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ujy Journal of International Information Management 

A case study in multiple criteria 
decision support systems 

Madjid Tavana 
LaSalle University 

Snehamay Banerj,ee 
Drexel University 

ABSTRACT 
Evaluation of strategic alternatives is an important task for strategic managers. This is a 

difficult task due to inherent complexities of the evaluation process and lack of structured infor
mation. The evaluation process must consider external opportunities and threats, and internal 
strengths and weaknesses. This paper presents a case study in multiple criteria decision support 
systems. The decision support system presented in this paper utilizes the model presented in the 
appendix along with several computer systems including EXPERT CHOICE and Spreadsheets 
to enhance and aid the decision maker's- intuition in evaluating potential alternatives. 

INTRODUCTION 

Philadelphia City Hospital (PCH) is,one of Pennsylvania's leading service providers in the 
health care industry. PCH has continuously demonstrated that their efforts effectively address 
significant societal needs. 

PCH contributes within their means, to the advancement of research, education and health 
care. This clinical care benefits the people of their neighborhood, city and state. With greater 
demands being placed upon the hospital from all sectors, PCH and their health care profession
als face more restrictions from government and private sectors. Thus, the task of managing the 
hospital has grown more challenging, at the very time when they have greater potential to do 
more good for more people than ever before in history. 

The hospital's fiscal 1994 operating budget preparation must respond to actual and antici
pated nationwide changes in reimbursement for education, research and health care. The pro
posals that are heard about on a daily basis surround the challenge of controlling cost. These 
proposals include an emphasis on managed care competition, shift in research funding from 
hospital to industry, increased support of applied versus basic science research, a global budget 
for health care, the taxing of health care benefits, price controls and reduction in reimbursement 
for graduate medical education. 
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The State legislature has also eliminated all moneys traditionally awarded to private uni
versities resulting in over a $10 million loss in funding for PCH. Furthermore, there is increased 
awareness of health care costs in the business community as corporations are forced to include 
the cost of health care benefits for their retired employees in their annual financial statements. In 
addition, the business community wants to bargain for health care. All of these reductions plus 
threatened ones will have a significant impact on PCH's operating budget. 

Assuming that current government policies remain in force and that medical practice and 
private health insurance trends continue, it is projected that national health spending will reach 
18% of the gross domestic product by the year 2000. Total spending on health is projected to 
reach almost $1.7 trillion in year 2000, compared with about $800 billion in 1992. 

Private health insurance benefits for personal health care will expand from $186 billion in 
1990 to $450 billion in 2000 and administrative and net underwriting costs will remain a con
stant 17% of benefits paid. It is also projected that the total number of individuals covered by 
employer-sponsored insurance will grow slowly in the 1990s. The total employer-sponsored 
coverage is expected to increase from 135 million people in 1980 to about 145 million in 2000. 
The number of people with individual insurance (including all insurance not organized through 
employment) is expected to continue falling in the 1990s from about 17 million in 1990 to 15 
million in 2000. 

Governments will pay a larger fraction of U. S. health spending through the Medicare and 
Medicaid programs. Higher government spending on health care has serious implications for 
the federal budget; the projected increase in health care spending outpaces the growth in any 
other major component of the budget and promises not only to preempt resources from other 
government programs, but also to make deficit reduction more difficult. 

City has expressed that the health care system as currently financed and organized is plagued 
by increasing costs at unsustainable rates. Thus, concerned individuals cannot be sure that they 
will have health care coverage when they need it. 

In summary, everyone has seen the numbers: $750 billion spent annually on health care 
costs; 35 million people uninsured; $20 billion to $150 billion of waste and unnecessary testing 
and procedures. Between 1992 and 2000, it is anticipated that spending on health care will grow 
at an average annual rate of 9.6%, almost 4 percentage points faster than the projected GDP 
growth of 5.8%. 

Therefore, the health care system is under reform so that all families have access to afford
able high-quality health care. Thus, President Clinton's Health Care Reform Plan is in progress. 

To date. President Clinton's Health Care Plan is vague. However, an overview of his ex
pected plan indicates a tightly contained cost environment which guarantees coverage for ev
eryone, while preserving the private health system's quality of choice. 

Given the current situation, PCH must decrease their operating budget by $20 million. 
Despite this reduction, it is important that the hospital continues to remain a leader in the health 
care industry during this period of change. 
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This crisis has been communicated to managers of all cost centers. Administrators from 
the Fiscal Services Department have been instructed to decrease their budget by 4.5%. Other 
than having to decrease operating expenses, the department's administrators must strategically 
evaluate their planned goals and objectives. In retrospect, they must continue to make necessary 
services available to their customers, as well as preserve or improve the quality of patient care. 

1. Alternative Courses of Actions 
During this period of change PCH must decrease costs, while continuing to ensure that 

necessary services are available and that the quality of patient care is preserved or improved. 

Therefore, it should come as no surprise that the hospital's immediate goal of cost reduc
tion is their first and foremo st goal (60% of operating expenses is wages, salaries and benefits). 
Simultaneously, each department must evaluate their 1994 goals and objectives and consider 
not only cost, but to what degree they will be able to maintain services and preserve or improve 
care. The strategic group has identified the following five mutually exclusive alternatives: 

Alternative A: Implementation of an Electronic Billing System 
Implementation of an electronic billing system for the purpose of automatic claim sub
mission should prove beneficial. For a minimal cost, computer equipment can be in
stalled and employee: training can be conducted by information systems personnel. Once 
the electronic system is operational, manual labor is reduced and the hospital places itself 
in a better position oi'being able to adhere to the legislative and regulatory proposals that 
have emerged in Washington recently. This option of automatic claims submission will 
reduce labor hours and enable the hospital to reduce their days in accounts receivable. 

Alternative B: Centralization of the Decentralized Business Offices 
Currently, there are I'our (4) Decentralized Business Offices on each patient floor. Each 
patient floor functions as a mini hospital. The decentralization concept has both pros and 
cons, but in a period of cost reduction, it appears that the disadvantages of having a 
decentralized concept outweighs the advantages. Centralization will reduce direct cost, 
increase economies of scale and improve employee morale. In addition, the need for 
supervisory support is reduced. Patients can be serviced just as well or better under the 
centralization concept. 

Centralization of services must be considered on a case by case basis, because there are 
instances where havi.ng a decentralized environment is clearly more advantageous than a 
centralized environment. 

Alternative C: Development of an Economically Feasible Observation Unit 
As a result of a revie w during last year's (fiscal year 1993) operating budget process, the 
CEO requested that a study be prepared to determine if an observation unit could be 
operated without incurring a deficit. It is evident that PCH can benefit by implementing a 
careful and aggressive observation status program. 
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There are patients who report for treatment who do not require admission into the hospi
tal nor do they require emergency care. However, their symptoms require that they be 
observed. Physician's can use observation status to give themselves time to examine pa
tients or determine the need for inpatient admission. 

Alternative D: Implementation of Patient Centered Care Programs 

A patient centered care program is a method of redesigning patient care so that hospital 
resources and personnel are organized around patients rather than around various special
ized services. The design of patient care programs if implemented successfully can re
duce staff turnover, employee errors and patient length of stay averages—thereby reduc
ing costs. In addition, waiting times for activities such as outpatient registration and the 
process time for services such as pharmacy and lab can be reduced. Even though this type 
of program reduces costs, management anticipates that it will also improve delivery sys
tems while increasing physician, staff and patient satisfaction. 

Alternative E; Implementation of Managed Care Business 

Managed care refers to the kind of care provided by Health Maintenance Organizations 
(HMOs) of various types and by Prospective Payment Organizations (PPOs), both of 
which limit the patient's choice of physicians in an organized system of care. It also refers 
to the care provided by indemnification insurance plans that offer a free choice of physi
cians, but manage care by monitoring claims and denying or reducing payment for those 
deemed unjustified. 

It is suspected that the cost to treat an HMO patient is less than the cost of treatment for 
patients insured by a more traditional plan. Moving in a direction of managed competi
tion may result in more people becoming insured under managed care contracts. This will 
result in hospitals becoming more competitive with one another. Whereas, hospitals such 
as Philadelphia City could lose business, because their costs are higher than their local 
competitors'. 

2. Environmental Factors 

After careful analysis of the situation, management has identified a list of opportunities 
and threats and categorized them into internal, transactional, and contextual environments. This 
list is presented in Table 1. A detailed description of each factor is given below: 
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Table 1. Environmental Opportunities and Threats 

OPPORTUNITIES 

Internal Environment: 
ROS: Reduction of Staff by 2% 
IIP: A Minimum of 5% Increase in Productivity 
ESL: An Above Average Increase in Employee Skill Level 
COM: Improving Communications 
ICS: Improving Customer Service to Above 90 Points Level 

TVansactional Environment: 
HQC: Ability to Pro\'ide Above Industry Average Quality Patient Care 
PHR: Improving Hospital and Physician Community Relationships 
IMS: Ability to Increase Market Share by 8% 
MCB: A 10% Increase in Managed Care Business 
lOS: An Increase in (Outpatient Services by 6.5% 

Contextual Environment: 
RGC: Ability to Respond Favorably to New Governmental Changes 
GFA: Increase in Government Financial Assistance to Uninsured Persons 
AGL: Availability of Special Government Loans 

THREATS 

Internal Environment: 
RTC: Employee/Physician Resistance to Change 
lEX: An Above Average Increase in Educational Expenses 
RDE: Placement of Displaced Employees Within the Hospital 
LAS: Lack of Available Office Space 

Transactional Environment: 
NPH: Negative Perception of the Hospital 
RIS: Reduction of Inpatient Services by Over 5% 
SAD: Majority of Short-stay Admissions Denied Causing Review Intensification 
CSU: Possibility of (Z!lerical Staff Joining the Union 
ILC: Possibility of an Above Average Increase in Litigation Cases 

Contextual Environment: 
TMC: Threat of Managed Competition 
RIP: Lower Reimbursement Due to Revised Insurance Payment Schedules 
RGR: Lower Reimbursement Due to New Governmental Regulations 
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negotiations. An increase in managed care business would mean an increase in services. It is 
also likely that physician/hospital relationships will improve, because some of the physicians 
will have to join the managed care networks, as a result of the hospital's administration signing 
contracts with various plans and deciding that a good deal was initiated. And of course as speci
fied in the hospital's goal of providing quality care, it is very likely (80%) that PCH will con
tinue the trend of treating their patients with high quality care (HQC). The probability of occur
rence for all the remaining factors is estimated to be possible (40%). 

A summarized listing of initial occurrence probabilities associated with all opportunities 
and threats for all alternatives is given in Table 5. 

Table 5. Initial Probabilities of Occurrence 

OPPORTUNITIES 

A B c D E 

Internal Environment 
ROS 0.90 0.90 0.10 0.60 0.70 
np 0.70 0.80 0.10 0.70 0.40 
ESL 0.60 0.10 0.40 0.90 0.20 
COM 0.40 0.80 0.50 0.80 0.40 
ICS 0.80 0.80 0.30 0.90 0.40 
Transactional Environment 
HQC 0.80 0.90 0.10 0.70 0.80 
PHR 0.40 0.20 0.70 0.80 0.70 
IMS 0.20 0.30 0.60 0.70 0.30 
MCB 0.20 0.10 0.10 0.80 0.50 
IDS 0.20 0.10 0.10 0.60 0.80 
Contextual Environment 
RGC 0.90 0.70 0.90 0.70 0.90 
GFA 0.70 0.70 0.10 0.80 0.70 
AGE 0.20 0.10 0.60 0.80 0.80 

THREATS 
International Environment 
RTC 0.40 0.60 0.40 0.70 0.50 
DEX 0.20 0.10 0.60 0.80 0.90 
RDE 0.80 0.90 0.10 0.30 0.10 
LAS O.IO 0.90 0.80 0.20 0.30 
Transactional Environment 
NPH 0.10 0.30 0.40 0.40 0.10 
RIS 0.20 0.40 0.90 0.20 0.10 
SAD 0.10 0.10 0.10 0.20 0.10 
CSU 0.20 0.30 0.10 0.40 0.10 
ILC 0.10 0.10 0.10 0.30 0.40 
Contextual Environment 
TMC 0.10 0.10 0.30 0.20 0.80 
RIP 0.20 0.10 0.10 0.30 0.40 
RGR 0.10 0.10 0.10 0.40 0.80 
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Once the initial probability sets are determined, we used cross-impact analysis to capture 
the interactions among these factors. The conditional probabilities shown in conditional prob
ability matrices are estimated in response to the question "if one factor occurs, what is the new 
probability of the second factor in the same environment?" 

Therefore, if for example the probability of ROS was originally judged to be 0.90, it might 
be judged that the probability of this factor would be 0.95 if IIP occurs. Or, it might be judged 
that the probability of ROS would be 0.85 if ESL occurs. The entire matrix is completed by 
asking the question for each combination of occurring factors. Then these estimates are checked 
to see whether they fit the limits for consistency. For example, the limits for the probability of 
ROS given the occurrence of IIP are 0.86 and 1.00 Pf'iP' <p (ROS/IIP) < or the 
limits for the probability of ROS given the occurrence of ESL are 0.83 and 1.00. When any of 
these probability estimates did not fit the proposed limits, the decision makers were asked to 
revise their initial estimation. Table 6 shows the occurrence matrix of internal opportunities for 
alternative A. 

Table 6. The Occurrence Matrix of Internal Opportunities for Alternative A 

If This 
Factor 
Occurs 

Initial 
Probability 

The Probability of This Factor Becomes 
If This 
Factor 
Occurs 

Initial 
Probability ROS IIP ESL COM ICS 

ROS 0.90 0.75 0.65 0.35 0.85 

IIP 0.70 0.95 0.75 0.50 0.90 

ESL 0.60 0.85 0.85 0.55 0.80 

COM 0.40 0.80 0.65 0.55 0.75 

ICS 0.80 0.90 0.80 0.70 0.45 

Next the nonoccumence matrix is calculated. For example, the probability of ROS if IIP 
does not occur P(ROS/IIP) = p^pos) - Ffnp)P(Ros/iip) ^ould be 0.78 or the probability of ROS if ESL 
does not occur would be 0,98. The entire matrix is calculated accordingly. Table 7 shows the 
nonoccurrence matrix of internal opportunities for alternative A. 
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Table 7. The Nonoccurrence Matrix of Internal Opportunities for Alternative A 

If This 
Factor 
Does Not 
Occur 

Initial 
Probability 

The Probability of This Factor Becomes If This 
Factor 
Does Not 
Occur 

Initial 
Probability ROS IIP ESL COM ICS 

ROS 0.90 
: 

0.25 0.15 0.85 0.35 

IIP 0.70 0.78 0.25 0.17 0.57 

ESL 0.60 0.98 0.48 0.18 0.80 

COM 0.40 0.97 0.73 0.63 0.83 

ICS 0.80 0.90 0.30 0.20 0.20 

Next in order to perform the calibration run the odds ratios are calculated. Odds ratios are 
calculated by applying the following relationship to the initial and conditional occurrence and 
nonoccurrence probabilities given in Tables 6 and 7; 

probability 
Odds = 1. probability 

The occurrence and nonoccurrence odds ratios of internal opportunities for alternative A 
is presented in Tables 8 and 9. 
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Table 8. The Occurrence Odds Ratios of Internal Opportunities 
for Alternative A 

If This 
Factor 
Occurs 

Initial 
Odds 

The Probability of This Factor Becomes 
If This 
Factor 
Occurs 

Initial 
Odds ROS IIP ESL COM ICS 

ROS 9.00 
• 

3.00 1.86 0.54 5.67 

IIP 2.33 19.0 3.00 1.00 9.00 

ESL 1.50 5.67 5.67 1.22 4.00 

COM 0.67 4.00 1.86 1.22 3.00 

ICS 4.00 9.00 4.00 2.33 0.82 

Table 9. T he Nonoccurrence Odds Ratios of Internal 
Opportunities for Alternative A 

If This 
Factor 
Does Not 
Occur 

Initial 
The Probability of This Factor Becomes If This 

Factor 
Does Not 
Occur 

Odds ROS IIP ESL COM ICS 

ROS 9.00 0.33 0.18 5.67 0.54 

IIP 2.33 3.55 0.33 0.21 1.33 

ESL 1.50 49.0 0.92 0.22 4.00 

COM 0.67 32.3 2.70 1.70 4.88 

ICS 4.00 9.00 0.43 0.25 0.25 

63 

23

Tavana and Banerjee: A case study in multiple criteria decision support systems

Published by CSUSB ScholarWorks, 1994



Journal of International Information Management Volume 3, Special Edition 

Given this information and a computer-based simulation program, the calibration run of 
the matrix was made using the following procedure: 

1. A factor is selected randomly. 

2. A random number between 0.00 and 1.00 is generated. If the generated random number is 
less than the probability of the factor being tested, the factor is said to occur. Otherwise, the 
factor does not occur. 

3. If the factor (factor 1) occurs, the odds of all other factors are adjusted as follows: 

New odds of factor 2 = (Initial odds of factor 2)(0ccurrence odds ratio of factor 1 and 2) 

Given the above relationship new odds of all other factors are adjusted. If factor 1 does not 
occur, the same calculations are made using the nonoccurrence odds ratios. 

4. All factors are tested for occurrence using steps 1 through 3. 

5. Steps 1 through 4 are repeated a large number of times. 

6. The frequency of occurrence of each factor for all runs represents the new calibration prob
ability of that factor. 

The results of this run for the internal opportunities and alternative A (given in Table 10) 
shows changes of no more than 0.04 for any factor. 

Table 10. Calibration Results of Internal Opportunities for Alternative A 

Factor Initial Calibration Change 
Probability Probability 

ROS 090 093 +0.03 
IIP 0.70 0.74 +0.04 

ESL 0.60 0.58 -0.02 
COM 0.40 0.41 +0.01 
ICS 0.80 0.76 -0.04 

This procedure is repeated for all probability sets. Table 11 shows the calibration prob
abilities for all opportunities and threats. 
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Table 11. Calibrated Probabilities of Occurrence 

AL;iliKINAllVti;> 

A B C D E 

Internal Environment 
0.76 ROS 0.93 0.88 0.12 0.57 0.76 

HP 0.74 0.83 0.09 0.74 0.43 
ESL 0.58 0.14 0.43 0.88 0.18 
COM 0.41 0.77 0.56 0.75 0.36 
ICS 0.76 0.84 0.27 0.96 0.41 
Transactional Environment 
HQC 0.84 0.91 0.11 0.75 0.85 
PHR 0.42 0.23 0.72 0.83 0.76 
IMS 0.18 0.29 0.54 0.68 0.28 
MCB 0.23 0.07 0.12 0.78 0.50 
ICS 0.20 0.14 0.07 0.64 0.78 
Contextual Environment 
RGC 0.91 0.76 0.89 0.73 0.89 
GFA 0.72 0.67 0.13 0.78 0.71 
AGL 0.18 0.13 0.57 0.85 0.85 

THREATS 
Internal Environment 
RTC 0.42 0.63 0.43 0.74 0.53 
lEX 0.21 0.12 0.56 0.83 0.86 
RDE 0.84 0.86 0.15 0.32 0.14 
LAS 0.08 0.91 0.77 0.18 0.27 
Transactional Environment 
NPH 0.14 0.33 0.43 0.43 0.06 
RIS 0.21 0.38 0.90 0.17 O.Il 
SAD 0.09 0.13 0.12 0.22 0.14 
CSU 0.16 0.26 0.08 0.38 0.09 
ILC 0.11 0.07 0.11 0.31 0.42 
Contextual Environment 
TMC 0.12 0.13 0.34 0.23 0.85 
RIP 0.21 0.11 0.14 0.28 0.46 
RGR 0.07 0.08 0.06 0.42 0.79 
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Next, we calculate the overall importance weight for opportunities and threats given the 
original subjective weights and the intrinsic information provided by the newly calibrated prob
abilities. Let us use the opportunity factors in the internal environment. Consider m = 1,2,3,4, 
and 5 (alternatives A, B, C, D, and E); J = 1, 2, 3, 4, and 5 (opportunity factors ROS, IIP, ESL, 
COM, and ICS); i = 1 (internal environment): and ̂ 's representing the calibration probability 
of occurrence of five alternatives on five opportunitji factors in the internal environment. First 
we calculate e(p^,), the entropy measure of the j-th opportunity factor. Table 12 contains the 
information necessary to calculate e(^^). 

Table 12. Information Necessary for Calculating e(p ) 
"ij 

^ fP.. 
P Uij ^ "ij « 

Factor A B C D E u A B C D E 

ROS 0.93 0.88 0.12 0.57 0.76 3.26 0.285 0.270 0.037 0.175 0.233 
IIP 0.74 0.83 0.09 0.74 0.43 2.83 0.261 0.293 0.032 0.262 0.152 
ESL 0.58 0.14 0.43 0.88 0.18 2.21 0.263 0.063 0.195 0.398 0.082 
COM 0.41 0.77 0.56 0.75 0.36 2.85 0.144 0.270 0.197 0.263 0.126 
ICS 0.76 0.84 0.27 0.96 0.41 3.24 0.235 0.259 0.083 0.269 0.127 

. We know that = ln5 = 1.6094, and we set K = = 0.6213. For j = 1 we obtain: 

^(Pu,} = - (0.6213)[0.285(ln0.285) + 0.270 (lnO.270) + 0.037 (lnO.037) 

+ 0.175 (lnO.175) + 0.233 (lnO.233)] 

In summary, we calculate: 

^ ( P u =  0 - 9 1 8  =  0 . 9 0 5  e(p^^^) = 0.879 e(p^) = 0.972 e(p^J = 0.944 

and£, the sum of all e(p^ } is 3.328. Substituting in the formula for the intrinsic weight, we 
obtain: " 'j 

F =0.216 F =0.248 F =0.317 F =0.073 F =0.147 
" l l  " 1 2  " 1 3  " 1 4  " l 5  
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The subjective weights had already been estimated by the decision maker as: 

=0.484 =0.262 3 =0.131 =0.077 =0.046 

Comparing 's and , 's, we see that the large will be offset by relatively smallF^^^ and 
the small w "will be dfeet by the large F . Sudkituting them in the formula for F„, the 

"14 . , , . "14 " 
overall importance weight, v/e obtain: 

F =0.455 F =0.284 F =0.181 F =0.030 
"11 «12 "13 "14 

Next we measure the decision maker's risk-aversion constant for opportunities and threats 
using the Gain Equivalence (GE) method. For example, let's assume that the decision maker is 
indifferent between (1) getting $0 for sure and (2) playing a lottery with a 50% probability of 
winning $5000 and 50% probability of losing $2500. The risk aversion constant towards this 
factor would be the reciprocal of the $5000 that gives the indifference (1/5000 = 0.0002). This 
procedure is repeated until the risk aversion constant for all opportunities and threats are deter
mined. These risk-aversion constants along with the overall weights of each factor, calibration 
probabilities, and the risk-adjusted strategic value for each of the five alternatives are listed as a 
part of Table 13. 

As it is shown in Table 13, alternative A has the highest risk-adjusted strategic value 
(0.446) followed by alternative D (0.303). Alternatives B and E yielded risk-adjusted strategic 
values of 0.279 and 0.208 wliile alternative C yielded a negative risk-adjusted strategic value of 
-0.311. Based on these calculations the most attractive alternative is A. 
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Table 13. Summarized Comparison Between Strategic Alternatives 

OPPORTUNITIES 

ALTERNATIVES 

Factor Env. Overall Risk A B C D E Factor 
Weight Weight Aversion 

ROS 0.455 0.8000 0.93 0.88 0.12 0.57 0.76 
IIP 0.284 0.7000 0.74 0.83 0.09 0.74 0.43 
ESL 0.637 0.181 0.0040 0.58 0.14 0.43 0.88 0.18 
COM 0.030 0.0010 0.41 0.77 0.56 0.75 0.36 
ICS 0.030 0.0900 0.76 0.84 0.27 0.96 0.41 

HQC 0.444 0.6000 0.84 0.91 0.11 0.75 0.85 
PHR 0.182 0.0700 0.42 0.23 0.72 0.83 0.76 
IMS 0.258 0.116 0.9000 0.18 0.29 0.54 0.68 0.28 
MCB 0.099 0.8000 0.23 0.07 0.12 0.78 0.50 
ICS 0.099 0.0600 ^ 0.20 0.14 0.07 0.64 0.78 

RGC 0.081 0.0020 0.91 0.76 0.89 0.73 0.89 
GFA 0.105 0.399 0.0500 0.72 0.67 , 0.13 0.78 0.71 
AGL 0.520 0.0080 0.18 0.13 0.57 0.85 0.85 
Risk-adjusted Opportunity Value 0.640 0.591 0.206 0.645 0.542 

THREATS 

RTC 0.121 0.0001 0.42 0.63 0.43 0.74 0.53 
mx 0.079 0.450 0.0030 0.21 0.12 0.56 0.83 0.86 
RDE 0.273 0.0070 0.84 0.86 0.15 0.32 0.14 
LAS 0.156 0.0800 0.08 0.91 0.77 0.18 0.27 

NPH 0.385 0.8000 0.14 0.33 0.43 0.43 0.06 
RIS 0.442 0.0900 0.21 0.38 0.90 0.17 0.11 
SAD 0.659 0.033 0.1000 0.09 0.13 0.12 0.22 0.14 
CSU 0.050 0.7000 0.16 0.26 0.08 0.38 0.09 
ILC 0.050 0.8000 0.11 0.07 0.11 0.31 0.42 

TMC 0.682 0.0400 0.12 0.13 0.34 0.23 0.85 
RIP 0.262 0.126 0.6000 0.21 0.11 0.14 0.28 0.46 
RGR 0.192 0.5000 0.07 0.08 0.06 0.42 0.79 

Risk-adjusted Threat Value 0.194 0.312 0.517 0.342 0.344 

Risk-adjusted Strategic Value 0.446 0.279 -0.311 0.303 0.208 
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APPENDIX 

To formulate an algebraic model used in this case study, let us assume: 

V" = Total Weighteil Risk-Adjusted Strategic Value of the m-th Strategic Alternative; 
( m  =  1 ,  2 , . . q )  

W = Total Weighted Risk-Adjusted Opportunity Value of the m-th Strategic Alterna
tive; (m = 1, 2 q) 

T" = Total Weighted Risk-Adjusted Threat Value of the m-th Strategic Alternative; (m 
= 1,2 q) 

W = The i-th Environment Weight for Opportunities; (i = 1, 2, and 3) 
"/ 

W, = The i-th Environment Weight for Threats; (i = 1, 2, and 3) 

F = The Overall Importance Weight for the j-th Opportunity Factor in the i-th Envi-
'' ronment; (j = 1, 2,. .., AT ; and i = 1, 2, and 3) 

F = The Overall Importance Weight for the j -th Threat Factor in the i-th Environment; 
(i = I, 2,. .., .V ; and i = I, 2, and 3) 

^ = The m-th Calibration Probability of Occurrence of the j-th Opportunity Factor in 
" the i-th Environment; (m = I, 2,..., q; j = 1, 2,..., V^.; and i = I, 2, and 3) 

p"- = The m-th Caliibration Probability of Occurrence of the j-th Threat Factor in the i-
" th Environment; (m = 1, 2,..., q; j = I, 2,..., V^,; and i = I, 2, and 3) 

V = Number of Opportunity Factors in the i-th Environment (i = I, 2, and 3) 

N = Number of Threat Factors in the i-th Environment (i = I, 2, and 3) 

Assuming that i = I through 3 represent the internal, transactional and contextual environ
ments, respectively, we find the most attractive risk-adjusted strategic value for the m-th strate
gic alternative as: 

v" =[/"" + 7^ 

and 

r = The decision maker's risk-aversion constant for the j-th opportunity factor in the i-th 
environment. 

= The decision maker's risk-aversion constant for the j-th threat factor in the i-th 
'j environment. 

(II) 

(12) 
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We assume r, the decision maker's risk-aversion constant to be greater than zero, repre
senting aversion toward risk. We do not consider r = 0, which represents risk neutrality, or r<0, 
which represents preference toward risk, a behavior which is not evident in the world of busi
ness [26]. In addition let us assume: 

E Wu= 1 (13) 
1 = 1 

EW^,= 1 (14) 
/ = i  '  .  

N «.a 
E'^„.= l . (15) 

j = l " v  •  

0 < ^ ^ < 1  •  ( 1 7 )  

0 < ^ < l  ( 1 8 )  
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