause or common cause as the case may be. The MWS sec and ccc 
charts in Fig. 2a and 2b respectively, illustrate the results of the dual chart system. 

4. CONCLUDING REMARKS 
A dual chart model based SPC system for cases where the process variable contains complex correlation structures was 
tested. The particular model. used was the MWS time series model. The process variable was decomposed into trend, 
periodic components and residuals. These were used to detect and classify special cause and common cause effects. 

The test was based on large scale simulations for data containing complicated autocorrelated structures, including 
multiple periodic components. The simulations demonstrated that the MWS method was able to extract the systematic 
autocorrelated structure. When plotted on an sec the remaining residuals gave ARL's for various shifts (0-3 sigma) in 
the process mean, that were the same as for NID data. In practice they would not cause any increase in false alarms 
above that due to the normal variations above the upper control limits and below the lower control limits. The ARL's 
associated with the ccc were below those for NID process data. In practice they would provide the appropriate out of 
control signals due to the systematic changes in the mean of the process. The ccc also helped to identify the nature of 
the common cause effect. When used in conjunction with each other, the MWS sec and ccc provided the best 
combination of rapid detection and correct classification of special cause and common cause effects. 

The dual chart SPC system used in this research was implemented using the computer program FOUR CAST (Ridley, 
1998). The program provides clear and automatic diagnostic aids to identify the optimal model. These include time 
series plots and histograms of the process data; spectral decomposition for identifying trend, periodicity (seasonal & 
other fixed frequency periodic cycles) and residuals; R2 values; F ratios; critical t and F ratios; and time series plots and 
histograms of fitted values and residuals. In that way the optimal model is easily determined by a process control 
specialist. Once selected, the optimal model provides stable and consistent results, as the model is updated to reflect 
new data, without the need to update the structure of the model. The program automatically provides the sec of 
residuals and the ccc of fitted values. Both the sec and the ccc charts are marked with 1, 2 and 3 sigma limits. In that 
way an operator with only minimal training can spot out of control conditions due to special and common cause effects, 
respectively, when the control limits are breached. This in tum facilitates appropriate remedial action. 

Further automation of the MWS-SPC system may be possible by augmenting the ccc via computer aided diagnostic 
analysis. Kuo and Mao (1995) and Ridley and Llaugel (1999b) suggested an artificial intelligence system that could be 

applied to the systematic fitted values of the ccc. 
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Table 1: Simulated run lengths (ARL) and standard deviation (SARL) for 2 sigma limit control charts based on 600 sets 

(300 tshifted then -1.-shifted) of 200 observations for simple and complex data characteristics. 
Data Model Statistic R2· Shift Shift Shift . Shift Shift Shift Shift 

Charac-
teristics 0 0.5cr lcr 1.5cr 2cr 2.5cr 3cr 
NID Theoretical X chart ARL 21.977 13.695 6.250 3.239 2.000 1.446 1.189 

based on SARL 0.897 0.559 0.255 0.132 0.081 0.059 0.049 
µ= 1000,a=0.5 

NID Simulated X chart ARL 20.803 12.100 5.997 2.890 1.993 1.450 1.180 
based on estimated 

SARL 0.918 0.431 0.183 0.058 0.037 0.026 0.016 

NID: normally distributed independent speudo random numbers with µ=1000, a=0.5 

AR(l) +cycles: y(t) = 1000+0.8(y(t-1)-1000) +sin(21tt/4)+ sin(27it/6) + sin(21tt/12) +(t), t=l,2, .. ,200, 

E(t)~NID(0,0.5) 
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STATISTICAL ANALYSIS OF AIRBORNE P ARTICUL,ATE MATTER IN THE HOUSTON 
METROPOLITAN AREA 

H. W. Chu, B. Limsakul, U. Tosirisuk, S. Kapasi*, and T. C. Ho* 

Department of Industrial Engineering 
Department of Chemical Engineering* 

Lamar University 
Beaumont, TX 77710 

ABSTRACT 

Statistical methods were employed to analyze concerned pollutants associated with airborne particulate matter taken 
by TNRCC (Texas Natural Resource Conservation Commission) from seven monitoring sites in the Houston 
Metropolitan Area during the years of 1997-1998. The analyzed pollutants included PM10, PM2.5, SO/, NO3-, 

organic carbon, soot, and trace metals. Statistical methods involved were Pearson Correlation and Cluster Analysis. 
The results have suggested several dominating emission sources of various pollutants in the area. 

INTRODUCTION 

The Clean Air Act (CAA) seeks to protect public health from harmful effects of six criteria air pollutants: particulate 
matter, carbon monoxide, lead, sulfur dioxide, nitrogen oxides and ozone. Currently, particulate matter (PM) which 
includes fugitive dust, smoke, soot, organic aerosols, and other combustion by-products is regulated on particles 
with aerodynamic diameters 10 micrometers or less (PM10) and 2.5 micrometers or less (PM2.5). The PM2.5 has been 
found to be associated with increases in mortality, asthma, and visibility degradation. · 

Many cities face problems with air pollution due to the high concentration of population and their activities that 
generate the pollutants. Fine particles are expected to originate mainly from anthropogenic activities in contrast to 
lai;ge particles, where natural sources and resuspended material can contribute a significant amount (Chow et al., 
1992). The purpose of this paper is to present the overall characterization of PM10 and PM2.5 in the Houston 
Metropolitan area. In addition, this paper investigates the potential emission sources and the dominating emission 

L-
locatiOnS of these PM2.5 and PM10 aerosol mass. 

PMDATA 

· The PM 10 and PM2.s data_ were obtained from TNRCC for five PM 10 sites and seven PM2.5 sites in the Houston 
Metropolitan area measureq during the period from March 1997 to February 1998. In the measurements, particulate 
matter was collected by using high volume samplers with size selective inlet and glass fiber filters, and with flow 
rates of pump ranging from 0.8-1.7 m3/min. Twenty-four-hour PM10 and PM2.5 samples were collected and 
measured every sixth day for all the locations. These TNRCC monitoring locations are shown in Figure 1 . 

• HT 

N 

t 
H7 

To Gah·eston 

Figure 1. The seven moni1f 6~g sites in the Houston Metropolitan Area. 
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CHEMICAL ANALYSES 

The collected PM samples were analyzed for mass by gravimetric analysis; for trace elements (such as Na, Mg, Al, 
etc.) by x-ray fluorescence (XRF) analysis (Watson et al., 1998); for er, NO3- and so4= by ion chromatography 
(Chow and Watson,_ 1998a); for NH/ by automated colorimtery; for K+ and Na+ by atomic absorption 
spectrophotometry; and for organic carbon and soot by thermal/optical reflectance carbon analysis. 

RESULTS AND DISCUSSION 
General Results 

Statistical summaries of PM10 and PM 2,5 samples collected by TNRCC during 311997-211998 are tabulated in T able 
1, where the arithmetic average, range and standard deviation for different sites are shown. As indicated, the highest 
average PM10 and PM2.5 concentrations are at the Clinton monitoring site (HC), which is located in a heavily 
industrialized area. The range of average PM10 concentration in Houston is from 19.06 to 44.57 µglm3

, which are all 
below the PM10 National Ambient Air Quality Standard (NAAQS) of 50 µglm3

• However, the range of average 
PM2.5 is from 16.44 to 21.00 µglm3, which are all exceeding the PM2_5 NAAQS standard of 15 µglm3. Figures 2 and 
3 show time-series plots of PM10 and PM2.s concentration, respectively, at two different sites representing the 
highest (HC) and the lowest (HW) concentration. These plots indicate that the up-and-down patterns for both PM10 
and PM2.s at the two sites are very similar, with the PM2_5 pattern appearing to be much closer than that of PM10. The 
observation implies that PM2.s particles are better dispersed in the region. In addition to mass concentrations, typical 
PM2.s chemical compositions from the two sites are displayed in Figures 4a and 4b. The two compositions indicated 
that they are similar and mainly composed of sulfate (SO4 =), organic carbon (OC), soot and geological. For 
comparison purpose, a typical PM2.5 chemical composition taken from El Paso is shown in Figure 4c, which 
indicates that the major components are organic carbon (OC), soot and geological. 

a e tatlstlca T bl 1 S . . 1 S ummary o fPM 10 an dPM C 2,5 oncentrat10n m H ouston A rea 
Site PM10 (uglm3) PM2.5 (µglm3) 

Name Range Average SD Range Average SD 
HT 5-57 19.07 -10.25 5-33 17.12 8.34 
HB 10-74 23.66 11.96 5-36 20.69 9.56 
HW 7-62 19.06 10.59 5-33 16.44 8.21 
HC 10-137 44.57 26.26 6-37 21.00 8.97 
HM 10-84 25.86 14.31 6-32 16.91 8.39 
H3 NIA NIA NIA 8-39 19.12 7.85 
H7 NIA NIA NIA 7-36 19.75 8.67 

0 +--~--~---.---,---r----r---r-----r---r---r----,-------r 
Mar-97 Apr-97 May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 

Date 

Figure 2. PM10 concentration from the highest monitoring site (HC) and the lowest site (HW) in the 
Houston Metropolitan Area during 3197 - 2198. 
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Figure 3. PM2.s concentration from the highest monitoring site (HC) and the lowest monitoring site (HW) 
in the Houston Metropolitan Area during 3/97 - 2/98. 
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Figure 4. Chemical composition of PM2_5· at HC (a), HW (b) and El Paso (c) monitoring sites. 

Unidentified 

(c) 

Data Analysis 

Source of PM2.s 

To identify the potential sources of PM2.5, the observed PM2.5 chemical compositions shown in Figures 4a, 4b, and 
4c are compared with standard PM2.5 profiles developed by US.EPA.- SPECIA TE for various sources, i.e., motor 
vehicle (Figure 5a), petroleum industry (Figure 5b), and soil (Figure 5c). Based on the observed high sot, soot and 
OC, it is apparent that the·PM2.s in the Houston Metropolitan Area are mainly from industry and motor vehicles 
while the PM2.5 in El Paso are mainly from soil and· combustion sources. · 
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Figure 5. Standard Profiles of Chemical Compositions for Motor Vehicle (a), Petroleum Industry (b), and Soil (c). 

Pearson Correlation 

The observed time-series of mass concentration of PM10 and PM2.5 from different sites were analyzed through 
Pearson Correlation to determine the degree of correlation among the sites. The results are tabulated in Tables 2 and 
3. As indicated in Table 2, the values of Pearson Correlation for PM10 range from 0.52 to 0.92 indicating high 
correlation among the five sites. In general, the site-to-site correlation decreases as the separation distance increases, 
which is in agreement with that reported by Brook et al. (1997). The results shown in Tabl~ 3 for PM2_5 correlation 
among the seven sites indicate that most of the correlation values are higher than 0.85, which strongly suggest that 
the site-to-site correlation for PM2_5 are much stronger than that for PM10• The observation confirms that PM2.5 

particles are more uniformly dispersed in the area than that of PM10 as reported by Lundgren and Burton (1995). 
Although not shown, the results of Pearson Correlation for SO/, soot, OC and nitrate on PM2_5 have also indicated 
that they are highly correlated among different sites in the Houston Metropolitan Area. 

Table 2. Inter-site Pearson-Correlation of PM10 Concentration among Different Sites in Houston. 

Site Name/Type HT HB HW HC HM 
HT -Background/Transport 1 
HB - Population/Transport 0.89 1 
HW - Population/Transport 0.90 0.92 1 
H C - Industrial/Transport 0.52 0.64 0.61 1 
HM - Population /Transport 0.83 0.92 . 0.90 0.63 1 

Table 3. Inter-site Pearson-Correlation of PM2_5 Concentration among Different Sites in Houston. 

Site Name/Type HT HB -HW HC HM H3 H7 
HT - Background/Transport 1 
HB - Population/Transport 0.92 1 
HW - Population/Transport 0.90 0.94 1 
HC - IndustriaVTransport 0.72 0.88 0.87 1 
HM - Population /Transport 0.85 0.97 0.93 0.93 1 
H3 - Industrial/Transport 0.85 0.92 0.87 0.88 0.85 1 
H7 - IndustriaVTransport 0.81 179,89 0.95 0.87 0.88 0.90 1 
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Cluster Analysis 

The time-series data of PM2_5 mass concentration and those of PM25 constituents including SO/, soot and OC were 
also analyzed through cluster analysis to determine the dominating emission locations for each species. The resultant 
cluster analyses are shown in Figures 6 through 9 for PM2.5 mass, organic carbon, soot and sulfate, respectively. The 
results shown in Figure 6 appear to suggest that the dominating PM2.5 emission locations are near HB, HC and H7; 
for organic carbon, they are near HT, HB and HC (Figure 7); for soot, they are near H3, HB and HC (Figure 8); and 
the dominating emission locations for sulfate are near H3, H7 and HC (Figure 9). Since the sites ofHB and HC 
appear on the list of dominating emission locations for all the pollutap.ts, the two sites apparently are located near the 
most polluted areas in Houston. 

Cluster Tree 
Average Site 
(ug/m3) 

21 .00 HC 
16:91 HM 
20.69 HB 
17.97 HT 

16.50 HW 

19.75 H7 
14.93 H3 

0.0 0.05 0.10 0.15 
Distances 

Figure 6. The cluster analysis and average 
· concentration of PM2_5• 

Average · Site 
(ug/m3) 

1.62 H3 
1.23 H7 
1.10 HW 

1.12 HT 

2.07 HB 
1.58 HM 
2.06 HC 

0.0 

Cluster Tree 

0.1 0.2 0.3 
Distances 

Figure 8. The cluster analysis and average 
concentration of soot. 
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4.52 . HC 

3.83 HM 

3.49 HVV 

0.0 0.05 0.10 0.15 0.20 
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\Figure 7. The cluster analysis and average 
concentration of organic carbon (OC). 
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Figure 9. The cluster analysis and average 
concentration of sulfate (SO4 =). 
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CONCLUSIONS 

The PM 10 and PM2.s data collected by TNRCC (Texas Natural Resource Conservation Commission) from all 
monitoring sites in ~he Houston Metropolitan Area during the period from 3/97 to 2/98 have been statistically 
analyzed in terms of Pearson Correlation and Cluster Analysis. The pollutants analyzed have included PM mass 
concentration and the chemical constituents associated with the PM 2_5 particles including SO4=, NO3-, OC, soot and 
other species. The results from Pearson Correlation have concluded that both PM 10 and PM2_5 are highly correlated 
among different sites and PM2.s particles are more uniformly dispersed than those of PM 10 in the area. The 
observed chemical compositions of the PM2_5 particles in the area hav~ strongly indicated that these particles are 
mainly from industries and motor vehicles. The results from cluster analysis have identified several dominating 
emission locations for different pollutants. Two locations, namely HB and HC, have been identified to be near the 
worst polluted areas for all the pollutants examined, i.e., PM 2.s, SO4=, OC and soot. 
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Introduction 

SJSU Hiring Practices Reveal Pattern of Discrimination 

Roger L. Salstrom 
San Jose State University 

Department of Organization and Management 
One Washington Square 

San Jose, CA 95192-0070 
Phone: (408)924-1343 Email:salstrom_r@cob.sjsu.edu 

As a member of the San Jose State University (SJSU) Affirmative Action Committee, I am concerned 
about discrimination. One personal goal is to investigate any area were there appears to be discrimination 
and to analyze the data statistically to determine if there is a problem. Once a problem has been identified, 
then solving the problem will be possible. The purpose of this article is to highlight some areas were it 
appears that SJSU has had a pattern of discrimination in the past. First I will cover some of my 
background and beliefs, and what specifically prompted this investigation. Next I will identify the specific 

· analysis that I have performed and the results of that analysis. Finally I will recommend some steps that I 
believe should be taken in the future. 

Normally I would not cover my specific beliefs and some of my background, but since some people will 
say that it biases my analysis, I do not want any secrets. I have been a professor at SJSU for over 10 years 
after working in industry for ov~r 13 years. My race is Caucasian, I am a Christian, and I am against all 
discrimination on the basis of race. I believe that people should be evaluated on the bas.is of their 
qualifications. I have been a member of SJSU's Affirmative Action Committee for over 2 years. The 
reason I have been on this committee is that I wanted to gain more insight into the beliefs of people in 
favor of Affirmative Action and I thought that they might learn from my perspective. 

One of the major drivers for this article was the article that appeared in the February 16th issue of the 
. Spartan Daily, the San Jose State University student daily paP,er. Its title was "University Fails to Mirror 
Students' Ethnic Diversity With Equitable Balance of Minority-Faculty Members." There is a significant 
problem with the article. The article compares the ethnic diversity of SJSU students with the ethnic 
diversi_ty of faculty. This comparison may be interesting, but it does not show anything concerning 
whether there is discrimination or bias in SJSU's hiring practices. Since SJSU does not hire their faculty 
from SJSU undergraduate students there is no reason to expect that the ethnic breakdown would be similar. 
This raises the question of with whom the faculty should be compared in order to determine if there is a 
problem. The ethnic breakdown of the faculty should be compared to the pool of Ph.D. graduates 
nationwide who are interested in teaching at 8: school .comparable to SJSU. Since this data was not readily 
available, I compared the ethnic breakdown of SJSU faculty to the nationwide pool of Ph.D. graduates. 
The recent hires were compared to the recent Ph.D. graduates and the total faculty were compared to the · 
total Ph.D. graduates nationwide. This article makes the following four comparisons: 

1) Sex of new Ph.D.'s nationwide to SJSU new hires 
2) Ethnic breakdown of new Ph.D. 's nationwide to SJSU new hires 
3) Sex of total Ph.D's nationwide to SJSU faculty 
4) Ethnic breakdown of total Ph.D.'s nationwide to SJSU faculty 

Analysis 

The first comparison is ·the breakdown of sex of people receiving Ph.D.'s with the new hires at SJSU. 
Even though men receive about 60% of the Ph.D's nationwide (Nation Center for Education Statistics 
nces.ed.gov/pubs/digest97/ d97t299.html) they comprise less than half of the new hires-at SJSU for the 
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period from 1992 through 1998 (Statistical Abstract: San Jose State University 1992/93 through 1996/1997 
pg. 105). Since any one individual year can have some significant fluctuations, the total new hires from 
1992 through 1998 were used to give a more accurate overall picture of SJSU's hiring practices. The year 
1994-1995 was used for the doctorate degrees since it was the most recent year available on the web site, 
the 1994-1995 doctorates become new hires in 1995-1996, and earlier years would have a higher 
percentage of men compared to women since the trend has been to have increasing numbers of women 
receiving doctorate degrees. 

Men 
Women 

Doctor Degrees Nationwide 
60.7% 
39.3% 

Actual Hires at SJSU 
49.6% 67 people 
50.4% 68 people 

A chi square test of statistical significance determines that the probability of this breakdown of actual hires 
at SJSU is .008. The conclusion at most levels of significance is that the sex breakdown of new hires at 
SJSU do not follow the distribution of Ph.D. 's nationwide, and it appears that SJSU discriminates in favor 
of women and against men. Informally talking to some department chairs this is well known, but I have no 
statistical data on people's opinions. 

The second test is comparing the ethnic breakdown of the new hires at SJSU with the ethnic breakdown of 
people receiving Ph.D.' s. As before, a comparison was made of the actual hires during 1992-1998 
(StatisticalAbstract: San Jose State University 1992/93 through 1996/1997) with the people receiving 
Ph.D.'s during 1994-1995 (National Center for Education Statistics nces.ed.gov/pubs/digest97/ 
d97t299.html). 

American Indian 
Asian 
Black 
Hispanic 
White 
Other 

Doctor Degrees Nationwide 
.5% 
13.6% 
4.6% 
3.3% 
78.0% 

Actual Hires at SJSU 
.7% 1 person 
13.3% 18 people 
4.4% 6 people 
8.1 % 11 people 
71.1 % 96 people 
2.2% 3 people 

A test of statistical significance determines that the probability of the actual ethnic distribution at SJSU 
having occurred randomly is .029. The conclusion is that the ethnic breakdown of new hires at SJSU does 
not follow the ethnic breakdown of people receiving doctorate degrees nationwide. Looking at the detail, 
the main· difference is that more Hispanics and fewer Whites were hired than one would have expected. 
This discrimination may be due to a bias in favor of Hispanics, or it may be driven by the type of degrees 
offered at SJSU. In any case, further investigation may be needed. This study did not look into the detail 
by individual colleges at San Jose State which would need to be the next step . 

. The 3rd comparison compares the sex of all the faculty at SJSU (not just the recent hires) to the sex of 
Ph.D's nationwide. In this test, the total number of doctorate degrees nationwide 
(http://www.census.gov/population/socdemo/ education/table0l.txt) was used to compare to the population 
at SJSU (Statistical Abstract: San Jose State University 1992/93 through 1996/1997 pg. 119). The most 
recent year on the web site, 1993, was used for the census data. 

Men 
Women 

Total Doctor Degrees Nationwide 
76.9% 
23.1% 

Total Faculty at SJSU 
66.0% 516 people 
34.0% 266 people 

A test of statistical significance determined the probability of the actual distribution of the sex of faculty at 
SJSU. The probability was so low that it was approximately zero. The conclusion is that the sex 
breakdown of faculty at SJSU do not follow the distribution of Ph.D.'s nationwide, and it appears that 
SJSU has discriminated in favor of women and against men for a long period of time. 
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The 4th analysis compares the ethnic breakdown of the total nmµber of faculty at SJSU. In this case, the 
ethnic breakdown of total number of doctorate degrees nationwide 
(http://www.census.gov/population/socdemo/ education/table0l.txt) was used to compare to the population 
at SJSU (Statistical Abstract: San Jose State University 1992/93 through 1996/1997 pg. 119) . . Again the 
year 1993 was used for the census data (the latest year available). This census data did not have complete 
detail for all the ethnic groups; therefore, Asian, American Indian and other were combined into one 
category. 

Black 
Hispanic 
White 
Asian, American 
Indian, & other 

Total Doctor Degrees Nationwide 
3.7% 
1.9% 
85.3% 
9.1% 

Total Faculty at SJSU 
~--3.5% 27 people 

6.1 % 48 people 
77 .1 % 603 people 
13.3% 104 people 

A test of statistical significance determined that the probability of the actual ethnic distribution at SJSU is 
approximately zero. The conclusion is that the ethnic breakdown of faculty at SJSU does not follow the 

. ethnic breakdown of people having doctorate degrees nationwide. Looking at the detail, the main 
difference is that more Hispanics, Aisans, American lndians,.and other and fewer White's are on the 
faculty than one would have expected. As before, this discrimination may be due to a bias in favor of . 
Hispanics, Asians, American Indians and other or it may be driven by the type of degrees offered at SJSU. 
In any case, further investigation may be needed. 

A factor that may have an influence on all these comparisons is that San Jose State is an extremely 
expensive place to live and the salaries for faculty are typically on the low side. It has been proposed that 
this may have influenced the sex of the faculty that would be willing to work at San Jose State. Currently 
no investigation has been done to determine if this might be the case. It is also possible that the location 
may have influence on the ethnicity of people who would be willing to work at San Jose State. Currently 
no investigation has been done to determine if this might be a factor. 

· Action Taken by San Jose State \ __ 

This study was given to the Affirmative Action committee at San Jose State University during the fall 
semester 1999. This committee has complained about the lack of information to do an statistical analysis, 
so I did this analysis on the available statistical information. At the next committee meeting after 
distributing the paper, this analysis was only briefly discussed. The brief discussion was just that this was 
my perspective, and there was little or no interest in doing anything with this analysis: It would appear that 
since the results were different that what the committee desired then no action would be taken. 

Conclusions 

This study is very preliminary, but it indicates that there are discrimination problems at SJSU. It appears 
that SJSU has bias in favor of hiring women. Also there may be a recent bias in favor of hiring Hispanics 
over Whites, and a long term bias in favor of all ethnic groups except for Whites. Some recommendations 
are that 1) the administration review this analysis and issue a policy statement that discrimination will not 
be tolerated in the future and 2) further studies at individual colleges be done to determine ifthere are 
problems at individual colleges within SJSU. This study also shows that there is no reason to expect that 
the sex and ethnic breakdown of faculty should follow the sex and ethnic breakdown of students. 

The other main conclusion is that since this study did not find the re~ults that the committee wanted there is 
little or no interest in doing anything with the information. Thus what to do with this analysis becomes an 
interesting question and the one can wonder what is the real agenda of the committee. 
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ABSTRACT 
We present a study of the response surface of an emergency room system. Response Surface Methodology (RSM) 
and simulation were used to observe the behavior of the response variable. The findings of this research revealed 
that one factor (nurses) was very significant to the performance measures (time in the system). However, the 
interaction between the other factors also played an important role. Knowledge gained from this effort has led to 
the derivation of a series of production rules, which may be used in a variety of situations where a decision on how 
to modify model inputs needs to be made. 

INTRODUCTION 
Simulation is a tool that represents a real-world system, generates data, but it does not optimize. Currently, 
simulation results are optimized either by using various mathematical techniques after the simulation model has 
been executed or by iterating through a finite set of inputs, observing the system's response to these inputs, and then 
selecting the "optimum". Of these two approaches, the former actually gives the true optimum, whereas the latter 
merely gives an answer that is satisfactory to the user. However, it has been difficult to integrate simulation 
modeling and mathematical optimization (Fu and Healy (1997), Hsu and Nelson (1988)). One main reason for the 
difficulty is that the surfaces vary from domain to domain. We have focused our research effort on emergency 
room systems. By gaining an understanding of the input and output relationships in ER systems, it was expected 
that heuristics could be developed to optimize the decision variables. 

A generic m~del was established by ways of surveys and interviews. This generic model was developed using 
ARENA. Our experimentation shows that NURSES and DOCTORS are the more significant factors. Additionally, 
from the results, several production rules were derived. 

OPTIMIZATION METHODS 
Several methods and techniques have been explored that would enable simulation modeling to optimize. However, 
the majority of these methods find "near" optimal solutions. Some of these techniques include finite difference, 
perturbation analysis, Frequency Domain experimentation (FDE), Likelihood Ratio (LR), and Response Surface 
Method (RSM) (Fu (1994b), Fu and Healy (1997); Kleijnen (1995)). 

Response Surface Method (RSM) is a heuristic that guarantees no success (Kleijnen, 1995). If the number of 
control variables grows, the effort to find an accurate estimate for the coefficients also increases, hence, the 
efficiency and the cost would be ill favored. According to Safizadeh (1990), RSM assumes that the user.is able to 
identify, at least approximately, the region of interest as 'is characterized by the constraints that were defined for the 
problem. These techniques (FDE, LR, PA, FD, and RSM) are robust techniques that work well if and only if the 
underlying assumptions are strictly met. However, satisfying these assumptions is not always an easy task. For 
instance, FDE and PA require that the modeler have complete knowledge of the simulation model itself to add 
tracking capabilities For example, when performing sensitivity analysis using PA, the system can change or be 
perturbed by in infinitesimal amount. Therefore, the modeler will need to know where to add the tracking sequence 
within the model. Hence, the success of these techniques varies. 

1 Funded under NASA Grant NAGI0-0212 
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The relatively recent interest by the health care community in simulation modeling has prompted many efforts to 
better understand these systems as well as motivated vendors to provide optimization tools for simulation (Pegden, 
Shannon, and Sadowski (1995), Lowery (1996), Lowder (1997), McGuire (1994), Garcia et al. (1995), and Kirtland 
et al. (1995) ). ProModel Corporation added SimRunner Optimization to their MedModel software. SimRunner 
gives psuedo optimal answers in the sense that it merely provides satisfactory responses for the user. · In this sense, 
SimRunner still uses an iterative approach within its genetic algorithm scheme. Despite SimRunner's limited 
success, there still is significant room for improvement. . 

THE EXPERIMENT 
Our research experiment included establishing a generic ER simulation model, building the model, determining 
relevant interactions among the inputs with respect to the outputs, using Design of Experiments (DOE), and 
graphical analysis and RSM analysis of the response surface. 

3.1 Establish a Generic ER System 
The main goal of this effort was to understand the behavior of the measures of performance as the inputs change. 
Hence, it was necessary to decide: which ER system should be used for the model? A survey was devised and. 
distributed to hospitals around the United States for the purpose of finding similarities among ER systems and to get 
familiar with the physical configuration, number of resources, and the processes within ER system. The 
development of the survey was based on work done by Alvarez (1999). In addition to Alvarez's work, the web was 
used to gather more information, such as the size of the hospital and some of their resources for the construction of 
the survey. The survey questions were divided into three sections: physical configuration, resources, and processes. 
Once the answers began to arrive, some ER administrators were contacted via email and by telephone because some 
of the answers were illegible. During these sessions of clarification, additional information was gathered. From the 
follow up interviews, it was noted that it is possible that a smaller size facility never see what is considered here a 
"critical" patient. 

With the surveys that returned, boundaries for the various factors were set. The factors to study were number of fast 
track beds, number of regular beds, number of nurses, and number of doctors. Since it would be impossible to 
cover 100% of the population, and given the existence of outliers in the data, it was decided that the boundaries 
should cover at least 75% of the population. This value (75%) was chosen arbitrarily, but keeping in mind that the 
conclusions drawn from this research were to.be applicable to a majority of the ERs. Seventy-five percent is an 
acceptable value to be a "majority". 

\ __ 
Flow charts were assembled to describe the processes of the BR's and to observe the similarities and differences 
from one ER to another. The process flows were consolidated as in Figure 1. It was clear that there were differences 
iri the processes followed by each ER. Some of the differences were when the registration was performed or where 
a critical patient goes first when arriving to the ER. Registration may be performed after the patient is triaged, or it 
may be performed along bedside. However, many of the processes were relatively the same. Based on the density 
at each step in the ER processes, they were classified into three different classes of generic ER systems. 
Approximately, 25%, 12.5%, and 62.5% of the ERs surveyed follow the processes of Class 1, Class 3, and Class 2 
respectively. In the figures, the dashed lines represent the non-critical patients, whereas the solid line represents the 
critical patients. Of these categories, Class 2 represented the majority of the ER; hence, Class 2 (Figure 2) was 
selected for the experimentation. 

In this, there are critical and non-critical patients. A Meeter Greeter at the front door first sees 25% non-critical 
patients before they see the triage nurse. Duties of the Meeter Greeter are to write down the name, the time the 
patient walked in the ER, and a chief complaint. Once this is complete, these patients join the other 75% of non
critical patients that see a triage nurse directly upon entering the ER. After triage, patients go see if there is a 
registration clerk available and sit in the waiting room if not. Once they have completed registering, a charge nurse 
is responsible for making sure a bed is available for the ER patients. The charge nurse will indicate to both the 
patient and doctor when the· patient will be entering the treatment room. However, only some of the non-critical · , 
patients will see the charge nurse. Depending on the ER, some ERs do not have a charge nurse and consequently 
the patient will go directly to the treatment area. In the treatment area, the processes are the same for all types of 
patients. Critical patients bypass the waiting room and registration, and they go directly to the treatment area or the 

· resuscitation room (for 33.3% of critical patients) and receive bedside (parallel) registration. In the resuscitation 
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room, patients that are about to expire within five to fifteen minutes are stabilized and then sent over to the . 
treatment area. After the doctor has treated ·the patient, the patient is transferred to the diagnostic and therapeutics 
area for further observation. As in the other classes, the same procedure is followed in this area. Then depending if 
the patient needs to be admitted into the hospital or sent home, the patient will be discharged from the ER. 

The traditional simul~tion modeling methodology was used to build, verify, and validate the simulation model 
before the model could be used for experimentation. The simulation model was constructed using the ARENA 
software. 

Patients enter by ambulance or private vehicle. 

Resuscitation 
Room 

HI 
H2 
HJ 
H4 
HS 
116 

! ~ :~ 
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Figure 1: Combined ER Patient Flows 

3.2 Determine Relevant Interactions 
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Resuscitation 
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I 25% 
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Figure 2: Patient Flow - ER Class 2 

In an ER system, many factors may be evaluated under many different levels. These factors include nurses, doctors, 
beds, configuration, demand rate, service rate, and so forth. For an experiment with six factors, with the possibility 
of each having fifty levels, it would be necessary to do approximately fifteen billion experiments. Hence, a question 
arises: are all the factors significant? Are all the interactions significant? Not every factor may be as significant; 
not every level of a factor may be relevant. Design of Experiments (DOE) was used to identify which factors were 
significant. In the case of simulation, the factors are the input variables such as the number of nurses, doctors, fast 
track beds, regular beds, and so on. The levels associated with each of these. factors would be the domain of these 
variables, e.g. 1, 2, 5, etc. In simulation terms, the response is the output given for a measure of performance. Each 
run is considered an experiment. 

The factors and levels chosen for the experimentation were registration clerk, triage nurse, registered nurses (3,13), 
doctors (1,4), regular beds (10,28), and fast track beds (1,4). These factors and levels yield 3,344 experiments. 
However, only 25 treatments were explored considering the length of each replication, and the time it would take to 
generate output from each experiment and analyze them. The experiments generated were according to the random 
balance DOE technique. Figure 3 shows the plots for Tsys for patient type 3 (a) and Tsys for patients type 5 (b) vs. 
the number of fast track beds. Both slopes are relatively the same .80 and .85, respectively. Thus, one may 
conclude that Fast Track has the same level of influence on Tsys for both type of patients. However, a closer look 
at the regression analysis reveals that the equation in (a) has a better fit than the equation in (b) (R<2a> = 0.16 > · 

R<~> = 0.0 ); in fact, R<~> = 0.0 indicates that the equation in (b) is not a good fit whatsoever. Finding the more 
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influential factor must be based on the combination of the fit of the line on the data according to the larger R2 and 
on the magnitude of the slope. After all the data set was analyzed with respect to the independent factors, it was 
noted that nurses have an influence on 60% of the different p~tient types. Consequently~ nurses is the most 
significant factor when all four factors interact. Doctors was the next most influential factor. 

Table 1 shows a summary of the various significance values for the individual factors and interactions for all types. 
Nurses shows that it is most significant when dealing with patients type 4 and 5. For patients type 2, technically 
speaking it shows that it is not significant; however, it did not meet the requirement by a very small margin. When 
checking the significance of doctors, the table shows that it is not significant for type 5. Regardless of these 
individual assessments, the interaction of both factors is statistically significant. --

l 

~ 
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"> .:; 

,.,..,-111.M•l.ll"tl .......... , 
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Figure 3: Regression Line to Identify Influential Factor 
In summary, the DOE analysis shows that the interaction of nurses and doctors are statistically significant to all 
three types of patients. Regarding the other two factors (regular beds and fast track beds), the DOE analysis found 
them not to be ·an influence on the performance measure. This may be caused by the fact that patients type 1 never 
wait; hence, their time in the system is determined by their own illness and not by the resources available. The fact 
that patients type 2 were affected remains a subject of further investigation. Similarly, the fact that patients type 3 
are not affected also remains a subject of future studies. Maybe observing waiting time instead of flow time may 

shed some light on this issue . .--------

Nurses .067 .002 .028 
Doctors .023 .o~o .316 
Interactio '----

.009 .000 .036 
n 

Table 1: Significance Levels 

3.3 Graphical analysis and RSM analysis 
Figure 4 describes the behavior ofTsys2. The time in the system for patients type 2 (Tsys2) seems to show an 
erratic behavior at first glance, as it was during the fractional balanced factorial experimentation. However, a 
careful observation of this surface reveals that there are some·sections of the surface that have patterns that could be 
modeled through an equation. If the variables were expressed in form of an equation, it would be possible to find, 
analytically, the "best" set of values for the inputs of a simulation model. A regression analysis and ANOV A 
revealed that a first-degree polynomial would not explain the relationship between the variables. Hence, the surface 
in Figure 4 may not be modeled by a single polynomial model. Perhaps if the surface is segmented, each segment 
could fit a polynomial of its own. In addition, nonlinear models are being investigated for the entire surface or for 
segments of it. Nevertheless, several things can be_ derived from it. For example, if one were interested in deciding 
how to change the resource n~rses, so that the time in the system for patients type 2 is reduced, the decision rules in 
Table 2 could be formulated. On the other hand, if one were interested in how to change the resources doctors, so 
that Tsys2 is reduced, the decision rules in Table 3 could be formulated. Typically, however, one is more interested 
in changing resources simultaneously. Hence, if the only patients of interest are patients type 2, the rules in Table 2 
and Table 3 may be combined as in Table 4. In these tables NN = number of nurses in the ER and ND = number of· 
doctors in the ER. These rules ·could be used in several ways in the context of simulation studies. An example is to 
use these rules to guide an expert system that changes parameter in the context of goal driven simulation. A more 

. extensive experimentation is underway to improve these rules, so that the utilization of the resources is also taken 
into account. 
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Understanding the behavior of the three surfaces simultaneously was a new challenge altogether. The first .thing 
that was observed was that the range for Tsys was very different for each type of patient. Thus, Tsys4 and Tsys5 
had to be scaled, so that the three surfaces could be graphed simultaneously. The factors were combined into one 
graph as in Figure 5. This graph shows the behavior of the system from the doctor's axis. 

It seems that when the system has less than two doctors, the behavior is quite similar for all three types. When there 
is only 1 doctor, all the times in the systems are at their highest. As soon as there are two doctors, however, the time 
drastically reduces. Moreover, the graph demonstrates that as 3 doctors or more are present patients type 4 and 5 
maintain a low level of time in the system, leading to the conclusion that the patients that benefit the most of 
increasing doctors are those less critical. Once again, the behavior of Type 2 patients is awkward since they tend to 
spend more time in the system. It is worth noting that the time in the system for all three patient types levels out 
after Doctors reaches four clearly indicating that the threshold for efficiently adding units of this resource is 
relatively low. From Figure 6 and Figure 7, it is possible to see that the resource Nurses has a minimal impact on 
the time in the system. This may be because the level of this resource began at six, not at one. 

doctors 

(n,d,Tsys2) (n, d, Tsys2) (n, d, Tsys2) 

Figure 4: Three Views of the (n, d, Tsys2) Relationship 

Select case nd: Select case nn if l s; nd $ 4 then 
Case ND= l Case nn ~ 6 increase nd by ( 4 - nd) 

lfNN~ 6THEN Select case nd if 6 s; nn $ 10 then 
Increase NN by 0 Case nd = l increase nn by (6 - nn) 

Else Increase nd by 3 else 
Increase NN by l Case nd = 2 cannot make decision. 

End If Increase nd by 2 end if 
Case ND= 2: Case nd = 3 else 
IF 6 s; NN s; 8 Then Increase nd by l ifnd = 5 then 

Increase NN by 2 Case nd = 4 increase nd by 0 
Else Increase nd by 0 if 6 s; nn s; 10 then 

Increase NN by 0 Case nd ~ 5 then increase nn by ( 6 -
End If Increase nd by - nn) 

End select nd · 1 else ., 

End select nd cannot make decision. 
End select nn end if 

else 
cannot make decision. 

end if 
end if 

Table 2: Rules to change Table 3: Rules to change Doctors Table 4: Combined Rules 

Nurses 

382 Proceedings of the IEMS 2000 Conference 



CONCLUSIONS AND FUTURE WORK 
By gaining an understanding of the input and output relationships in E~ systems, it has been possible to derive 
decision rules that may help in the development of algorithms and heuristics to optimize simulation output. This 
effort has shed significant light on the behavior of the ER systems. Based on the results, several conclusions have 
been drawn and several lessons learned. Among these are the following: 

• It is possible to have a generic model. Specifically, three different classes were derived, with Class 1 and 
Class 3 having significant overlap with Class 2: . 

• Of the four indep.endent variables that were considered, Nurses and Doctors were found to be the most 
significant for most patient types. 

• Production rules were derived for modifying model inputs. These pi:oduction rules may be useful for the 
purpose of goal driven simulation. Improvements to these production rules would be beneficial if the 
utilization of the resources were taken into account. 

This effort should be further continued to make these conclusions stronger, and to further understand these ER 
systems. Some suggestions for further extension of this work include: 

• Explore more treatments: The purpose for these experiments would be to see if having more data added to 
the information provided in this effort will show any trends in the behavior. 

• Remove outliers: Re-evaluate the data of the original 25 experiments and remove any outlier that there 
might be. This will help understand and explain why the slope of some of these relationships is positive. 

• Explore other measures of performance: The DOE analysis revealed a curious behavior for Tsys for 
patient type 1. Since these are the most ill patients, maybe.what should be studied is the time in the queue 
(Tque) after they have been stabilized. In fact, it may be altogether more revealing to look at the Tque 
rather than Tsys because it offers a natural convergence point: zero. 

TsysS 

Tsys2 

Tsys4 

Tsys2 

TsysS 
docl011 

Tsys4 

(n,d, Tsys4 ),(n,d , Tsys2 ),(n,d, TsysS) (n,d , TsysS ),(n ,d, Tsys2) (n,d , Tsys4 ),(n,d , TsysS) 

Figure 5: Tsys2, Tsys4, and Tsys5 Figure 6: Tsys2 Compared to Tsys5 Figure 7: Tsys4 Compared to Tsys5 
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OPTIMIZING FUZZY RULE BASED SYSTEMS USING NEURAL NETWORK 

Nishant Kaul and Adel Ali. 

Department of Computer Science and Statistics 
University of Southern Mississippi 

Hattiesburg, MS 39406-5106 

This paper describes a method for optimizing fuzzy rule based systems using neural networks .In this paper a neural 
network design/model is proposed so as to facilitate the transition of fuzzy rules and membership functions into the 
network. The performance of the network is then explained through examples The optimization of the rules and 
membership functions is the area for current and continuing work, the idea field of application that was kept in mind 
was the problem of local navigation of a mobile robot. 

AN INTERACTING HYBRID INTELLIGENT SCHEME AND ITS APPLICATION 

Huiqing Yang, Dia L. Ali 
Computer Science Department 

University of Southern Mississippi, Hattiesburg, MS39406 

The hybrid intelligent technique has been accepted as a potential approach to explore adequately the advance of 
various disciplines relevant to intelligent topic. The purpose of this paper is to contribute towards the development 
of a formal technique as well as an interacting scheme that could deal with the outlined challenges. 

In this paper, some of hybrid intelligent strategies widely used in the artificial intelligent field are briefly 
overviewed. A general hybrid intelligent scheme with structure-level and computing-level hybrid intelligence is 
described. Because the structure-level and computing-level hybrid strategies are developed in parallel, and 
cooperate to implement the task of a intelligent system, this hybrid scheme can be considered as a non-interacting 
hybrid scheme. To make a significant advance in the intelligent field, a potential scheme interacting structure-level 
and the computing-level hybrid technique is investigated. 

ENHANCING AVIATION SAFETY THROUGH PC-BASED FLIGHT TRAINING 

Dr. Willem Homan 
College of Aviation 

Western Michigan University 

Contemporary research indicates that the use of interactive multimedia can enhance skill development and increase 
learning efficiencies. In the field of pilot training, one of the most · exciting recent developments is the Personal 
Computer Aviation Training Device. Today, aviation software has reached a level of sophistication that presents the 
aspiring flight manager with a low-cost alternative to the more expensive flight training. This presentation will 
evaluate the use of PC-based tools in the context of Situational Awareness (SA) training. The challenges associated 
with SA training will be identified and possible training solutions to this aviation safety hazard win be presented. 
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NEURAL NETWORK AND STATISTICAL PREDICTION METHODS: 
COMPARISONS USING REAL-WORLD DATA 

Nola McDaniel, McNees.e State University, Lake Charles, LA 
Pamela A. Miller, Southern University, Baton Rouge, LA 

Susan C. White, Northwestern State University, Natchitoches, LA 

Neural networks have received a great deal of attention as potential modeling tools since the mathematical form of 
relationships between variables does not have to be specified a priori. However, satisfaction with the results from 
neural network models varies greatly from application to application. Our paper compares the performance of 
neural network models with traditional statistical models using actual data. The results will have implications for 
prediction and/or classification problems including time series forecasting and bivariate to multivariate classification 
problems (e.g., acceptable/not acceptable and/or class I/class 2/ . .. I class k.) 

ETHICS OF TOMORROW'S BUSINESS MANAGERS: 
A CROSS-CULTURAL STUDY OF AMERICAN AND CHINESE STUDENTS 

Mohammed Y.A. Rawwas 
University of Northern Iowa 

Cheating is a common problem on today's college campuses. This study is designed to examine the determinants 
and differences of American and Chinese college students' attitudes toward various forms of cheating. By studying 
American students, multiple regression analysis reveals that those who are idealists, involyed, older, economics 
majors, or middle children tend to behave more ethically than do other students. Students who are male, tolerant, 
relativistic, or management majors tend to behave less ethically than do other students. By studying Chinese 
students, multiple regression discloses that those who are idealists, or economic majors tend to behave more 
ethically than do other students. Students who are male or negative oriented tend to behave less ethically than do 
other students. The opportunity to cheat, in both groups, is able to explain cheating more than any of the other 
determinants. MANOV A and Multiple Discriminant Analysis reveals eight variables that differentiate between the · 
two groups. These variables are theism, involvement, intolerance~ ositivism, idealism, actively benefiting from 
unethical action, passively benefiting from questionable action, and no harm/no foul. 

THE CASA/SME ENTERPRISE INTEGRATOR CERTIFICATION AND 
SELF-ASSESSMENT PROGRAM 

Dr. Tracy S. Tillman, CMfgE, CEI 
Manufacturing Programs 

118 Sill Hall 
Eastern Michigan University 

Ypsilanti, MI 48197 
it_ tillman@online.emich.edu 

This paper will describe the Computer and Automated Systems Association's (CASA) Certified Enterprise 
Integrator (CEI) examination and certification program, which is administered by the Manufacturing Engineering 
Certification Institute (MECI) of the Society of Manufacturing Engineers (SME). It will also describe the recently 
developed Enterprise Integrator Self-Assessment Program (EISAP). Topics to be addressed include the: 

(a) nature and development of the CEI program and examination, 
(b) application procedure, 
( c) body of knowledge and structure of the examination, 
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( d) examination preparation strategies, 
( e) examination administration, 
( f) CEI designation and certification maintenance, and 
(g) the Enterprise Integrator Self-Assessment Program. 

GOVERNMENT POLICY: 
THE HELPING HAND ON TECHNOLOGY INNOVATIONS IN CHINA 

Jiang Wen, Shinichi Kobayashi 

The Graduate School of Information Systems 

The University of Electro-Communications 

Chofu-ga-oka, 1-5-1, Chofu-shi, 

Tokyo, JAPAN 182-8585 

Tel & Fax: +81-424-80-6215 

· The enormous and constantly growing potential of technology innovations have promoted governments around the 
world to actively explore the best way and means to realize its economic and social benefits. One of the key 
approaches is the establishment and practice of Science and Technology (S&T) policy. Likewise, Chinese 
government has positioned the advances of its high technology as one of the key driving forces to its continued 
economic achievements, and launched high-tech policies, such as "National High Technology Research and 
Development Program" or "863 Program" in March 1986, aiming at enhancing its overall R&D capability and 
international competitiveness. While the policy has been enforced for more than a decade, it is valuable to examine 
and assess its impacts on the nation's innovations. This paper focuses the CAD (Computer-Aided Design) 
technology, one of the key fields under CIMS (Computer-Integrated Manufacturing System) subject topic in 
Automation area, and discloses the policy's critical role in technological innovations. In addition to author's 
long-term business experiences, interview and survey data from an influential group of corporate and academic 
leaders of Chinese CAD researches and productions were collected and synthesized. This paper concludes that the 
CAD technology development in China featured with government policy-intervened, university-industry
collaborated. The study provides some new observations for debates and discussions to high-tech policy-makers in 
China and abroad and can benefit business managers seeking to understand the CAD environment in China. It also 
provides a foundation for further technology policy and innovation management research in China. 

SEVEN PRACTICES OF SUCCESSFUL ORGANIZATIONS: AN EMPIRICAL EXAMINATION 
Sohel Ahmad, St. Cloud State University 

Roger G. Schroeder, University of Minnesota. · 

Seven human resource management practices proposed by Jeffrey Pfeffer have gained considerable attention in 
recent years. These practices include: employment security, selective hiring, .use of teams, compensation contingent 
on performance, training, reduction of status differences, and information sharing. We investigate the impact of 
these practices on organizational performance using an international dataset. 
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