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ABSTRACf 

In modem organizations where managers must constantly be dealing with 

an overload of information, it is often observed that participants in group decision 

processes either are not clearly aware of their specific preferences or that they are 

not capable of properly formulating those preferences. When this happens, 

inconsistent or incomplete expression of personal preferences and their use in 

decision making may lead to an unjustifiable outcome for the group. Due to this 

problem, the strengths and effectiveness of GDSS-supported group meetings may, 

in some situations, not be apparent. 

This dissertation develops a new approach to supporting group decision 

making, focusing on preference knowledge of individual participants in a group. 

A system architecture for the design of an MCDM (Multiple Criteria Decision 

Making) GDSS which facilitates the process of eliciting, formulating, utilizing, 

aggregating, and analyzing preferences for individuals within groups is presented. 

The architecture integrates multi-criteria decision making paradigms with a group 

decision support environment. A prototype has been developed in order to 

demonstrate the design feasibility of an architecture that centers around four phases 

of choice making: alternative generation, preference specification, alternative 

--- ------ -----------
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evaluation, and preference aggregation. The prototype is designed to support 

managerial choice and judgment processes in collaborative meetings. The intended 

problem domain of the model is semi-structured managerial decisions for which 

decision variables (attributes) can be represented in quantitative terms to some 

extent, yet for which evaluation of alternatives requires a high degree of intuition 

and personal analysis. 

The process of proto typing the proposed architecture and the results from 

a qualitative study have provided some instructive conclusions relating to MCDM 

GDSS design: (1) support for human choice strategies can be integrated into a 

GDSS, (2) appropriate management of preferences of group participants will 

facilitate collaborative decision processes, (3) hierarchical decomposition of a 

decision problem can provide structure to a problem and thereby reduce problem 

complexity, and (4) managerial decisions are appropriate problems to which the 

current approach can be applied. 

~--~------------ ----~-------------
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CHAPTER 1 

INTRODUCTION 

Recently there has been a growing interest in the applicability of multiple 

criteria decision making (MCDM) methods to group decision making situations 

(Hwang, 1981). Because past research in MCDM has focused only on development 

of quantitative decision methods to assist individuals rather than groups, this line of 

research offers a number of opportunities. Motivation for pursuing such studies lies 

in their potential benefits to both group work support from group decision support 

systems (GDSS) and optimization techniques from quantitatively-oriented decision 

theories. 

Traditional GDSS designed to support group tasks for intellective choice rely 

on subjective elicitation of preferences I from individuals within decision groups. In 

most decision sessions using those GDSS, heuristics that guide the evaluation of the 

ITbe term 'preference,' in the context of group decision making, refers to 
each individual's personal views on competing alternatives. In a broad sense, it 
covers numerous aspects of decision making such as decision objectives, evaluation 
criteria, criteria weightings, thresholds, and rank-order of alternatives. The 
preference is a variable for individuals, meaning that each individual will develop 
his/her own set of preferences for the decision outcome. 
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alternatives are embedded in the situational characteristics of individual sessions. 

Especially when the information most needed from group members is improperly 

or incompletely solicited, the alleged strengths and effectiveness of GDSS-supported 

group meetings may not be well recognized. Thus, the manner in which the GOSS 

guides the process of gathering and structuring the information sought from the 

gwup members may uniquely shape the alternatives evaluation process and possibly 

the resulting choices. We need more practical automated support for the collective 

choice and judgment tasks that are common in today's managerial decision making 

environments. 

1.1 Problem Statement 

The problem focused on in this dissertation is that it is often observed in 

group decision processes that group members are not clearly cognizant of their 

specific preferences or that they are not capable of properly formulating the 

statement of those preferences, in which case inconsistent or incomplete expression 

and use of personal preferences may lead to an unjustifiable decision outcome for 

the group. By far, no GDSS is available that is specifically designed to facilitate the 

formulation and utilization of personal preferences for collective choice and 

judgment tasks. 

Two major assumptions underlie our present problem statement. First, not 
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everyone can articulate all their precise preferences. Sometimes, the decision maker 

may say, "I think we know what we want, but it seems hard to state a list of all 

important considerations, and also we are not sure which factors should receive 

more emphasis than others." 

The second assumption is that priorities for different courses of actions may 

fluctuate, especially when those actions are all attractive to a decision maker. That 

is, an individual's perception of priorities for alternatives may not be constant over 

time, presumably because of environmental uncertainty or incomplete scanning of 

the environment. Interest in these two problems partly motivated initiation of the 

present dissertation research. 

1.2 Research Question 

Based on the above stated research problem, this diss;~rtation aims to address 

the following research question: 

"Can GDSS be developed to effectively support managerial choice 

and judgment tasks in group environments by facilitating formulation 

and utilization of personal preferences for individuals within the 

groups?" 

This question is significant in that it allows us to examine whether we can improve 

the known strengths of GDSS by focusing on the process of specifying, formulating, 

utilizing, and aggregating individuals' preferences in group meetings. In addition, 
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by answering this question, we will be able to gain a perspective on personal 

preferences of individual decision makers as a new research dimension to investigate 

in studying the meeting process. 

In order to answer this research question, five specific research issues will be 

addressed throughout the dissertation: 

1. Can support for human choice strategies be integrated into GDSS? 

2. How should personal preferences be managed in group decision processes? 

3. What knowledge-based techniques can be employed to represent, store, 

and retrieve preferential knowledge of individual decision makers in a group? 

4. How can problem complexity be dealt with using a hierarchical 

decomposition of a decision problem? 

5. How can personal preferences of group participants be aggregated to yield 

a social choice? 

6. Can a cardinal preference order be considered as a more effective 

prioritization method than an ordinal preference order for the aggregation of 

accurate opinions of group members? 

The present dissertation attempts to address these issues, based on the assumption 

that appropriate management of collective preferences for a group is a key to 

successful support for managerial choice and judgment tasks for which a variety of 

viewpoints, perceptions, and opinions need to be synthesized. 
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1.3 Purpose of Research 

The purpose of this dissertation research is threefold. First, it aims to 

develop a framework for collaborative MCOM processes. The framework will 

depict the discrete decision phases which must be involved in describing multiple 

criteria decision processes observed in managerial group choice or judgment 

situations. This framework is intended not only to help develop an approach to 

supporting managerial group processes in this research, but also to provide a 

roadmap for future developments of computerized systems for group choice and 

judgment tasks. 

Second, it will investigate the use of a knowledge-based technique to further 

development of University of Arizona GOSS software. By so doing, this work will 

make it possible to expand the domains of problems that can be supported in the 

present UA GOSS environment by adding a functionality that will assist groups in 

choice/judgment tasks. Our knowledge-based technique will focus on the personal 

knowledge that reflects the opinions of individual decision makers. 

The third purpose of the work involves building and testing a system 

architecture for a multi-criteria GOSS to guide the design of our prototype. The 

prototype will be developed to demonstrate the feasibility of the proposed design 

approach contained in the architecture to be presented. The system will be verified 

using a test case, and system validation will be accomplished using a qualitative 
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validation study that employs interviews and questionnaires. 

1.4 Scope of Research 

Although this research is intended to explore the possible links between 

MCDM and GDSS, and some theories in MCDM will be utilized in developing a 

new GDSS model, the research does not purport to generate quantitative models 

directly related to economics or operations research or to management sciences 

disciplines. It aims to focus chiefly on the behavioral characteristics of the human 

decision making processes. 

Furthermore, the present research particularly addresses issues of managerial 

decision making for which problems are semi-structured, yet intricate enough to put 

a group of decision makers in a situation that is sufficiently vague to require some 

degree of human intuition and personal analysis. Therefore, classes of decision 

problems to which this research is applicable are those for which decision makers 

are capable of hierarchically structuring fuzzy decision attributes into quantifiable 

variables. 

The third aspect restricting the scope of research is that the present research 

does not cover GDSS features other than intellective choice, such as planning or 

idea generation. 

Another scope-related point is that the present research will justify the 

proposed approach only through the development and verification of a prototype 

---- ~---.-~ .. -.~ -----------
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and its validation with a qualitative study using some GDSS sessions; no further 

validation with controlled laboratory experiments or field surveys will be pursued. 

1.S Importance of the Research 

The current dissertation research is important in several ways. First, it 

contributes to the existing body of knowledge by integrating the choice making 

paradigms resulting from both prescriptive and descriptive decision-making research 

in the group decision support environment. 

Second, this research represents one step toward the effort to bring the 

individual-level decision support technology up to the group level, where group 

participants not only can freely exchange and share their ideas through facilitated 

in-group communication but also can exploit the benefits of such state-of-the-art 

technology as knowledge management and data management. 

Finally, this research is important in that it offers new research opportunities 

to researchers who are concerned with utilizing computer technology to assist in 

decision making in organizations. Although traditionally computerized decision 

support mainly focused on quantitatively-oriented problems where the analysis 

involves the use of quantitative data and models (Hong et al., 1989), it will be 

possible to use currently developing concepts (e.g., expert systems, hypertext-based 

information organization, etc.) to advance the capabilities of computerized decision 

aids for managers. This possibility of extending the task domain of decision support 
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to higher-level managerial activities may change the way that managers carry out 

their activities in organizations. 

1.6 Outline of the Dissertation 

This dissertation is organized into six major areas: literature review, 

theoretical framework, system architecture, prototype implementation, prototype 

validation, implications/contribution/limitations, and conclusions and research 

extensions. 

In Chapter 2, we review the selected literature that encompasses two major 

areas involving MCDM (Multiple Criteria Decision Making) and group decision 

making to highlight important results of past research. This chapter presents 

various choice strategies that have been modelled from human prescriptive and 

descriptive choice making processes, task types that can be supported by GDSS in 

managerial decision making environments, the GDSS facility that has been 

developed at the University of Arizona for collaborative group work, and prior 

research that attempted to integrate MCDM with group decision environments. 

In Chapter 3, we will build a conceptual framework of collaborative choice 

making that consists of four discrete decision phases: alternative generation, 

preference specification, aiternative evaluation, and preference aggregation. The 

framework has been adapted from Simon's management decision making model and 

modified to fit into group decision environments. A system architecture to be 
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developed in Chapter 4 will be based upon this four-phase framework. 

Chapter 4 presents a system architecture that shows important components 

to be included in a group decision support system designed to support collective 

choice making. The four components include group domain modules, individual 

domain modules, a knowledge base, and a data base. Each individual component 

will be discussed in terms of its function and contents. 

In Chapter 5, we describe the development of the prototype to show how the 

architecture developed in Chapter 4 might be applied to the design of an MCDM 

GDSS. We discuss design principles, a system overview, functiona]ities of the 

system, developed tools to support group choice making, and a sample session 

scenario. 

Chapter 6 discusses the validation of the prototype system using three testing 

procedures: system verification, a qualitative study, and an empirical study. While 

system verification and the qualitative study have been done within this dissertation 

research, the empirical study will be done in the future and a detailed research 

design for conducting a controlled laboratory experiment is described. 

In Chapter 7, implications are drawn from the present dissertation work in 

order to evaluate potentia] impacts on managerial decision making activities in 

organizations. In addition, contribution and limitations of this research are also 

discussed. 

----- ---------------------
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Finally, Chapter 8 draws conclusions from what have been observed and 

learned in the present dissertation work, and presents summaries of the dissertation. 

This chapter concludes with suggestions for future extensions of the current 

research. 



CHAPTER 2 

LITERATURE REVIEW 

24 

In this chapter, two significant areas of relevant literature, MCDM and 

GDSS, will be reviewed to introduce the findings of past research. Prior research 

attempts to integrate MCDM with group decision making will be presented. This 

chapter will also show how the literature relates to the research problem being 

addressed in this dissertation. 

2.1 MCDM Theories 

Research on MCDM to date has produced a number of theories in two main 

arenas. One arena has approached MCDM within the operations research and 

management sciences disciplines and has resulted in optimization methods for choice 

making. The other arena is concerned with descriptive research regarding human 

choice behavior. Our literature review will focus on the latter, examining the 

knowledge that has been accumulated on the way people make choices from the 

perspectives of a number of choice models for evaluating decision alternatives. 

Solving problems through MCDM involves choice of one or more alternatives 
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by evaluating the alternatives according to established criteria. The MCDM 

literature suggests that several choice strategies, or choice rules, guide multiple 

criteria decisions by the decision maker (DM). These choice strategies are classified 

into two categories depending on the level of cognitive processing demanded of the 

DM: compensatory (high processing) strategies and noncompensatory (reduced 

processing) strategies (Klayman, 1982; Minch and Sanders, 1986). The 

compensatory/noncompensatory distinction is made on the basis of whether 

advantages of one dimension! are balanced or outweighed by disadvantages of 

another dimension. A choice strategy is compensatory if inter-dimensional 

compensation of attributes values can be made (i.e., commensurability exists across 

dimensions); otherwise the choice strategy is noncompensatory. Therefore, 

compensatory strategies are cognitively more demanding but may lead to more 

optimal decision outcomes than noncompensatory strategies. 

Some decision !theorists (Payne, 1976; Klayman, 1982) draw the 

compensatory/noncompensatory distinction on the basis of variability of search. 

IThe term, dimension, is defined as an attribute that is used to partially 
characterizes an alternative course of action. Typically, an alternative is 
characterized by a collective set of dimensions or attributes; for example, automobile 
A may be described using such dimensions as color, price, interior space, gasoline 
economy, etc. Dimension is a term very commonly used in MCDM literature. 
From here, we will use the terms, dimension, attribute, and criterion 
interchangeably, as they all refer to the same concept. 
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Compensatory strategies generally make the OM search the same information for 

each alternative, so the advantages and disadvantages can be weighed comparably 

across alternatives, resulting in very little variability in the number of dimensions 

searched from alternative to alternative. On the other hand, noncompensatory 

strategies allow the OM to eliminate alternatives after incomplete search, varying 

the amounts of search each alternative receives until a satisfying solution can be 

found. Payne (1976) provided empirical evidence that higher task complexity causes 

a shift from compensatory to noncompensatory strategies. If a decision requires too 

complex an analysis, then the OM is likely to rely on simplifying the heuristics of 

noncompensatory decision rules to reduce the cognitive demand. 

Compensatory strategies include normative, linear models, such as the 

additive model and the additive-difference model. Noncompensatory strategies 

include descriptive, non-linear models such as the dominance model, conjunctive 

model, the disjunctive model, the lexicographic ordering model, and the elimination

by-aspects model. We now briefly discuss the algorithm and the general 

characteristics of each choice model. 

2.1.1 Compensatory Choice Strategies 

Often referred to as high processing choice rules, compensatory choice 

strategies demand that the decision maker search available information exhaustively 
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to find a best option. The alternative evaluation process is based on tb~ utility of 

each alternative or on the difference in utilities between a pair of alternatives. The 

additive model and the additive-difference model fall into this category. 

2.1.1.1 Additive Model 

The additive model, together with the additive-difference model, demands a 

high degree of cognitive processing. Search is exhaustive, and the goal is to arrive 

at an optimal solution through normative linear models. In the additive model, 

overall "worth" indices are developed for each alternative, and then a final ordinal 

comparison of these indices is made in order to pick the best (Anderson, 1973; 

Wright and Barbour, 1977). These worth indices represent weights assigned to 

different dimensions in accordance with their relative importance. Then, assuming 

there are m number of alternatives and n number of dimensions, the overall utility 

of an alternative (Ab A2, A3, ... , A",) is computed by summing the products of an 

weight (Wb W2, W3, ... , Wn) associated with the dimension as follows: 

Where Ai: the utility of an ilb alternative, 
Wj: the weight of an jib dimension, 

(2.1) 

aij: the valu('; (or rating) of an ilb alternative on an jib dimension. 
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The value of an alternative on a dimension is multiplied by the corresponding 

weight across all dimensions, and the multiplied values are summed to arrive at an 

overall value for that alternative. This is repeated over all alternatives, and 

alternative-by-alternative comparisons are made to find the alternative with the 

highest total (Klayman, 1982). 

This method is fundamentally identical to one of the MCDM methods, 

MAUT (Multi-Attribute Utility Theory). It is occasionally referred to as the additive 

utility theory (Fishburn, 1970; Fishburn, 1977) because the alternative evaluation is 

based on the comparison of the computed utilities of existing alternatives. The 

additive utility theory states that a utility function for an alternative is a sum of 

individual utility functions on existing attributes. In mathematical terms (Fishburn, 

1977), let X be a subset of the Cartesian product of n other sets XI! X 2, X 3, ... , Xn; 

the utility function u is additive in the attributes if and only if there are real-valued 

functions ul , u2, u3, ••• , UD on XI' X 2, X 3, ... , Xc respectively, such that: 

U(Xb X2> x;; ... , xJ = UI(XJ + udxJ + ... + uixn), (2.2) 

for all x € X 

The utility theory is rooted in the preference theory formulated by mathematicians 

and economists. According to Fishburn (1970), if two alternatives (x and y) on a 

finite set X is a weak preference order (» and the number of existing alternatives 

is finite, then there is a real-valued function, which can be written as: 
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x < Y <=> u(x) < u(y), for all ~y € X (2.3) 

This is a case where a single factor (criterion) is considered. x < y is read as l'x is 

preferred to y." For multi-attribute decisions, the additive utility theory states: 

x < y < = > utCxJ + ... + u.(x,J < ul(yJ + ... + u'(y,J. (2.4) 

It implies that if there is a weak order (x < y), then the sum of utilities for x is less 

than that for y (Fishburn, 1970, p.42). That is, the sum of individual utilities for an 

alternative is positively related to the level of preference for that alternative. 

2.1.1.2 Additive-Difference Model 

The additive-difference model is a compensatory choice strategy requiring 

high cognitive processing like the additive model, but it differs from the additive 

model in that for each weighted dimension a difference between the values of a pair 

of alternatives is computed. In this model, two alternatives are considered at once, 

dimension by dimension (Klayman, 1982), thus intra-dimensional rather than inter-

dimensional information is utilized. The weighted differences are summed for each 

alternative, as shown in the following mathematical equation: 

Where Ai: the total weighted difference of an itb alternative, 
Wj: the weight of an jtb dimension, 
aij: the value (or rating) of an itb alternative, 
a(i+l)j: the value (or rating) of an (i + 1)tb alternative on an jtb 

dimension. 

(2.5) 
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Comparisons then are made between pairs of options in tenns of distance; 

the better of the first two alternatives is compared to the next alternative. This is 

repeated over the remaining options, until one best alternative is chosen. If the 

total difference comes out to be positive, it means that the alternative is better than 

the next one with which it is being compared. Thus, each total difference will 

indicate how strongly one alternative is superior to the other, and when individual 

total differences are compared with one another, we will be able to see that the 

alternative with the highest total weighted difference is the best. Although the ways 

that they. drive the overall alternative values are different, the additive model and 

the additive-difference model both yield the same rank order of the alternatives. 

2.1.2 NoncompensatOIY Choice Strategies 

Noncompensatory choice strategies are also generally known as 'reduced 

processing' choice rules, because they do not reouire available information to be 

thoroughly searched (Minch and Sanders, 1986). Elimination of alternatives through 

a screening process is a common characteristic of noncompensatory strategies. 

Therefore, they are decision methods intuitively appealing for application to 

cognitively complex decision tasks for which there are too many alternatives to 

evaluate or for which the relationships among dimensions (criteria) are highly 
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intricate. In fact, these strategies are representative of how people actually resolve 

decision problems such as the apartment selection, personal loan approval, and so 

forth. 

2.1.2.1 Dominance Model 

The dominance model is the simplest form of noncompensatory choice 

strategy. It is usually used for the initial screening of alternatives because using it 

allows the decision maker to screen out less feasible alternatives based on the 

dominance conditions. An alternative is said to be dominated if and only if there 

is another alternative which is better in one or more dimensions and is equal in the 

remaining dimensions. To illustrate the dominance model, consider the example in 

Table 1. It shows four alternatives (A1, A2, A3, A4) with values associated with 

three dimensions (D1, D2, D3). 

01 02 03 

A1 4 6 10 

A2 8 5 9 

A3 10 3 12 

A4 11 15 12 

~--~~ - --~- ------ - ---~---~ -----------
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In this example, Al, AZ, and A3 are not dominated among themselves, because no 

single alternative of the three satisfies the dominance condition. However, when 

these three alternatives are compared with the fourth alternative (A4), it is clear 

that A4 is non-dominated; i.e., Al, AZ, and A3 are dominated by A4. 

In the dominance method, dominated alternatives are all eliminated from the 

set of existing alternatives, and the result of this elimination process is a set of non

dominated alternatives that can be further evaluated by other non-compensatory 

choice rules. In this sense, the dominance model is not a stand-alone decision 

method. But, the power of the alternative evaluation technique can be expanded 

when the dominance method is used together with other MCDM methods such as 

the conjunctive model or the rlisjunctive model. 

2.1.2.2 Conjunctive Model 

The conjunctive model is a second noncompensatory strategy that does not 

rely on mathematical optimization models in choice-making, but rather on 

simplifying heuristics that may impose on the DM the least amount of cognitive 

demand. With the conjunctive model, the DM starts by specifying a set of cutoff 

values on some selected dimensions. Instead of computing each alternative's overall 

score, the DM relies on sequential reduction of alternatives, based on cutoff values. 

The decision rule calls for selecting the alternative that will exceed the specified 
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cutoff values on all dimensions by eliminating all alternatives that do not meet the 

criteria (cutoffs) on one or more dimensions. It is called a conjunctive method, 

because to be a winner, an alternative must exceed a minimal value on dimensions 

(dl and d2 and d3 ••• and do) for all critical dimensions (Klayman, 1982). This 

procedure is repeated until all unsatisfied alternatives have been eliminated. The 

options surviving the test are then adopted as the final choice. 

It will sometimes be possible for no alternative to be selected as final choice, 

because acceptance of an alternative requires an exhaustive search of all critical 

dimensions. In such a case, the initially set constraints can be relaxed to allow at 

least one alternative to be accepted as a decision, or other choice strategies can be 

used to find a solution. On the other hand, alternatives are easily rejected; they 

need fail only one critical dimension (Klayman, 1982). In summary, the conjunctive 

model is appropriate for decision problems for which quick rejection of individual 

alternatives is the major concern for the decision maker. In a sense, the conjunctive 

model is a tough decision rule, especially when the thresholds are tight. 

2.1.2.3 Disjunctive Model 

Like the conjunctive model, the disjunctive model requires the DM to 

establish cutoff values for the attributes. An alternative is chosen if and only if it 

exceeds a minimal cutoff on one or more dimensions (Minch and Sanders, 1986) 
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and if all the aspects of the other alternatives should fall below or be equal to the 

criterion values (Svenson, 1979). In other words, selection of an alternative is based 

on a disjunctive combination of values on critical dimensions (e.g., dl or dz or d3 ••• 

or dn); an alternative satisfies the rule as long as its values exceed cutoffs on one 

or more dimensions. 

Klayman (1982) suggests that the disjunctive model bases a choice on quick 

'acceptance' of an alternative, whereas the other noncompensatory models focus on 

quick 'elimination' of alternatives. Hence, a suboptimal decision is typical of the 

disjunctive model, and it is recommended for decision problems where the decision 

maker is concerned with accepting any alternatives that minimum requirements. As 

with the conjunctive model, relaxation of constraints is sometimes necessary when 

the search cannot reach a decision. If all alternatives are disqualified, the DM can 

reduce the cutoffs of one or more dimensions and resume the evaluation of 

alternatives. 

2.1.2.4 Lexicographic Ordering Model 

The lexicographic ordering model demands that the DM lexicographically 

order the attributes according to their relative importance. It does not involve the 

use of dimensional cutoff values, but rather it relies on alternative-by-alternative 

comparisons. The lexicographic ordering model is sometimes referred to as a 
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noncompensatory version of the additive-difference model, because it is also based on 

differences in values between a pair of alternatives. While in the additive-difference 

model the differences for individual alternatives are compared to one another in an 

alternative-by-alternative manner, in the lexicographic ordering model each 

difference is checked against a critical magnitude which is determined by the DM 

prior to computing the differences (Klayman, 1982). Critical magnitude is a fIXed 

numeric value representing a baseline pairwise difference. Thus, starting from the 

most important dimension, the computed difference between a pair of alternatives 

is compared with the critical magnitude. If it is equal to the critical magnitude, the 

two alternatives are regarded as 'not significantly different'; if it is less than that 

baseline value, the alternative with the lower value is dropped (eliminated). 

Therefore, an alternative must equal or exceed the critical magnitude in order to 

pass. This process is repeated on the next important dimensions until one 

alternative is left. 

Unlike the conjunctive model or the disjunctive model, the lexicographic 

ordering method requires all alternatives to be searched. However, it is still a 

reduced processing strategy since not aU the dimensions necessarily must be 

examined; the search process could halt after examining a few dimensions if it has 

already eliminated a sufficiently large number of alternatives. 
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2.1.2.5 Elimination-Aspects Model 

Developed by Tversky as a choice theory, the elimination-by-aspects (EBA) 

model uses the cutoff \'alues on dimensions specified by the DM to eliminate less 

attractive alternatives in a sequential manner. The model starts by selecting an 

aspect2 on a significant dimension, and eliminates all alternatives that do not include 

the aspect (Tversky, 1972). If more than one alternative passes the test on that 

dimension, only those passing alternatives are tested against the criterion on the 

next important dimension. If no alternative qualifies by passing the test on the 

dimension, either the constraint can be relaxed or the dimension can be ignored to 

search the alternatives on the next dimension. This process is continued until only 

one alternative remains. 

When an aspect is picked as a baseline or standard, its role is as a criterion 

or a cutoff value. The problem with the EBA model is that it may easily run out 

of information before the set of alternatives can be reduced to one final choice. 

This problem leads to a partial decision. For this reason, the EBA model is 

suggested by Tversky (1972) and Payne (1976) for reducing the size of a set of 

1ne term aspect denotes a value for a dimension. For example, the set of 
aspects for a dimension, color, might include red, blue, green, white, black, etc. The 
aspect is a key concept underlying the Tversky's Elimination-Aspects choice model. 
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alternatives preliminary to the subsequent use of other (compensatory) choice 

strategies. In the next section, we will review relevant GDSS literature before 

discussing the integration of the MCDM and group decision making areas. 

2.2 Prior GnSS Research 

One of the major aspects highlighted by prior research on group decision 

support systems is taxonomy. For example, DeSanctis and Gallupe (1987) classify 

GDSS into three levels: Levell GDSS providing technical features, Level 2 GDSS 

providing decision modeling and group decision techniques, and Level 3 GDSS 

providing machine-induced group communication patterns (DeSanctis and Gallupe, 

1987, pp.593-594). However, our literature review on prior GDSS research is not 

designed to present a taxonomy based on the type of technology. Instead, we will 

look at a functional taxonomy of GDSS that focuses on various situations for which 

GDSS can provide support (i.e., a task taxonomy) in managerial decision making 

environments. We intend to discuss what important organizational activities can 

most benefit from using a GDSS. This general overview of GDSS is then followed 

by a description of the University of Arizona GDSS facility. The University of 

Arizona GDSS is described in our literature review section for two reasons. First, 

it is recognized as a representative GDSS equipped with the modem state-of-the

art technology. Second, we describe it because this dissertation is intended to be 

~-~-.------------------
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an extension of work previously done in the University of Arizona GDSS 

environment. 

2.2.1 Various Situations Calling for GDSS use 

The literature shows a variety of task types to which the GDSS technology 

is applicable. These tasks can be viewed within the McGrath's framework (See 

Figure 2-1) on a typology of group task types. Also referred to as a task circumplex 

model (McGrath, 1984), it provides a useful framework to identify situations that 

can be supported by GDSS. Our review will only focus on four major categories: 

idea generation, problem finding, choice making, and planning (Watson et al., 1988). 

Idea generation and planning correspond to task types 2 (creativity) and 1 

(planning) respectively. Problem finding matches up with the creativity task. 

Choice making is related to both task types 3 (intellective) and 4 (preference). We 

discuss these four categories of tasks, as they represent important management 

activities in organizational decision making environments. 
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2.2.1.1 Idea Generation 

Generation of a wide range of ideas is facilitated through brainstorming3 

among group members (Applegate, 1986; Lewis, 1982). Examples are the 

identification of conference issues, the identification of costs and benefits for a 

strategy, and so forth. Idea generation in group decision making has its root in the 

brainstorming method. The origin of brainstorming is dated to the early 1950's for 

the work of Alex Osborn (Osborn, 1953). Osborn's major assumption was that the 

average person can think up twice as many ideas when working with a group than 

when working alone (Osborn, 1953). Two key principles of brainstorming 

techniques are (1) that the judgment of ideas is deferred, and (2) that quantity 

breeds quality. Brainstorming has become a pervasive group decision making 

method, and proved quite useful in generating ideas in organizations (Hall et aL, 

1963; Bouchard, 1969). By combining brainstorming with brainwriting and voting, 

Dclbecq and Van de Ven developed the Nominal Group Technique (Delbecq and 

Van de Ven, 1971). In this process, the group members are discouraged from 

communicating verbally, but are encouraged to be silent and independent. 

1be Webster's English Dictionary defines brains/onn as lito practice a 
conference technique by which a group attempts to find a solution for a specific 
problem by assuming all the ideas spontaneously contributed by its members." 
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A great deal of research work has been done in this area recently; in 

particular, the GnSS development efforts at the University of Arizona have led to 

the implementation of a set of tools designed to enhance the effectiveness and 

efficiency of group meetings through the full support for information exchange and 

idea stimulation (Applegate, 1986). The University of Arizona research work 

currently under development will be fully described subsequently. 

2.2.1.2 Problem Finding 

GnSS were also found useful in a problem finding activity (Gallupe, 1985). 

Problem finding, sometimes referred to as problem framing or problem formulation, 

is a diagnostic process typical of many organizational settings. As problems appear 

(e.g., drops in sales, complaints from customers, etc.), a group of managers becomes 

engaged in a problem finding activity. As in idea generation, the Nominal Group 

Technique can be used to assist in problem finding; both idea generation and 

problem finding are of task type 2 (creativity) in the McGrath circumplex model. 

Participants in the group can be given a topic or question that addresses the key 

problem observed by the organization. The group members produce ideas 

regarding the possible causes of the problem. 

The group can be engaged in a meeting simply for the purpose of finding a 

problem. In practice, however, problem finding is often the initial phase of the 
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decision making process (DeSanctis and Gallupe, 1987). A number of researchers 

have observed that initial meeting time is characterized by uncertainty, cautious 

interaction, and concern for integration (O'Connor, 1980; Babad and Amir, 1978; 

Bales and Strodtbeck, 1951). Because it is uncertain how the problem should be 

approached, the group spends time narrowing down the initially wide scope of its 

problem and defining information needs relevant to the focal problem. Devotion 

of a sufficient amount of time in problem formulation is an important factor in 

arriving at a good decision (Hackman and Kaplan, 1974). 

2.2.1.3 Choice Making 

Choice making is an important organizational activity, where group members 

develop feasible candidate solutions and choose among competing solutions. The 

major tool used is the MCDM (multiple criteria decision making) algorithms that 

are designed to select among competing alternatives according to multiple criteria 

determined by the decision maker. Choice making relates to two types of tasks: 

intellective choice (Hiltz and Turoff, 1982) and preference choice (McGrath, 1986; 

DeSanctis and Gallupe, 1987). These two categories of choice making correspond 

to task types 3 and 4 in the McGrath's group task circump1ex framework. 

Intellective choice refers to choice making where there exists a correct 

answer that experts can objectively determine. It is generally associated with well-

---- -------------
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structured choice tasks. An example of intellective choice would be to rank order 

the relative importance of fifteen items to survival in the subartic (the Lost in the 

Arctic problem) (Turoff and Hiltz, 1982) or to choose from an applicant pool a 

given number of individuals to be admitted to a study program (Zigurs, 1987; Zigurs 

et aI., 1988) or to choose between two competing salesmen for an open sales 

territory (George et aI., 1988). 

However, the preference choice, which is analogous to the task type 4 in the 

McGrath's model, has no definite correct answer. Choices are made among 

competing alternatives based on subjective opinions, intuitive judgments or personal 

analyses. Because social comparison processes are important in a preference choice 

task, preferences of the members should be combined and the results should be 

displayed to the group for discussion (DeSanctis and Gallupe, 1987). A conflict 

situation may well be expected (McGrath, 1986) because there are various subjective 

inputs that the group members bring to the meeting, such as personal preferences, 

value systems, viewpoints, and expertise. Our dissertation is particularly focused on 

this type of task. 

To date, techniques employed in GnSS for assisting in choice making have 

focused only on the simple ranking method or the MAUT (Multi-Attribute Utility 

Theory) method to provide the data-level support for the evaluation of alternatives. 

As we noted earlier in this chapter, there exist quite a few multi-criteria decision 
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methods for aiding choices, but little work has been done to integrate MCDM 

methods with GDSS. This is an area in which more extensive research efforts are 

needed. 

2.2.1.4 Strategic Planning 

GDSS software can also be used in planning environments where the main 

goal is to develop a set of strategic options (Applegate, 1986; Steeb and Johnston, 

1981). Planning is an organization's key activity which purports to translate purpose, 

mission, and short-run and long-run objectives into strategy and policy where 

organizational structures, procedures, and methods are established (Thompson and 

Strickland, 1981). Major focus is placed on the way that organizational activities 

are carried out and administered. This should be an essential task for managers. 

Top management co]]ectively works out plans for strategy, identifying potential 

threats and opportunities. 

The PLEXSYS system developed at the University of Arizona is intended to 

support organizational planning. The PLEXSYS planning environment represents 

and stores organizational knowledge including policies, procedures, forms, and other 

related information in a centralized organizational knowledge base (PLEXSYS User 

Guide, 1988). 
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2.2.2 The University of Arizona GDSS Facility 

During the past few years, the University of Arizona has developed a group 

decision facility that facilitates and supports group meetings. It is called the UA 

Planning and Decision Laboratory, and it provides a research facility for studying 

the impact of automated group support on planning and decision processes (Vogel 

et al., 1987). This decision room, equipped with the modern technology, fosters 

idea generation and issue identification processes through specially designed 

software and procedures. We will describe the configuration and available software 

tools incorporated in the UA Planning and Decision Lab. 

2.2.2.1 Configuration 

The University of Arizona MIS department has two group decision support 

facilities: PlexCenter and the CMI Enterprise Room. Initial research into group 

decision support systems had been conducted at PlexCenter. PlexCenter has a large 

U-shaped table that is equipped with 16 networked microcomputers (see Figure 2-

2 for an illustration of this room). These 16 microcomputer workstations are 

recessed into the table top to facilitate interaction among the participants (Vogel 

et al., 1987). The microcomputers are networked through a local area network for 

information exchange, and the communications network is linked to a separate video 

network for video switching (Martz et aI., 1987). To assist in the group facilitation 

----- ------ -----------
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function, the decision room is also equipped with a large screen projection system 

with an 8-foot screen, remote keyboard entry, video disk, and video tape 

projectors. 

The more advanced group decision facility at the University of Arizona is the 

CMI Enterprise Room that has been recently built, based on the experience gained 

from the research at PlexCenter. This group decision room is a three quarter round 

theater that supports larger groups of up to 56 participants although some 

participants may have to share a microcomputer (PLEXSYS User Guide, 1988). 

Figure 2-3 illustrates the configuration of this facility. Gallery seating is also 

provided for observers or staff members. This facility is similar to PlexCenter, 

except that participants sit in half circles, rather than across a common table. 

There are two large back-projection screens at the front of the room, in addition 

to a wide variety of audio-visual equipment that permits the display of computer 

screens, videodiscs, overhead transparencies, 35mm slides, and Videoshow (a 

computer graphic presentation system). From now on, use of the term University 

of Arizona Planning and Decision Lab will primarily refer to the CMI Enterprise 

Room. 

In addition to the hardware configuration, an additional feature that plays an 

important role in making the UA Planning and Decision Lab nationally recognized 

as an outstanding group decision facility is a unique physical environment designed 
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to respond to human behavioral rt!quirements. Examples in this category include 

optimal lighting conditions, minimal noise-level, and so forth. An appropriately 

designed physical environment may not directly affect the quality and productiveness 

of meetings, but it significantly promotes the aspects associated with the creativity 

and mental concentration. While the hardware and software environment supports 

procedural aspects of group meetings, the physical environment supports 

psychological aspects of meetings. 

2.2.2.2 Available Software Tools 

Several software tools for facilitatif'.g group communication are provided in 

the VA Planning and Decision Laboratory. Among others, they include (1) EBS 

(Electronic Brainstorming), (2) IA (Issue Analyzer), (3) TC (Topic Commenter), (4) 

Voting, (5) Alternative Evaluation, (6) SIAS (Stakeholder Identification and 

Assumption Surfacing), and (7) Idea Organizer. We will describe each of these as 

it relates to this dissertation. 

EBS: The EBS (Electronic Brainstorming) tool allows participants, using the 

networked microcomputers, anonymously to share comments on a specific question 

or problem with other participants (Vogel et aI., 1987). The purpose of EBS is to 

enable group members to generate and capture as many ideas as possible in the 
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time available. The technique used in the EBS tool is based on the brainwriting 

pool method in which each participant writes one to four ideas on a piece of paper, 

which is placed in the center of the table where it becomes part of a pool of sheets 

from which another participant can arbitrarily choose one about which to write ideas 

(Geschka et al., 1973; Warfield et al., 1975; Hwang and Lin, 1987). The 

brainwriting method avoids such negative effects of brainstorming sessions or group 

meetings as the influence of opinion-leaders or some group members and restraints 

against free-wheeling speaking (Hwang and Lin, 1987). 

Participants in the EBS session share and send out comments electronically 

instead of manually on paper. The facilitator designs a question (or agenda) to be 

discussed by the group and sends a file containing the question to each participant. 

Each participant then adds initial comments and ideas to this file and sends it back 

onto the network in exchange for another file. He or she then reads the ideas 

contained in this new file and adds to them before exchanging the file for a new 

one. All participants act simultaneously and in parallel, so no participant must wait 

. for another to finish before making a contribution. This brainstorming process 

continues until no new progress is made, which usually takes about 45 minutes. At 

this point, the facilitator ends EBS and consolidates all the comments into one 

large file. 
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IA: With IA (Issue Analysis), ideas generated through the EBS tool are identified 

as they relate to the focused issue and consolidated (PLEXSYS User Tutorial, 

1988). In the issue identification phase, a file containing all the comments collected 

from the EBS session is sent by the facilitator to each participant through the 

network. Working at their own terminals, participants identify a set of key issues 

from existing ideas. The issue consolidation phase is a verbal process to consolidate 

the issues identified by each participant and uses the large projection screen 

connected to the network to display those issues. The facilitator guides the issue 

consolidation process by verbally interacting with individuals to create a concise list 

of the issues deemed important by the group (PLEXSYS User Tutorial, 1988). 

Topic Commenter: TC (Topic Commenter) is a structured commenting tool that 

allows group members to simultaneously and anonymously share comments on 

several predefined issues. It is similar to EBS except that, because ideas are 

entered in several predefined windows, comments are collected in a more structured 

manner. 

Topic Commenter is similar to Electronic Brainstorming in that it is used at 

the same siage of the process - idea collection. The major difference between the 

two is that Topic Commenter is used to collect ideas from participants in a more 

structured form. Participants first work individually to enter their ideas and 
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opinions on the specified topics that are distributed to them in the form of the 

computer equivalent of a set of index cards having topic labels printed at the top. 

To make comments, participants select the appropriate card and enter their ideas 

on it. After 10-15 minutes of working individually, the participants examine the 

comments entered by the other group members. They can then add additional 

ideas that have been prompted by the comments of the others. Since the comments 

are entered under specific headings, no issue identification or issue consolidation is 

needed; the ideas are organized as they are collected. Thus using Topic 

Commenter is more focused, but not as "creative," as using EBS. 

Voting: A voting tool is used to rank the consolidated issues by importance. The 

consolidated list of issues is sent to all participants, and each participant rearranges 

the list in the order of his or her importance and sends a vote indicating that order 

back to the facilitator. 

Various prioritizing methods available in the voting tool include 

agree/disagree, multiple choice, 10-point scale ranking, and ranking in order 

(PLEXSYS User Tutorial, 1988). The voting results collected by the facilitator are 

graphically tabulated in bar charts and matrices for the group to view. A matrix 

displaying the voting results has two columns of information, in addition to the 

matrix itself, that show the ranks and SQR's (square of the differences) for 
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individual issues. The SQR is a measure of the level of consensus in the group. 

The higher this value for each issue, the greater the variety of views about its 

importance. If the results turn out to indicate high SQR's for most of the issues, 

the group facilitator can restart the EBS session to determine the reasons for the 

resulting disagreements on the importance of the issues. 

Alternative Evaluation: The purpose of an alternative evaluation tool is to "rank 

a list of alternatives against a list of criteria to determine the optimal alternative for 

implementing an action plan" (PLEXSYS User Guide, 1988). Each participant is 

asked to rate how well alternatives meet each criterion. Rating the alternatives is 

based on a ten-point scale somewhat similar to the Likert scale. Thus, the rated 

values are represented as numeric values that fall between 1 and 10. After the 

group completes the rating process, the group results are collected and displayed. 

The group can analyze these results using ''what-if' scenarios to further evaluate the 

alternatives. 

SIAS: A SIAS (Stakeholder Identification and Assumption Surfacing) tool is 

designed to help group members identify stakeholders (i.e., those who impact upon, 

or are impacted by, a policy) pertinent to a proposed plan, record assumptions or 

expectations of those stakeholders, and rate the stakeholder assumptions in terms 

of importance to the stakeholder as well as to the proposed plan (Vogel et al., 
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1987). The expectations of these stakeholders are taken into consideration by the 

group before finalizing a plan. The SIAS tool is appropriate for group planning 

activities, because it allows the participants to identify environmental threats and 

opportunities facing an organization. By foreseeing the possible outcomes of 

different courses of actions, this tool helps the group carefully examine alternative 

plans in relation to their likely impacts on the focal organization. 

Idea Organizer: The Idea Organizer is a mUlti-purpose tool designed to assist 

groups in organizing ideas and issues. It combines features from existing tools such 

as Issue Analyzer and Topic Commenter to make a flexible tool which can be used 

in various group situations. A brief listing of the features of Idea Organizer 

includes the following: 

1. The facilitator can collect one idea at a time or can collect one idea from every 

participant. This allows the facilitator to build a list of issues at a controlled pace, 

instead of starting with a large list and consolidating, as is done when using the 

Issue Consolidation tool. 

2. As the issues list is built, the participants can view the comments that have been 

made about each idea and can add additional comments on any of the ideas that 

appear on the group list. In this way, the tool can be used much like Topic 

Commenter, except that the participants can be directly involved in the creation of 
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the "topics" or ideas. 

3. The participants can generate ideas privately in their own offices and bring the 

information (on a floppy disk) to the meeting site and load it onto the system. 

Perhaps one of the most popular uses of Idea Organizer is to simulate the 

manual Nominal Group Technique (NGT), which was introduced by DeIBecq and 

Van de Ven (1971). NGT is a problem-solving, idea-generating strategy; ideas are 

generated by individuals and then later combined with those of others and discussed 

by the group to solve the problem at hand. The term nominal refers to the first 

part of the technique when individual generation of ideas takes place with no verbal 

communication between members of the group. So, for at least the first portion of 

the meeting, the collection of individuals is a group "in name only," or nominally. 

The basic structure of NGT has participants work separately to generate 

ideas on a topic area. Every participant creates his or her own list of ideas. When 

these individualized lists have been created, each person, in round-robin fashion, 

presents one idea. Each presented idea is combined to form a group list. It 

should be noted that during this phase of NGT there is no discussion of the 

individual ideas. The round-robin collection of ideas continues until all individual 

lists have been exhausted. Next, the group begins interacting, clarifying and 

discussing the ideas that appear on the group list. The final phase of NGT has the 

members privately rank-order the final list. 
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2.2.2.3 Observed Benefits 

A few studies (Applegate, 1986; Nunamaker et aI., 1987; Vogel et aI., 1987) 

have been conducted to investigate the impact of the UA GDSS tools upon 

meetings. The results of most of these indicate that use of the UA group decision 

support facility significantly improves both the process and outcome of meetings 

(PLEXSYS User Guide, 1988; Applegate, 1986; Nunamaker et aI., 1987; Vogel et 

aI., 1987). Major benefits of using these tools that have been observed include: 

Anonymity: All comments made in EBS session are anonymous, which tends to 

promote honest and thoughtful responses from group members. The group gains 

a better appreciation of individual perspectives. 

More Alternatives: Anonymity also reduces the inhibition of idea generation caused 

by group pressure for conformity. Members contribute ideas knowing that they will 

not be judged by their ideas. Conversely, the status, authority and roles of the 

group members are divorced from the comments, so that each idea is evaluated on 

its merits, rather than being evaluated in light of its contributor. The end result is 

a wider range of alternatives considered before a decision is made. 

Enhanced Group Dynamics: All members can contribute to the discussion without 

the anxiety of taking the floor. All group members receive an equal chance to 
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participate; one participant can hardly dominate the session. The sense of equality 

of participation tends to evoke greater personal involvement and commitment to the 

outcomes of the planning meetings. 

Efficiency: As each member can contribute simultaneously, more ideas are 

generated in a shorter period of time. Group members can also contribute ideas 

at their own pace and immediate collection of individual perspectives encourages 

quick feedback on the ideas of other group members. 

Electronic Memory: All comments are permanently recorded as they are made. 

Group members can review the full discussion or areas of personal interest. Future 

group sessions can be started where a previous session left off. 

Dynamic Access to External Infonnation: Group members cannot be expected to 

recall all information relevant to complex issues. The support tools provide access 

to knowledge bases and data bases located both inside and outside the organization. 

Costs: Any discussion of the benefits of new technology should also address its 

costs. The cost of installing group support systems is highly variable, depending 

upon the amount of investment in non-computer items. For example, building a 

facility in an existing room can be quite inexpensive, although if significant 

construction and renovation are required, costs will increase. Ignoring facility costs, 
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a small GDSS (to support 6-10 people) could cost $15,000-40,000 depending upon 

the type of hardware chosen. State-of-the-art equipment, of course, costs more than 

older technology. 

In the section that follows, we will review some of the past research that attempted 

to integrate MCDM theories with group decision making. 

2.3 MCDM and Group Decision Making: An Integration 

During the past few decades, MCDM (multiple criteria decision making) was 

extensively studied as one of the key areas of operations research and management 

sciences. The result of the research was generation of a number of prescriptive 

decision models that focus on quantitative methods to optimize multiple criteria 

decisions (Zeleny, 1982). 

Recently, the MCDM research has been married to the DSS (decision 

support systems) area with the major aim being to support and/or improve the 

individual decision making process (Minch and Sanders, 1986). Furthermore, an 

increasing number of researchers have attempted to link MCDM theories to group 

decision making environments where potential benefits of linking are expected to 

be significant (e.g., Heidel and Duckstein, 1982, 1983; Bui and Jarke, 1984; 

Szidarovszky et aI., 1986; Keeney and Kirkwood, 1975). In this section, we review 
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what integration efforts have been made in the past. 

2.3.1 The ELECfRE Method 

Some authors (Bui and Jarke, 1984; Heidel and Duckstein, 1983) have 

proposed ELECTRE, one of the MCDM methods, as a particularly promising 

approach to assisting collaborative decision processes associated with choice tasks. 

The ELECTRE method was first developed by Roy (1968) as a discrete decision 

method for individual decision-making. It is basically a combination of several 

traditional MCDM methods. Steps involved in the ELECTRE process are: 

(1) Assign weights to the criteria. 

(2) Define an ordinal-to-cardinal grading table that allows the decision maker 
to assign points to each grade. 

(3) Evaluate the altematives with respect to each criterion. 

(4) Compute pairwise comparisons by calculating concordance and 
discordance indexes. 

(5) Identify non-dominated alternatives by deriving outranking relations between 
ahernatives. 

(6) Based on the outranking relations, draw a directed graph in order to identify 
a subset of A that contains non-dominated alternatives. 

(7) If the decision maker thinks that the non-dominated alternatives are 
consistent with his or her preferences, stop the computation. 

(8) Otherwise, re-start the whole cycle. To select new thresholds, go to step (5). 
To re-consider the weighting scheme, go to step (1). To re-evaluate 
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altematives with respect to certain criteria, go to (3). 

Heidel and Duckstein (1982, 1983) applied the ELECTRE method to a real

world group decision situation where the groups were engaged in the transportation 

energy contingency problem. They concluded that their results demonstrated the 

success of the ELECfRE method in providing a non-emotional focus for discussions 

and the importance of careful formulation of the problem. 

Bui and Jarke (1984) extended this method to the group decision support 

environment. This modified method links the following components: (1) a 

conventional DSS model component that includes time series models, explicative 

models, and simulation models, (2) two computerized process-oriented group 

decision methods, such as the Delphi method and the Nominal Group Technique, 

and (3) a simple computerized conferencing system that supports group 

communication. Their extended ELECfRE method is analogous to the original 

Roy's method, except that it computes the relevant indices in a group context. 

The four indices that need to be computed are the group concordance index, the 

group discordance index, the group concordance threshold, and the group 

discordance threshold. They are used to identify non-dominated alternatives. The 

concept of 'dominance' in the ELECTRE method is different from that in the 

dominance model discussed earlier in this chapter. In the dominance choice 
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strategy, the dominance condition demands that a dominating alternative is superior 

to the dominated alternative in an absolute sense (i.e., without the intervening of 

the DM's preferential cutoffs). Thus, once values have been determined for all 

alternatives with respect to existing dimensions, it can easily be determined whether 

each alternative is dominated by the others. In the ELECfRE method, however, 

dominance implies that a dominated alternative is one that has failed the test of an 

outranking condition; i.e., that does not exceed the cutoff values the DM specified. 

Bui and larke concluded that ELECfRE has proven useful in supporting all phases 

of a cooperative group decision making process, although it cannot support the 

choice of more than one alternative4• 

2.3.2 Social Welfare Functions 

Some researchers (Bergson, 1938; Samuelson, 1947; Arrow, 1963) approach 

group decision making from an economists' viewpoint. This approach is called the 

social welfare functions. For them, a consensus decision is one toward which group 

members are all indifferent. Their major premise is that the basic problem in group 

;ne outranking relation concept in ELECfRE is designed to determine the 
better of a pair of alternatives, so the result of using ELECI'RE is simply a single 
best alternative. However, newer versions of the ELECI'RE method, such as 
ELECI'RE II and ELECI'RE III, support sorting and ranking functions. 
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decision making is to find a decision on the welfare frontier which is satisfactory and 

acceptable to each of the decision makers (Szidarovszky et aI., 1986). As seen in 

Figure 2-4, each decision maker develops his/her own indifference curves as to the 

preference for alternatives, and the group decision will be reached within the 

welfare frontier where all decision makers feel comfortable. Szidarovszky et al. 

(1986) defines 'welfare frontier' as the choice set of the two decision makers that 

is represented as Al-A2 in a two dimensional graph. 

Keeney and Kirkwood (1975) formulate the group decision problem as the 

cardinal social welfare function in which the group decision is viewed as the 

aggregation of individuals' probability density functions and utility functions. They 

assume that each individual has a set of subjective probability density functions, 

which indicate the uncertainty concerning which consequences will occur for an 

alternative. Furthermore, Keeney and Kirkwood assume that each individual has 

his or her own utility function. Then, the group decision making will basically 

involve determining the aggregated subjective probability density functions and the 

aggregated utility functions. In fact, the underlying premise of the social welfare 

functions is that the group can be considered as a single decision maker having the 

subjective probability density function and utility function (Keeney and Kirkwood, 

1975). 
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Source: Szidarovszky et al. (1986). 

63 

f1 



64 

2.3.3 Social Choice Functions 

Another line of research attempts to integrate MCDM with group decision 

support technology (Hwang and Lin, 1987) and focuses on the classical social choice 

functions that were developed in the area of political science. Social choice 

functions in this category include theoretical works of various political scientists and 

mathematicians, which represent quantitative models to derive a group's will from 

the opinions of the majority in a democratic society. As Luce and Raiffa (1957) put 

it, " ... the problem is to define fair methods for amalgamating individual choices 

to yield a social decision . . . . this becomes a question of combining individual 

preference patterns over various states of affairs to generate a single preference 

pattern for the society composed of individuals" (p. 328). 

A variety of aggregation procedures are related to the social choice functions, 

including Condorcet's function, Borda's function, Copeland's function, Nanson's 

function, Dodgson's function, Kemeny's function, Cook and Seiford's function, 

Fishburn's function, and Eigenvector's function. Although the individual social 

choice functions are different in aggregating preference orders, they are all 

concerned with analyzing the voting results of a group to determine the social 

choice. We will not discuss each social choice function. For an in-depth review of 

these methods, see Fishburn (1974) and Hwang and Lin (1987). 
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Application of the social choice theory (both the social welfare functions or 

the social choice functions) to group decision making is intended to provide support 

for the voting phase of the group process, whereas utilization of the ELECfRE 

method will assist the group in the phases prior to voting (i.e., alternative 

evaluation). 

2.3.4 Fuzzy Set Theory 

By far, no researchers have integrated the fuzzy set theory with the group 

decision support systems. We discuss it here, however, because some researchers 

(Szidarovszky et aI., 1986; Hwang and Lin, 1987) have indicated the potential of its 

application to group decision making. 

The theory of fuzzy sets was first formulated by Zadeh (Zadeh, 1965; Zadeh 

et aI., 1975) as a method of solving multi-criteria decision problems with fuzzy 

preferences. In the fuzzy set model, each criterion is considered as a fuzzy subset 

of the set of alternatives, referred to as set of actions (Zadeh et aI., 1975). Every 

action is characterized. by a number in the interval [0,1], which indicates how 

adequate the action is to the satisfaction of the criterion considered. The higher 

the evaluation of an action is, the better this action satisfies the criterion. 

Understanding the theory of fuzzy sets requires some fundamental definitions of the 

properties on a set. Let E be a set and A a subset of E. A relation of 
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membership of an element of E, x, in A can be indicated by x € A Whether the 

element x is a member of A can also be represented using the following symbol 

notations: 

J.LA(X) = 1, if x € A 

J.LA(X) = 0, if x '€- A 

J.LA{X) is referred to as a characteristic function, that denotes the degree of x's 

proximity to the set A, and whose value should fall between 0 and 1. Then, we can 

use the characteristic function to indicate the characteristic of an action under a 

certain criterion. Assuming that A is a set denoting a fuzzy criterion creativity, if 

an alternative al has quite a creative potential, the J.LA(al) should be a value close 

to 1. Likewise, if an alternative a2 is not creative at all, the J.LA(a2) should be a 

value close to O. The set A is usually called a fuzzy subset of E, and it is defined 

as a set of ordered pairs (Zadeh, 1965) as follows: 

A = {(x, J.LA(X»} x € E, 

in which J.LA(X) is the grade or degree of membership of x in A. In a multi-criteria 

decision pmblem, multiple fuzzy subsets (J.'AI(X), J.'Al(X) , J.'AJ(x) ... J.'An(x)) are to be 

developed for the criteria Ah A2, A3, ... , A,,) in evaluating the alternative x. There 

is a widely accepted notion (Carlsson, 1982; Siskos, 1982; Roy, 1977; Hwang and 

Lin, 1987) that the fuzzy set theory provides a more effective way of dealing with 

multi-criteria decision problems that involve many fuzzy, qualitative criteria than a 
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traditional method such as the Likert scale. 

An extension work to this theory was made by other researchers (Roy, 1980; 

Siskos, 1982), which led to a new concept in fuzzy set theory - the fuzzy outranking 

relation. According to these researchers, the fuzzy outranking relation is a fuzzy 

subset of the set of all pairs of actions, and the decision maker must evaluate the 

degree of superiority of one action to another, by a number between 0 and 1 

(Siskos, 1982). The outranking relation then is obtained through the aggregation 

of a system of additive utility functions, each of which represents the utility function 

for an action (or an alternative) under a criterion. So, if there are n number of 

criteria being considered, the outranking relation will be a combination of n number 

of utility functions. 

To illustrate the fuzzy set model for a real-life multi-criteria decision problem 

under the group decision environment, consider the example of hiring a marketing 

executive. Suppose that three alternatives (John, Mary, and Marvin) are to be 

evaluated under three criteria (judgmental ability, communication skills, and 

. experience) by a group of executives. There will be three fuzzy subsets including 

Cl, C2, and C3 which are given by: 

Cl = Judgmental ability 

= {(John, JLcl(John), (Mary, JLcl(Mary)), (Marvin, JLct{Marvin))} 

C2 = Communication skills 



= {(John, IJC2(JOhn), (Mary, IJC2(Mary», (Marvin, /-iC2(Marvin»} 

C3 = Experience 
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= {(John, IJC3(John), (Mary, IJC3(Mary», (Marvin, IJC3(Marvin»} 

Participants will give values for IJcl(John), IJC2(Mary), and IJC3(Marvin). Thus, each 

individual in the group may produce three fuzzy subsets that look something like 

the following: 

C1 = {(John, 0.3), (Mary, 0.5), (Marvin, 0.6)} 

C2 = {(John, 0.65), (Mary, 0.2), (Marvin, 0.9)} 

C3 = {(John, 0.5), (Mary, 0.8), (Marvin, OA)} 

Then, the next step will be the aggregation of the sets of fuzzy subsets produced by 

the group members, which has not been researched by anyone. The reader who 

wishes to get a more in-depth review of the concept of the fuzzy set theory or basic 

operations on the fuzzy subsets is referred to Zadeh (1965) and Zadeh et aI. (1975). 

The application of the theory of fuzzy sets to group decision making will be a 

promising research arena, offering abundant research opportunities. 

2.4 Summary 

The significance of integrating the two research fields of MCDM and group 

decision making lies in two key aspects. For one thing, MCDM GDSS would be 

able to guide the group decision processes toward both maximum group consensus 
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and high quality decisions. Second, MCDM GDSS can foster effective information 

gathering and evaluation processes by providing structures to complex or ill-defined 

group decision problems. 

For this dissertation, the various MCDM models discussed earlier in the 

literature will be integrated into the existing VA GDSS so that a rich set of choice 

strategies can be made available to each decision maker for effective support of 

decision analysis at individual workstations. The GDSS in the VA Planning and 

Decision Laboratory provides a single choice method - the simple additive modeJS. 

This dissertation research is directed toward expanding and elaborating the existing 

software tools by integrating MCDM theories with GDSS technology. This 

development effort will improve the robustness of the present GDSS in the UA 

Planning and Decision Lab by adding a new functionality - the support for 

collaborative choice/judgment activities. 

5 As earlier noted, the simple additive method determines a best alternative 
based on rank-ordered utilities of individual alternatives. The utility of an 
alternative is computed by summing the results of mUltiplying the alternative value 
by the criterion weight for all criteria. 
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CHAPTER 3 

GENERAL FRAMEWORK FOR COLLABORATIVE CHOICE MAKING 

In this chapter, a general framework is developed that is intended to model 

typical group processes involved in solving multi-criteria decision problems. The 

framework will be mapped onto the existing University of Arizona GDSS facility to 

identify useful extensions of that GDSS. This framework applies to a decision 

situation where a group of decision makers: 

1) are given a common decision goal or problem, 

2) must determine relevant evaluation criteria that they all agree upon, 

3) must develop a set of feasible alternatives, 

4) must both individually and collectively assess the alternatives, and 

5) must reach consensus on one or more alternatives selected as a solution. 

3.1 The Four-Phase Framework 

Figure 3-1 depicts the framework that divides the group choice process into 

four discrete decision phases. In this model, the alternative generation and 
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preference specification phases are followed by the alternative evaluation phase 

which precedes the preference aggregation phase. 

This framework requires that information associated with a phase be solicited 

from either the individual decision maker or from the group, that a set of activities 

(process) be performed in each decision phase, and that output be produced during 

a phase as a result of the process. Table 3-1 shows the input/process/output 

requirements for each phase. 

Table 3-1. Requirements for Input, Process, and Output 
in the Four Phases of the Framework. 

Phase Input Process/activities Output 

Alternative Decision problem Brainstorming, Alternatives 

Generation Screening list 

Preference Objectives, Brainstorming, Evaluation 

Specification Criteria, Rank-ordering criteria, 
Viewpoints Weights, 

Cutoffs 

Alternative Alternative list, Information Utilities and 
Evaluation Criteria, Data, analysis Ranks for 

Models alternatives 

Vote casting, 

Preference Utilities and Vote analysis, Collective 
Aggregation Ranks for Collective rank- choice 

alternatives ordering 



73 

As we will be shown later, some of these phases already have been 

implemented in the VA Planning and Decision Lab. In the sections that follow, we 

each of the four individual phases involved in the present collective choice-making 

framework is examined, and ways in which some these phases need to be expanded 

will be discussed. 

3.1.1 The Alternative Generation Phase 

In the alternative generation phase, the group tries to come up with all 

possible and feasible alternatives that the group members consider feasible to solve 

the focal problem. The group uses the question specified by the group facilitator 

as an input and goes through a brainstorming process to produce potential 

alternatives. Since initial brainstorming generates a large number of alternatives 

collected from all participants in the meeting. These must be clarified and screened 

to achieve a list of distinct independent alternatives. 

Alternatives are a set of courses of actions from which a solution can be 

chosen. They can be in any form and may range from strategic plans to policies, 

to investment programs, to job candidates. Each alternative should be concisely 

stated, using a few key words, yet broad enough to encompass all essential ideas 

associated with that alternative. Alternatives should be defined in such a way that 

they can be easily distinguished from one another and that there is no possible 
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ambiguity in interpreting the message. 

The alternative generation phase is currently supported by such VA GDSS 

tools as EBS and Issue Analyzer. EBS facilitates the group's generation of 

alternatives, and Issue Analyzer consolidates and filters the initially created 

alternatives. 

3.1.2 The Preference Specification Phase 

In the preference specification phase, all the criteria are specified, along with 

preference weightings. Criteria should provide the basis for evaluation of 

alternatives. The group's Objectives are stated, and evaluation criteria which 

correspond with the stated objectives are determined through brainstorming. Once 

criteria are identified by the group, they are organized into a hierarchical structure, 

and the criteria hierarchy is used as a template to acquire personal preferences such 

as criteria weightings and criteria thresholds from the individuals. 

There is no dedicated tool for support of preference specification in the VA 

GDSS. In the existing environment, EBS and IA tools can be used to collectively 

identify and screen out a list of criteria. A tool is needed that, in combination with 

these tools, can adequately elicit and record both simple and complex preference 

structures of individuals. Such a tool will have to be able to allow the group to 

properly formulate and utilize the personal preferences of the group members. 
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3.1.3 The Alternative Evaluation Phase 

In evaluating alternatives, the group is engaged in the process of rating and 

assessing the existing alternatives against the predetermined criteria. The alternative 

evaluation phase encourages the group to prioritize the alternatives in order to find 

one or more options that are highly feasible and desirable. A module implementing 

this phase should be capable of providing a recommendation on the prioritization 

of the alternatives, based upon preferences and alternative ratings. 

An Alternative Evaluation CAE) tool in the VA GDSS carries out this 

function using the weighting method. This tool can be extended to incorporate 

various decision aids, however, and would then enable individuals to use multi

criteria decision models and other decision tools such as spreadsheets for the 

purpose of generating their own rank-ordered lists of alternatives. It is at this point 

that an AI-based inferencing technique could be utilized to select the appropriate 

choice models to meet the group members' decision analysis needs. 

3.1.4 The Preference Aggregation Phase 

Finally, in the preference aggregation phase, the different preferences of 

individuals for the alternatives would be aggregated and analyzed to yield the 

group's final decision. The voting scheme used must have a sound rationale to 
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justify the group choice, because maximum consensus is not always the most 

important objective. For example, the quality of a group decision and the consensus 

are both desirable decision objectives in group meetings. However, there exists a 

tradeoff between the two objectives, suggesting that successful achievement of one 

objective can only be attempted at the sacrifice of the other (Watson et aI., 1987). 

A Voting tool in the VA GDSS that supports this phase can be extended in 

such a way as to provide more numerous ways of interpreting the group results. 

For example, the degree of consensus among the group participants could be 

measured and presented to the group in different manners, or the social choice 

theory could be jntegrated into the system for the purpose of determining the group 

choice. The social choice theory is a useful method for aggregating the prioritized 

lists of alternatives generated by individuals. 

3.2 Theoretical Foundation of the Framework 

Our framework is, to some extent, theoretically grounded on Simon's four

phase model of management decision. Simon (1978) describes decision making for 

executives as consisting of the sequential activities: (1) intelligence, (2) design, (3) 

choice, and (4) review. Because this is a well-known classical model, each of these 

activities will be briefly mentioned. Intelligence involves searching the environment 

for conditions calling for decision. The design activity is concerned with inventing, 

----~--~-- .. ---



77 

developing, and analyzing possible courses of action. Choice relates to selecting a 

particular course of action from those available. The last activity in the sequence 

is review, in which the decision maker assesses past choices. 

Although it resembles the Simon's model, the four-phase framework 

presented in this chapter is tailored to the group decision environment, whereas 

Simon's model applies to decision making by an individual in an organization. 

Mapping between the two models leads to the conclusion that there is an overlap 

in two only phases (design and choice). Design is analogous to the alternative 

generation phase, while choice is comparable to the alternative evaluation phase. 

Thus, the model supports two additional phases: preference specification and 

preference aggregation, by means of a framework focused on the formulation and 

utilization of personal preferences for individual decision makers involved in group 

meetings. This dissertation argues that personal preferences are a key factor that 

needs to be incorporated and managed in collaborative decision processes. 

3.3 Interconnection Among the Four Phases 

According to the framework presented here, there is an interaction between 

the preference specification phase and the alternative generation phase, and 

therefore, there is no indication that which of the two should precede the other is 

an issue. After criteria have been specified and alternatives have been also 

---------------------
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generated, the existing alternatives are evaluated. The alternative evaluation then 

leads to the aggregation of individuals' preferences. 

In Figure 3-1, the arrow indicates the control and data flow among the 

phases. Phase(s) at one level occurs only after phase(s) at the previous level have 

taken place. This suggests that these activities take place in sequence and that 

there is a high degree of dependence among the activities in one direction. That 

is, the activity at level 2 is dependent upon the activity at 1, the activity at level 3 

is dependent upon the activity at level 2, and so forth. This dependence leads to 

the conclusion that the success of each activity is highly a function of how 

successfully the previous activity has been performed. For example, if relevant 

criteria were not adequately specified, the evaluation of the alternatives may result 

in significant confusion or little group consensus. 

3.4 The Relationship Between Alternative Generation and Preference Specification 

The alternative generation phase and the preference specification phase are 

represented at the same level, with the arrows towards both ends. The reason for 

the parallelism of these two phases is that the sequence of the two phases is often 

situation-specific. Even if the execution of these phases is sequential, there are 

many concu"ent situations in which the group generates alternatives while 

identifying decision criteria. 
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A careful observation of many organizational decision processes indicates that 

one of the two phases usually receives greater emphasis than the other, with 

selection of the phase that is treated as more important being a task-dependent 

issue. The following examples examine situations in which one phase is emphasized 

over the other. 

1. Greater Emphasis on Altemative Generation: This is typical of most well

structured multiple criteria decision problems for both individuals and organizations. 

Examples of such decision problems for individuals are apartment selection, product 

selection among different brands, etc. This situation is also common when 

organizations face such decision problems as student admission (in universities), 

personal loan approval (in banks), entry-level employee recruiting (in business and 

governmental organizations), and so on. As a decision maker gains experience 

through a repeated performance of a task, identifying what criteria to use becomes 

less and less crucial. For example, for the student admission problem, a set of 

alternatives (applicants) is generated by announcing an academic study program and 

then it is time to think about using criteria to evaluate the applicants. For the 

apartment selection problem, collecting information about what apartments are 

available generates alternatives, and evaluation criteria are then applied. No matter 

what the decision problem, when a decision maker is more or less familiar with 



80 

evaluation criteria that have been formalized from a routine task, the generation of 

alternatives becomes the more crucial part of the decision making process. In this 

case, the size of the alternative set is often large, and the criteria structure is 

relatively simple. In addition, rules and procedures to solve problems of this 

category are, in general, well-defined and could be automated without significant 

difficulties. 

2. Greater Emphasis on Preference Specification: More time and effort must be 

devoted to the specification of adequate criteria, when the decision task is more ill-

structured. Decision problems of this category are those that may result in 

significant financial loss for an organization, if a wrong decision is made. Decision 

makers in a group dealing with this type of problem are concerned about 

developing courses of action that they believe will really work. Because such 

courses of action will have to follow preference specification, group members will 

be able to deal with only those alternatives that substantiaily meet predetermined 

criteria. As a consequence, the number of alternatives that they generate will be 

fewer than those for the well-structured decision situation. In a case study! with the 

IThis case study was undertaken to observe the group processes involved in 
a series of meetings held by the Title XX Committee in Pima County Government, 
in which the committee consisting of nine individuals is to develop a feasible 
transportation program for the handicapped in the city of Tucson in order to cope 
with the problems of inefficient and ineffective operations of the existing 
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Title XX Committee in the Pima County Government, it was observed that the 

group had held more than four meetings to come up with appropriate criteria 

before starting to develop alternative plans. Through an iterative process, such a 

group elaborates and re-defines the criteria structure and the associated criteria 

elements until group members feel comfortable. 

Table 3-2. Differences between Well-Structured MCDM 
and III-Structured MCDM 
Source: Hong, Vogel, and Nunamaker (1988) 

Well-structured MCDM Ill-structured MCDM 

Nature of expertise Easily acquirable Fuzzy 

Attributes Quantitative-oriented Qualitative-orie nted 

Size of alternative Large Small 

set 

Task environment Static, predictable Dynamic, unpredictable 

Criteria analysis Relatively straightforward Extremely difficult 

Real-world examples Personal loan approval, 
Student admission, 

Commercial loan approval, 
Merger or acquisition, 

Apartment selection Hiring an executive. 

transportation program. A 2 million dollar fund was allocated to develop and 
implement a new transportation program. By the time that this dissertation has 
been written, the committee completed the identification of evaluation criteria, and 
presently is working to generate a set of feasible alternative programs. 
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This discussion of the two types of situations in which one phase dominates 

the other clearly shows that the sequence of the two phases is determined by a 

group depending on the nature of the choice problem it is trying to solve. Table 

3-2 illustrates a dichotomy of multi-criteria decisions in organizations with regards 

to a set of important attributes. Examining the characteristics of the two categories 

of multi-criteria decisions would enable the group to capture the idea of which of 

the two phases should precede the other. 

3.5 Levels of Decision Support for Choice and Judgment Tasks 

Our approach to assisting in managerial choice/judgment tasks is at two levels 

of support for a wide range of activities (See Figure 3-2). In this figure, the group 

decision process is shown to represent two major goals: (1) generation of a 

preference ranking and (2) generation of a consensus ranking. Because group 

members produce their own preference rankings for the alternatives, their 

preference ran kings must somehow be amalgamated to represent a group choice. 

These two types of goals are characterized by individual-oriented activities 

and group-oriented activities, respectively. Computerized support for such a 

decision process will basically require two corresponding levels of decision support: 

individual level support and group level support. The individual level support 

provided by the GnSS technology will help the group formulate and utilize personal 
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preferences to arrive at preference rankings. The group level support is intended 

to help the group smooth out individuals' preferences to determine the group rank

order. The idea of two-level support for group problem-solving is significant in that 

it makes it possible to distinguish between decision support systems (individual DSS) 

and group decision support systems (group DSS). It also provides a perspective on 

how various functions in traditional DSS can be incorporated into a GDSS. 

--------------
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CHAPTER 4 

MCDM GDSS SYSTEM ARCHITECTURE 

Using the framework presented in the previous section, system architecture 

for designing multi-criteria group decision support systems is developed. It 

integrates new features made available through knowledge management techniques 

and MCDM models with the essential functions existing in the traditional GDSS. 

Key emphasis is placed on the effective support of the data-level and knowledge

level aspects of group decisions. 

4.1 The GDSS Architecture 

Figure 4-1 shows a proposed system architecture that is intended to serve as 

a general model for design of a GDSS for supporting multiple criteria decision 

making in organizations. It consists of individual domain modules, group domain 

modules, the data base, and the knowledge base. The arrows indicate the sequence 

of activities, and the small boxes represent modules. The data base and the 

knowledge base provide data and knowledge to the modules contained in the two 

domains of tools. The dichotomy of modules (the individual domain and the group 
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domain) is based on the information requirements of the group (See Figure 4-2). 

The individual domain modules are to be used by individuals participating in a 

group meeting, while the group domain modules are operated by the group 

facilitator working with the group. 

One of the unique aspects of this architecture lies in the facilitation of 

preference manipulation and alternative evaluation processes through effective 

information management. The next section discusses major components included 

in the architecture. 
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4.2 The Components of the Architecture 

The components of the proposed GDSS architecture involve (1) individual 

domain modules, (2) group domain modules, (3) the knowledge base, and (4) the 

data base. Each component is described in light of its function and contents. 

4.2.1 The Individual Domain Modules 

These modules are used by individuals to define personal preferences, rate 

the alternatives, and assess the alternatives. They are designed to utilize the 

individuals' expertise in decision analysis. Three modules are involved in this 

category: preference acquisition, alternative rating, and alternative assessment. 

4.2.1.1 Preference Acquisition 

The preference acquisition module allows the participants to specify their 

personal preferences for criteria weightings and cutoffs. It is assumed that each 

participant involved in a meeting is an expert in the problem domain associated 

with the task. Thus, preferential information acquired from each individual should 

be treated as important because it can collectively shape the resulting decision 

outcome. For this reason, this module emphasizes that preferences are acquired 

and managed as personal and individual-specific knowledge. 

---------~----
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4.2.1.2 Alternative Rating 

The alternative rating module is concerned with determining alternative 

ratings in accordance with the predefined criteria structure. Alternatives are rated 

on the basis of how well each alternative meets individual criteria. The rating 

process is both subjective and objective, because it deals with both quantitative and 

qualitative attributes. For quantitative attributes, rating is a matter of entering the 

known values, whereas for qualitative attributes, rating involves subjectively 

determining the value of a measure on a 10 point interval scale or an aspect scale!. 

4.2.1.3 Alternative Assessment 

Finally, the alternative assessment module is designed to allow the decision 

makers to evaluate the alternatives and determine the relative strength of each 

alternative. Multi-criteria decision models can be retrieved from the knowledge 

base to assist the individuals in the evaluation process. The alternative assessment 

IThe aspect scale is one of the three scaling methods developed at the 
University of Arizona (See 5.3.1.1 for discussions on the three scaling methods). 
While the numeric scale is intended for scaling quantitative variables, the aspect 
scale, like the intelval scale, is used for scaling non-quantitative variables. At the 
outset of the group process, the group defines the aspect scale on a criterion, by 
identifying an exhaustive list of all possible aspects by which an alternative can be 
characterized on the dimension that is currently being set with the aspect scale. 
Rating under this criterion simply means choosing one or more among this aspect 
set. An example aspect set for the attribute of color includes {red, blue, white, 
black}. For a further explanation on the concept of aspect, refer to Tversky (1972). 

---- .---~---------------
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module results in a preference ranking of alternatives. 

4.2.2 The Group Domain Modules 

Four modules pertain to the group domain activities. These are criteria 

identification, criteria organization, preference aggregation, and consensus analysis. 

For each of these modules, the group will engage in collaborative activities 

appropriate to the interests of the group or the organization. Group members will 

approach the problem in terms of goals and objectives, collaboration, and 

consensus-building. 

4.2.2.1 Criteria Identification 

The role of the criteria identification module in the group decision process 

is to assist the group in collectively coming up with a long list of criteria by which 

they can rate and assess the alternatives. The group must make certain that each 

criterion addresses the problem under consideration and also touches upon the 

overall goals and objectives. 

4.2.2.2 Criteria Organization 

Through the criteria organization module, the group elaborates, structures, 

and arranges the generated criteria into a hierarchical tree. This organizing process 



91 

follows the top-down approach that was developed by software engineers to 

functionally represent complex software modules for designing a large application 

program. Thus, criteria are organized in such a way that key criteria are defined 

and identified for each of the nodes existing at a level; children nodes are 

associated with their parent node at each level of the hierarchy. This process 

continues in the same way for individual criteria untiIlowest level criteria cannot be 

further broken down. This criteria structure is then distributed to the work stations 

of all group members for them to specify preferences based on that structure. 

4.2.2.3 Preference Aggregation 

The preference aggregation module should permit the group to combine 

multiple preference orderings generated by the alternative assessment module into 

a single linear ordering for the group. Preference order is defined as an individual

specific list of considered alternatives that is ordinally arranged according to the 

individual's preferences (Hwang and Lin, 1987). Because various methods are 

available for aggregating the preference orders to convert them into a single order 

(for examples, see the literature on social choice functions), an aggregation method 

should be carefully chosen. A simple majority rule does not work in many 

situations, especially when there are more than two alternatives to choose from, 
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due to intransitivity2 in the preference relationships of the alternatives. 

4.2.2.4 Consensus Analysis 

Using the consensus analysis module, the group can analyze the dispersion 

of preference orderings to find the level of consensus reached among the group 

members. This tool helps tell the group's will and builds consensus around the 

decision. An examination of consensus patterns is extremely useful when the 

participants in a group want to reiterate the group decision cycle to find areas of 

significant disagreement and adjust their preferences relative to those of others. 

Some researchers (DeSanctis and Gallupe, 1987; Watson et aI., 1987) suggest that 

quality of decision and consensus are two independent tradeoffs that cannot be 

achieved simultaneously. Accordingly, because in many organizational settings there 

are instances when maximum consensus is more important than decision quality, a 

group may have to spend a significant fraction of time, reiterating the decision 

process to reach consensus. 

2Intransitivity of alternatives in this group context can be found in a situation 
where the voting results indicate that alternative B is preferred to alternative A, 
alternative C is preferred to alternative B, and alternative A is preferred to 
alternative C. In other words, A > Band B > C do not necessarily mean A > C. 
Rather, this situation is characterized by A > B, B > C, and A < C. Because of 
this intransitivity, the majority rule can yield a totally wrong outcome for the group. 
Majority rule is only useful when only two alternatives are voted for. 
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4.2.3 The Knowledge Base 

The knowledge base (KB) is a central component in the proposed 

architecture. Because we are concerned with a knowledge-based system for GDSS, 

not an expert system, the KB does not maintain expert knowledge but rather 

individual-specific preference knowledge. In addition to preference knowledge, the 

KB also has choice knowledge that involves different choice models. 

Two primary knowledge representation schemes can be used to provide a 

format for the knowledge needed to support the present architecture. First, a 

frame is used to represent preferential knowledge involving evaluation criteria, their 

weights, and their cutoffs. Multi-level criteria can be represented using a set of 

frames in a non-linear, hierarchical manner (see Hong et aI., 1988). This type of 

knowledge can be retrieved and used for repeated meetings by the same group. 

The second type of knowledge representation scheme uses production rules to 

maintain choice models and meta rules to activate the choice models. 

The following subsections discuss how a multi-level criteria structure can be 

internally represented hierarchically and describe three types of knowledge that can 

be incorporated in the knowledge base. 
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4.2.3.1 Hierarchical Representation of a Criteria Structure 

The traditional approach to helping the decision maker solve multi-criteria 

choice problems through a DSS involves having the system search the data base, 

apply some quantitative models to the data, and present a solution. However, this 

method is not likely to work well for such complex choice problems. To ensure 

effective support for behaviorally-grounded aspects of complex decisions, emphasis 

must be placed on a structural decomposition of the unstructured decision problem 

and on an effective manipulation of preference information. Such an emphasis will 

lead to a decision outcome that can be more convincing to the decision maker. In 

this subsection, it will be shown how a decision problem can be hierarchically 

represented and how the decision maker's preference information can be elicited 

and represented. A discussion of evaluation of alternatives concludes the 

subsection. 

The notion of strnctural criteria is borrowed from the Saaty's analytical 

hierarchy process (AHP) method to represent a choice problem in a hierarchy. The 

AHP is a multi-criteria decision method that uses hierarchic or network structures 

to represent a decision problem and then develops priorities for the alternatives 

based on the decision maker's judgments throughout the system (Saaty, 1987). 

Because it is based on a different rank-ordering of alternatives for choice making, 

only its problem representation scheme will be discussed here. (for details on the 
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AHP, see Saaty, 1987; Saaty, 1980). In the AHP, the goal of a decision is 

decomposed into specific criteria that are further broken down into lower levels as 

needed. 

The structural criteria concept is useful in analyzing complex decision 

processes that involve highly intangible criteria. An intangible criterion is broken 

down to lower, more concrete levels until it is operationalized or cannot be further 

itemized. In this manner it facilitates the information processing required by 

ill-structured decisions. A marketing executive hiring problem illustrates a realistic 

example of using structural criteria. As can be seen in Figure 4-3, the decision goal 

of hiring a highly competent candidate is, for simplicity, decomposed into such 

criteria as leadership, marketing expertise, and judgmental ability. The leadership 

criterion can be divided into subcriteria that include experience in years at 

managerial positions, communication skills, and leadership potential. The marketing 

expertise may be explained by a combination of factors such as educational 

background and claimed expertise, and the educational background is further 

divided into the final degree program completed and exposure to marketing courses. 

Finally, the judgmental ability criterion is indicated in subcriteria such as intuitive 

skills and analytical skills. Information sources can be located for the lowest-level 

criteria. The application form may provide information about experience in years 

at managerial positions and educational background (the degree and the relevance 

--------- ---_._-----------



Level 2 
Criteria 

Levell 
Criteria 

Level 3 
Criteria 

Decision 
goal 

(level 0) Hire the best 
candidate 
(mkt. exec.) 

Figure 4-3. Hierarchical Relationships among 
Individual Criteria 

96 

----- ----.... -~-~. ----------



97 

of major to marketing). The interview results tell about the communication skills 

and the claimed expertise. Recommendation letters or contacts with references may 

provide a basis for determining leadership potential, intuitive skills, and analytical 

skills. Alternatives in the hierarchy that are used in AHP are not included. 

4.2.3.2 Representation of Knowledge 

Hong, Vogel, and Nunamaker (1989) discuss three types of knowledge that 

need to be captured and maintained in the knowledge base. The first of these is 

preference knowledge that encapsulates objectives, constraints, and policy. They are 

grouped here as preference knowledge because they encompass the most important 

aspirations of the decision maker for organizational decision making. The second 

category is choice knowledge that is intended to guide the choice-making process. 

The third type of knowledge is meta-knowledge that governs the activation of rules 

of the choice knowledge. The preference knowledge is declarative, while the choice 

knowledge and meta-knowledge are procedural. Each of these three types of 

knowledge will be discussed as to its nature and representation scheme. 

Preference Know/edge 

Three key elements of preference knowledge are (1) evaluation criteria, (2) 

criteria weights, and (3) cutoffs. These elements are elicited from the decision 
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maker through a guided dialogue. The most appropriate scheme for representing 

the preference knowledge is a frame that can adequately support the representation 

of template and hierarchical knowledge. It should be recalled that a decision 

problem can be decomposed into hierarchical or structural criteria. As shown in 

Figure 4-4, a frame contains slots (name, level, weight, and lower-level criteria) 

associated with the primary decision goal, and each slot has related subordinate 

slots, etc. The lowest-level criterion frame, the final degree program completed, has 

the same format as the frames above it except that it specifies a cutoff instead of 

lower-level criteria. Weights of subcriteria related to a criterion at each level should 

total to 1; that is, a weight of a criterion is relative to the weights of other related 

criteria at the level. The frame-based knowledge representation can accommodate 

any size and possibly any complexity of criteria structure existing in ill-structured 

decision problems. Thus it can support the structure of multi-level criteria. In 

addition, it possesses a certain degree of inheritance that is a feature central to the 

semantic inheritance network. That is, each frame is inherited with the properties 

(e.g., the weight) of the frame above it. 

Choice Knowledge 

Choice knowledge includes a group of the aforementioned choice models that 

can be retrieved and executed during the decision aiding process. Therefore, choice 
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knowledge simulates human cognitive processes involved in general choice-making. 

Production systems have proved quite useful in modelling cognitive processes 

(Newell and Simon, 1972; Klahr, 1976; Anderson, 1976; Thorndyke, 1977). These 

production systems use a set of production rules, each of which consists of the 

antecedent to recognize whether the condition is true and of the consequent to acl 

when the condition is true. Procedural operations required by choice knowledge 

can be represented using such production rules. Each model contains a set of 

if-then rules that can collectively determine a most preferred alternative for the 

decision maker. For example, for a conjunctive model: 

IF cutoff_exists (crit(l)) AND 

value (altemative(l), crit(l)) < cutoff(crit(l)) 

THEN fail (altemadve(l)) AND 

prepare (altemative(2)). 

Crit(l) is a variable that contains a criterion read from the preference knowledge 

base file, and cutoff(crit(l)) is a cutoff value for the criterion crit(l). Value 

(alternative(l), crit(1)) holds a value of an alternative on the criterion crit(l). If the 

condition turns out to be true, two corresponding actions, fail and prepare, are 

performed that will eliminate the alternative under consideration and retrieve the 

next alternative to process. According to Waterman and Hayes-Roth (1978), a 

pattern-directed inferencing approach, especially a rule-based systems approach such 
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as the one described above, provides the following advantages from a programming 

point of view: (1) separation of permanent knowledge (e.g., choice knowledge) from 

temporary knowledge (e.g., data on the alternatives), (2) structural independence 

of rules, (3) facilitation of functional independence among rules, and (4) possible 

support for various control schemes. 

As far as knowledge maintenance is concerned, while the preference knowledge 

is somewhat dynamic (i.e., can change over time), choice knowledge is stable 

because these models function as a framework for incorporating the decision 

maker's personal preference. 

Meta-knowledge 

The role of meta-knowledge is to describe how knowledge should be 

activated or how alternative actions should be selected and executed (Hayes-Roth 

and Waterman, 1978). In the context of an MCDM DSS for supporting 

unstructured decisions, meta-knowledge should function to determine through a 

dialogue with the user what choice models should be activated in what sequence. 

As in choice knowledge, production rules can be used to represent meta-knowledge. 

Intelligent detection of user needs at various phases of the decision process will lead 

to selection and execution of appropriate models. 
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4.2.4 The Data Base 

Two types of information, problem-specific data and organization-specific 

data, can be contained in the data base. Problem-specific data includes information 

on existing alternatives. For example, the cost, expected return, etc. for several 

investment plans can be recorded in the data base. Furthermore, the data base will 

store organization-specific data in order to meet the information requirements of 

organizationwide activities during the group decision processes. The two types of 

data categories that should be captured in the data base are discussed below. 

4.2.4.1 Problem-Specific Data 

A primary information category that need to be recorded and maintained in 

the data base is data that are dependent upon decision problems. Thi~ type of data 

is created and stored in relation to the collaborative decision processes for a certain 

decision problem. Examples of problem-specific data include a criteria structure, 

criteria scales, thresholds, weightings, alternative ratings, individuals' preference 

orders, the group's preference order, and consensus patterns. 

In general, problem-specific data is not transferred from one group decision 

process to another, because the data is unique to the group environment in which 

the meeting is held, and possesses characteristics of the group, the task, the 

atmosphere, and other meeting-related variables. 
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4.2.4.2 Organization-Specific Data 

Organization-specific data is also a significant source of information for 

meetings, especially when the meeting necessitates an intensive use of organization-

level information such as accounting data, payroll data, and other general data that 

may not particularly pertain to the decision problem. For example, the graphical 

display of sales records for the past 10 years in a public screen would not directly 

relate to the problem in hand, but it may indirectly affect the group decision. 

Information sharing capability (Huber, 1987) should be emphasized in 

managing organization-specific data. Important organization-related information can 

be shared by members of a group or by various interest groups within the 

organization. One can find the significance of maintaining organization-specific data 

in George Huber's statement: 

" ... the group can decide during the meeting that it wants to see data 
contained in the organization's database and can, in real time, have 
its chauffer retrieve and display the data on the public screen so that 
the facts can be collectively known." (Huber, 1984, p.200) 

This statement highlights the importance of information that may not be directly 

specific to the present decision problem, but that can usefully assist the group in 

performing decision analyses. For this reason, dynamic access to the organization-

specific data must be provided to the group members in order to support any 
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instanteneous information requirements. 

4.3 The Applicability of the Architecture 

The system architecture described above serves as a general model for the 

design of GnSS software. The intended domain of the architecture is collective 

choice making among competing alternatives in a managerial decision making 

environment. The architecture can be applied to designing group decision support 

systems for dealing with diverse real-world problems such as choosing investment 

plans, determining the approvability of commercial loans, selecting among 

prospective faculty members, and so forth. 
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The system architecture proposed in the previous chapter has been 

implemented on an operational prototype and fully tested at the University of 

Arizona. In the present chapter, we describe how the prototype has been 

developed to demonstrate the feasibility of the architecture. 

A prototype is designed to provide fast implementation of design ideas, 

immediate feedback on the feasibility of the ideas, and facilitation of the whole 

implementation process (Nunamaker et al., 1988). Prototyping has evolved in the 

discipline of software engineering and has been recognized as an effective research 

approach at development and evolution phases (Wasserman, 1983). 

A prototype system that implements the system architecture used in this 

research has been developed on the existing GDSS in the UA Planning and 

Decision Laboratory. It is intended to expand and improve the functions and 

strengths of the University of Arizona GDSS, rather than replace it. 

The following sections discuss design principles, present a general system 

overview, describe major functionalities of the prototype, discuss each of the 

~~-------------~---~-----------
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developed tools for this prototype, present a sample session scenario showing how 

a GDSS session might be run using the developed tools, and conclude with a 

summary. 

S.l Design Principles 

In order to address the research problem and research issues presented in 

Chapter 1, a set of design principles were identified that had to be incorporated 

into the prototype. 

1. The system must assist a group in specifying and formulating their 

preferences in a consistent and complete manner. 

2. The system must provide flexibility to preference management, so that 

preferences of group participants may be dynamica]]y modified both within and 

across group meetings. 

3. Choice strategies must be integrated into the system so as to support both 

rational and irrational decision styles of decision makers. 

4. The system must provide various scaling methods that wi]] a]]ow a group 

to freely choose an appropriate scale for any type of attribute. 

5. The system must help a group hierarchica]]y decompose a decision 

problem into a tree in order to reduce the problem complexity to a manageable 

level. 
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6. The frame-based knowledge representation scheme must be implemented 

to permit the support for hierarchical relationships among structural criteria. 

7. The semantic inheritance network technique must be employed to derive 

the alternative rating of a parent node from the properties existing in its children 

nodes. 

8. A preference aggregation procedure must reflect as accurate opinions and 

preferences of individual decision makers as possible; for example, a cardinal 

preference order must be used instead of an ordinal preference order. 

9. Consensus patterns must be analyzed using the concept of distance: i.e., 

the level of discrepancy between each voter's preference order and the group norm. 

5.2 System Overview 

Five key modules have been developed: (1) Criteria Specification, (2) 

Preference Acquisition, (3) Alternative Rating, (4) Alternative Assessment, and (5) 

Preference Aggregation. These modules have been integrated into the existing 

PLEXSYS GnSS environment at the University of Arizona in such a way that the 

Criteria Specification and Preference Acquisition programs are categorized as 

facilitator programs while the Preference Acquisition, Alternative Rating, and 

Alternative Assessment programs are categorized as participant programs. Once 

a group session is initiated, the Criteria Specification is selected from the PLEXSYS 
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facilitator menu. The three participant programs are then selected in sequence 

from the PLEXSYS participant menu. Finally, the Preference Aggregation program 

is activated from the PLEXSYS facilitator menu. Activation of these programs is 

governed by the group facilitator. 

Any input and output files pertinent to a specific group session are stored 

in several directories of the network drive. It is possible to save a record of the 

complete session by transferring all relevant files to a high-density 3.5" floppy drive 

for subsequent use, when the group wishes to resume an unfinished decision making 

process or wants hardcopies from the output files. Two categories of files are 

generated from each session: knowledge files and data files. Knowledge files 

contain information on the criteria structure and preferential knowledge of 

participants in the meeting, whereas data files are associated with aggregated results 

of participants' preferences. Because knowledge files are transferrable from session 

to session for the same categories of decision problems, they can be reused for 

other sessions, assuming that the same group composition is maintained. 

5.3 Functionalities of the Prototype 

As has been discussed in an earlier chapter, two levels of decision support 

(individual-level and group-level) are important in supporting group meetings. 

These are also central to the prototype tools, which also can be broadly categorized 
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into individual-level support tools and group-level support tools. Below, we will 

briefly discuss the major characteristics of each group of tools. 

First, key functions of the individual-level support tools are: 

1. Facilitation of preference acquisition. These tools center around facilitating the 

process of acquiring personal preferences of the group members. It is not 

uncommon to find a group of decision makers in a situation where they doubtfully 

ask themselves: "Well, what should be the complete list of factors that must be 

taken into account?", "Our problem solving process will become easier if a structure 

is provided to our problem", "I don't know how I can cope with extremely complex 

criteria that will be involved in the problem", "How can we deal with the relative 

importance of each evaluation criterion?", "Are there any constraints that will limit 

our choices, such as government regulations, policies, and budget limits?" and so 

forth. 

2. Support for multi-level (hierarchical) criteria representation. As the present 

dissertation focuses on high-level managerial choice problems, the prototype has 

been designed to support flexible representation of multiple levels of criteria that 

are commonly required by intricate decisions. Many organizations today observe 

that semi-structured or ill-structured choice problems cannot be readily dealt with 

using a linear representation of criteria. 

3. Partial automation of the altemative evaluation process based on constraints, 
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preferences, and computed altemative utilities. Although it is realistically impossible 

or even unnecessary to automate the high-level managerial decision making 

processes, it is feasible to automate part of the alternative evaluation process by 

using the proposed approach. 

Second, functions for group-level support tools involve: 

1. Generation of an agreed-upon criteria structure. These tools....feauu;e the facilitation 

of building a hierarchical criteria structure that the group members agree on. This 

function allows the group to narrow down the diversity of each group member's 

beliefs about what should be taken into consideration in reaching a decision. It also 

helps the group to see the problem in a more homogeneous manner. 

2. Measuremellt of consensus among participants. The group-level support tools assist 

the group in viewing and interpreting the way that the opinions of the group 

participants are dispersed. It does so by measuring the distance between the group 

ranking and the individual preference rankings. This consensus analysis function is 

somewhat different from the traditional method of measuring consensus. These 

tools analyze consensus from two aspects. They allow the group to perceive both 

disagreement by alternatives and disagreement by voters. The disagreement by 

alternatives indicates how much disagreement voters show for each alternative. On 

the other hand, the disagreement by voters indicates how strongly each voter 

disagrees with the different alternatives. 
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3. COllSellSUS building through back-tracing. The system has the capability of tracing 

back the information that has been recorded during the session. For example, when 

the group observes that there is a significant degree of variance in the preferences 

for alternative A, the system can check individuals' preference files to see how they 

rated the alternatives. The group's understanding of the consensus structure will 

provide the group with feedback information which, in turn, may help them learn 

what are the areas of disagreement and thus help them reach a consensus. 

5.4 Developed Tools to Support Group Choice Making 

The conceptual view of the functional activities supported by the developed 

tools can be depicted as the hierarchical structure shown in Figure 5-1. It divides 

the system into several functional modules that are further broken down into 

smaller submodules, as prescribed by the structured design methodology. 
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Table 5-1 lists six major tools contained in the prototype, and shows input, 

process/activity, and output associated with each tool. Activities supported by these 

tools are performed in sequence, and the output of one tool is fed into the next 

tool as an input. Represented as a cycle, this set of group choice support tools 

assists the group in building and organizing evaluation criteria, formulating 

individuals' preferences, rating the alternatives under each criterion, assessing the 

alternatives selectively, determining the group choice, and analyzing the consensus 

structure in the voting results. 

5.4.1 Preference Specification Tools 

These tools are designed to elicit and formulate individuals' preferential 

information associated with evaluation criteria. Each participant generates a set of 

criteria, and the group collectively determines the criteria along with their preferred 

scales. 

5.4.1.1 Criteria Organization 

This tool helps the group acquire and structure the evaluation criteria. Being 

a template of preference knowledge, this information is elicited from the group in 

such a way that everyone in the group agrees with it, and it is stored in the 

knowledge base using the frame-based knowledge representation scheme. Section 



Table 5-1. Input, Process, and Output for Developed Tools 

1. Criteria Organization Tool 
Input : A linear list of exhaustive decision criteria 
Process : Hierarchical organization of criteria 
Output : A file of structural criteria 

2. Preference Acquisition Tool 
Input : Structural Criteria 
Process : Acquisition of individuals' preferences 
Output : A frame-based file of preference information 

3. Alternative Rating Tool 
Input : Preference information 
Process : Elicitation of alternative ratings under each 

of criteria at all levels of the hierarchy 
Output : Spreadsheet files of ratings 

4. Alternative Assessment Tool 
Input : Alternative ratings & preference information 
Process : Assistance in each individual's development 

of a preference ordering of alternatives 
Output : Individual-specific preference orderings 

5. Preference Ordering Aggregation Tool 
Input : Multiple preference orderings 
Process: Combining voters' preference orderings into a 

single, group ordering (Votes analysis) 
Output : A consensus ranking 

6. Consensus Analysis Tool 
Input : Multiple preference orderings & the consensus 

ranking 
Process : Analysis of how much agreement there was and 

of how distant preference orderings are to 
consensus ranking 

Output : Matrix displays of results for the group. 

114 
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4.2.3.2 for further discussion of the representation of preference knowledge in the 

knowledge base. Basically, the Criteria Organization tool allows participants to 

build the decision criteria of a hierarchical structure. At each stage, a participant 

lists a set of criteria specific to the current level, and a list of subcriteria for each 

criterion is focused on. In tillS way, an initially complex decision problem can be 

effectively represented in multiple levels. 

Once all criteria are specified into a hierarchical tree, the next step is to 

define appropriate scales for the individual criteria. The primary purpose of 

defining criteria scales is to allow group participants to rate the alternatives under 

each criterion in the subsequent phase (the alternative rating program). Through 

the criteria scales, the characteristics of an alternative can be described in a unique 

manner. The criteria organization tool provides three different scales to choose 

from: (1) the numeric scale, (2) the interval scale, and (3) the aspect scale. Each 

scale is described below: 

The Numeric Scale: The numeric scale is used to represent quantitative attributes 

with associated unit names. Examples of attributes for this category include 

consumed time (in hours, minutes, or seconds), annual sales volume (in dollars), 

number of occurrences (in count), GMAT scores (in percentile), length of industrial 

experience (in years), automobile's interior space (in cubic feet), and gas mileage 
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(in miles per gallon). Selection of this scale will require specification of information 

on the unit name, the expected range of likely values (upper and lower bounds), 

whether a benefit attribute or a cost attribute, and whether judgmental or known. 

The unit name indicates the name of a unit with which an attribute can be 

quantified, such as dollars, years, hours, etc. The expected range of likely values 

is based on the decision maker's prediction on what range most of the values for 

the existing alternatives will fall in, and is needed to subsequently determine the 

interval equivalents (1 to 10) of the present values indicated in the numeric scale. 

A criterion is classified into either a benefit attribute or a cost attribute depending 

on whether the attribute positively contributes to the accomplishment of decision 

objectives. Finally, the decision maker must specify whether an attribute is 

judgmental or known; a judgmental attribute requires a personal judgment in rating 

an alternative, whereas data is already available for a known attribute. 

The Interval Scale: A majority of qualitative attributes are represented using the 

interval scale. The interval scale used in the current prototype is similar to the 

Likert scale, but uses 10 points in the range from 1 to 10. In the interval scale, 1 

and 10 are assigned to least desirability and most desirability respectively, and any 

intangible characteristic of an alternative can be indicated on a 10-point continuum 

with a value between the two extremes (1 and 10). 



117 

The Aspect Scale: The aspect scale is a substitute for the interval scale, which can 

also be used to indicate the characteristic of an alternative under a qualitative 

criterion. The aspect scale, however, employs a set of descripti'le aspects to 

characterize an alternative. The aspect set being specified for a certain criterion 

should contain an exhaustive list of possible aspects. For example, the set of 

aspects for a criterion, the final degree completed, might be high school diploma, 

bachelor's degree, masters degree, and doctorate. In another example, the set of 

aspects for a teaching effectiveness criterion might include highly effective, somewhat 

effective, average, somewhat ineffective, and highly ineffective. These are some of 

simplistic examples, and the decision-making group can design any sophisticated 

aspect scale in accordance with the.ir needs. Once the aspect set is determined, 

rating an alternative under that criterion will be simply a matter of choosing one 

from the available aspects, facilitating the alternative rating process. 

5.4.1.2 Preference Acquisition 

Using the Preference Acquisition tool, the group specifies individual-specific 

preferential information including criteria weightings and cutoffs. The tool helps a 

participant assign weights to the criteria at each level of the hierarchy. It is 

necessary that weights for a list of the subcriteria of any criterion should sum to 1. 
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The other type of information acquired through the preference acquisition 

tool is cutoffs or thresholds on selected criteria. The purpose of this information 

is to elicit from the decision maker facts on constraints or requirements that will 

constrain the choice of a solution by the decision maker. Cutoffs fall into one of 

three categories: (1) numeric cutoffs for quantitative variables, (2) ordinal cutoffs 

(on a lO-point scale) for qualitative variables, and (3) required aspects (e.g., certain 

acceptable colors or geographical areas) for qualitative variables. 

5.4.2 Alternative Evaluation Tools 

Alternative Evaluation tools are classified into two categories: Alternative 

Rating and Decision Analysis tools. While the Alternative Rating tool is designed 

to enter the known data for the alternatives or determine how well each alternative 

meets the criteria, Decision Analysis tools, contained in the alternative assessment 

program, are geared to assist in individualized decision analysis at each work station. 

Decision Analysis tools are primitive decision support tools that individuals can use 

to generate their own lists of prioritized alternatives. Components that will be 

incorporated into this module involve MCDM (multi-criteria decision making) 

models, a general-purpose spreadsheet program, and a what-if scenario analysis tool. 

Each of these tools can be freely activated by individuals, depending on their own 
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needs. 

5.4.2.1 Alternative Rating 

The group uses an Alternative Rating tool to enter the already known data 

for each of the alternatives under those criteria that have been given either a 

numeric scale with a corresponding unit name or an aspect scale. For example, 

known numeric values can be typed in under a criterion annual sales volume (unit 

name = dollars). 

In addition, the group can also use the tool to make a subjective assessment 

of how well each alternative satisfies the individual criteria. This subjective 

assessment of the alternatives is usually made within qualitative dimensions that are 

represented on a 10-point interval scale. 

5.4.2.2 MCDM Models 

These are choice models with which an individual can choose among 

available options. Although a host of MCDM models have been developed by 

researchers, only seven fundamental models will be incorporated into the prototype 

system: the additive model, the additive difference model, the dominance model, the 

conjunctive model, the disjunctive model, the lexicographic ordering model, and the 

elimination-by-aspects model. These models were implemented using programming 
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statements instead of production rules. The next generation of the prototype will 

implement the choice knowledge with production rules (Section 4.2.4 provides 

further discussion of the representation of choice knowledge in the knowledge 

base). 

5.4.2.3 Spreadsheet Program 

The Spreadsheet Program that had been developed for a decision support 

system at the MIS department was transferred and incorporated into the prototype 

GnSS to provide support for computational and numerical data analysis needs. It 

is a pop-up window spreadsheet program that uses a relatively small amount of 

memory and affords worksheet dimensions up to 14 rows by 50 columns. Any quick 

calculation or display of numeric entries can be supported. This spreadsheet 

program shell is also used to manipulate alternative ratings for running the choice 

models, providing a major interface for system-user interactions in a model 

execution. 

5.4.2.4 What-if Scenario Analysis 

A What-if Scenario Analysis tool (WSA) is useful when a decision maker 

desires to simulate decision outcomes. For example, he or she may wish to know 

what would happen if an alternative had a value Y instead of a value X on a 

----------------------------
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certain dimension. The what-if scenario analysis function is supported in 

conjunction with the choice models. Given a model, it can predict the decision 

outcome with arbitrarily entered input values (i.e., alternative ratings) for one or 

more attributes. 

5.4.3 Preference Aggregation Tools 

5.4.3.1 Preference Ordering Aggregation 

A Preference Ordering Aggregation (POA) tool allows the group facilitator 

to determine a social choice based on the results of voting by the group members. 

The social choice is determined using a modified version of the Borda's function 

(Fishburn, 1973), one of the preference aggregation methods. Preference 

aggregation methods are rooted in the social choice functions that normally use a 

quantitative approach to combining individuals' preferences. The group can review 

the results yielded by the built-in social choice function to get a picture of how 

dispersed the preference orderings of the group are. 

Before discussing the way the system aggregates individuals' linear orderings 

into one group ordering, a brief description of how the Borda's function works will 

be presented. The Borda's function is a rank-order based method of determining 

the preference ordering for a group (Hwang and Lin, 1987). In an m-alternative 

situation, first rank, second rank, third rank, ... , and last rank are assigned marks of 
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m-l, m-2, ... , and 0 respectively. The Borda score is calculated for each of the 

alternatives as follows: 

1) Multiply the count of each vote category by the mark assigned to the rank 

of the alternative in that vote category. 

2) Add up the individual results for different vote categories to find the 

Borda score for an alternative. 

3) Repeat the process for other alternatives. 

To illustrate the Borda procedure, consider the situation where the voting results 

are summarized as follows: 

- 23 votes for the preference order, al P a2 P a31• 

- 17 votes for the preference order, a2 P a3 Pal. 

- 2 votes for the preference order, a2 Pal P a3. 

- 10 votes for the preference order, a3 P al P a2. 

- 8 votes for the preference order, a3 P a2 Pal. 

Given these votes of a group, Borda scores for the alternatives are calculated as 

shown below, by assigning 2, 1, and 0 points to the first-ranked, second-ranked, and 

third-ranked alternatives respectively: 

tal P a2 P a3 denotes a preference relationship among the three alternatives 
(aI, a2, and a3), in which al is preferred to a2, and a2 is preferred to a3. The 
letter 'P' is a symbol to indicate the preference relation between two alternatives. 



Borda score for a1 = 2x23 + lx(2+10) + Ox(17+8) = 58 

Borda score for a2 = 2x(17+2) + 1x(23+8) + Ox(10) = 69 

Borda score for a3 = 2x(10+8) + 1x17 + Ox(23+2) = 53 

123 

These results suggest that the group preference ordering be a2 P al P a3, as 

indicated in the magnitudes of Borda scores for the three alternatives. Borda scores 

signify the overall strength of each alternative in comparison with other alternatives. 

Thus, they represent a sum of the votes in which an alternative is preferred to the 

other alternatives. The evaluation of the vote structure is based on the pairwise 

comparison of alternatives. 

For the prototype, a modified version of the Borda's function was used. As 

the Alternative Assessment program produces a preference order for each 

individual, multiple preference orders must be combined using the Preference Order 

Aggregation program. It should be noticed, however, that the linear order 

generated by the Alternative Assessment program is a cardina[2 preference order, 

not an ordinal list of alternatives that is yielded by most of other rank-ordering 

21t is important to distinguish the two terms, cardinal and ordinal. An ordinal 
preference order simply indicates the rank order of alternatives, showing which is 
more important than another (e.g., A3 PAl P A2). On the other hand, a cardinal 
preference order illustrates differences in strength among the existing alternatives; 
its advantage is the ability to capture the information on each decision maker's 
allocation of preferences to the alternatives. When they are aggregated, cardinally 
created prioritized lists should provide much more accurate information on the 
preference patterns of the group members. 

----~------~------------
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methods. That is, the preference order contains more information (e.g., numerical 

indication of how strong each alternative is) than a simple prioritized order that is 

generated through the Borda's function. It represents an order by indicating the 

relative percentage of each alternative; e.g., a1(45%) P a2(30%) P a3(25%). The 

approach taken therefore was to sum the percentage figures for each alternative 

category across multiple preference orders. Suppose that the above shown voting 

results turned out: 

- 23 votes for the preference order, a1(50%) P a2(30%) P a3(20%). 

- 17 votes for the preference order, a2(45%) P a3(40%) P a1(15%). 

- 2 votes for the preference order, a2(60%) P a1 (30%) P a3(10%). 

- 10 votes for the preference order, a3(50%) P a1(30%) P a2(20%). 

- 8 votes for the preference order, a3(55%) P a2(25%) P a1(20%). 

Based on these figures, alternative-specific scores can be computed by adding the 

percentage figures as follows. 

Score for a1 = (SOx23) + (lSx17) + (3Ox2) + (3Ox10) + (2Ox8) = 1965 

Score for a2 = (3Ox23) + (45x17) + (6Ox2) + (2OxlO) + (2Sx8) = 1975 

Score for a3 = (20x23) + (4Ox17) + (10x2) + (5Ox10) + (55x8) = 2090. 

Thus, the social preference order should be a3 P a2 P a1. In fact, the information 

presented to the group as a result of preference aggregation does not show these 

sums, but rather lists the mean and standard deviations of each individual 
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alternative. For example, the means for the three alternatives would be 655.0000, 

658.3333, and 696.6667 respectively. Tnese means are calculated by dividing each 

sum by the number of voters, in this case 3. Standard deviations in the distributions 

of percentage figures of the individual alternatives provide information on how 

widely preference orders are dispersed. 

5.4.3.2 Consensus Analysis 

A Consensus Analysis (CA) tool is designed to help the group better 

understand and interpret the structure of their voting results. Group members will 

be able to capture information regarding how much their individual rank orders 

converge toward the consensus ranking and how widely the preference order finally 

selected for the group is divergent from individuals' rank orders. There are two 

aspects of consensus to be examined: distance-by-voter and distance-by-alternative. 

These two concepts pertaining to group consensus are discussed below. 

Distance by Voter 

First, the distance by voter needs to be taken into consideration. This is a 

measure of how much agreement there is among individuals as to the ranking of 

alternatives. It thus indicates how large a standard deviation exists in the ranks of 

each alternative; i.e., dispersion/concentration of ranks. More specifically, the 
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distance-by-voter measure is an indicator of how widely a particular voter's overall 

ratings for different alternatives deviate from the group norm. This method 

determines the degree of consensus among group members, in percentage, by 

measuring the distance (or disagreement) between the consensus rankings and 

individuals' preference orderings for each alternative and by adding up the distance 

coefficients. Since the sum is an indicator of disagreement, it also implicitly tells 

how much consensus exists. This process should help the group reach a higher 

degree of consensus. 

To illustrate the concept of distance-by-voter, the following example shows 

a distance-by-voter table generated by the Consensus Analysis tool when five 

individuals cast their votes. 

Voter #1: 13.192 

Voter #2: 12.808 

Voter #3: 33.756 

Voter #4: 27.456 

Voter #5: 16.632 

Each figure represents a sum of differences between a voter's preference order and 

the group's preference order. This table shows that voter #3 sharply deviates from 

the norm of the group with the highest distance-by-voter index. That is, voter #3's 

view on the prioritization of the alternatives is most different from the group norm 
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than the views of the remaining voters of the group. In such a situation, the system 

has the capability of tracking down the individuals' alternative ratings to see with 

which particular alternatives the voter had significant disagreement and in hopes for 

possibly removing barriers to consensus through the group discussion of the 

problem. On the other hand, the table shows that voter #2's preference order 

conforms to the group norm more than those of any other voter, with the distance

by-voter index of 12.808. 

Distance By Altemative 

The other measure pertaining to consensus is the distance-by-alternative 

concept, which indicates to what extent the group members have differing opinions 

on the priority of a particular alternative. While the distance-by-voter measure is 

an indicator of proximity among the prioritized orders of the voters, the distance

by-alternative measure is an indicator of proximity among the voters pertaining to 

the relative importance of each alternative. The larger the distance-by-aIternative 

figure for an alternative, the more disagreement there is as to how important it is 

to the group members. 

For an illustration of the distance-by-alternative concept, the following 

distance-by-alternative indices are given: 

Alternative #1: 16.428 
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Alternative #2: 27.644 

Alternative #3: 20.544 

Alternative #4: 16.776 

Alternative #5: 22.472 

Each index indicates a sum of differences between priority percentiles allocated by 

voters and the group norm for each alternative. This example suggests that the 

voters expressed most differing ideas on the priority of the alternative #2 (index = 

27.644), while they showed the least disagreement in their preferred priority for the 

alternative #1 (index = 16.428). 

What this means is that the distance-oriented approach to the analysis of 

group consensus provides rich information, permitting examination of consensus 

patterns of voting results from two different angles. 

5.5 Sample Session Scenario 

The scenario of a sample GDSS session for a choice problem is outlined in 

Table 5-2. The left-hand column shows the tools to be used, and the right-hand 

column indicates activities to be performed by the group using the corresponding 

tools. Steps involved in using these tools are: 

1. The group uses the EBS tool to stimulate their idea generation and 

expand the scope of their thinking, and the discussion focuses on the given decision 



Table 5-2. (\ Sequence of T~ols and Supporting Activities 
In a Sample SessIon Scenario 

Tools Supporting Activities 
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EBS Exchange and generation of ideas on important 
factors to consider 

Idea Organizer Consolidation and identification of evaluation 
criteria 

Criteria Organization Hierarchical organization of linear list of 
criteria; Definition of criteria scales 

Preference Acquistion Specification of preferential information 
at an individual level 

Alternative Rating Determination of alternative values under 
each criterion 

Alternative Assessment Assessment of alternatives; 
Determination of a preference order 

Preference Aggregation Combination of multiple preference orderings 
into a group ranking 

Consensus Analysis Analysis and display of consensus patterns 
in the voting results 

~- ~-----------
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task. Basically, the function of this tool in the context of group choice/judgment 

tasks is 'associative' in nature, because the observation of one idea triggers another 

idea associated with it, creating chains of ideas. Through this process, the group 

can ensure that they have touched upon all aspects pertinent to their problem. 

2. The Idea Organizer tool, also available in the VA GDSS tool library, is 

used to screen a large number of rough ideas to select a set of clearly defined ideas. 

As a consequence of screening the initial ideas, a linear list of important evaluation 

criteria is generated. 

3. The facilitator uses the Criteria Organization tool to organize the linear 

criteria list into a hierarchical structure and also to determine the scale for each 

criterion (e.g., dollars, time in seconds, interval scale, etc.). 

4. The generated structural criteria is distributed to all group members as 

a file via the network, and the Preference Acquisition tool is activated to allow the 

individuals to specify their preferential information for the criteria. 

5. The next step is to use the Altemative Rating tool through which 

participants can give an alternative rating under each of the criteria at all levels of 

the hierarchy. The group either enters the known values or determines how well 

criteria are met for the individual alternatives. 

6. Individuals will then use the Altemative Assessmelll tool to evaluate 

alternatives and reach a decision. The Alternative Evaluation tool assists the 



131 

participants in simulating decisions and determining their own preference rankings 

of alternatives based on multi-criteria decision making models. 

7. When all individuals' preference rankings have been collected through the 

network, the Preference Ordering Aggregation tool is activated to combine the 

multiple orderings into a social preference order. The group views the summary 

results of preference aggregation that include (1) the mean of each alternative 

representing its relative priority (in percentile) and (2) the standard deviation of the 

alternative. 

8. To tell the degree to which agreement on the group decision has 

occurred, the Consensus Analysis tool is executed and the results are displayed for 

the group to view. Depending on tIle degree of disagreement in the voting results, 

group members may either accept the system-recommended social order and 

terminate the group process or identify their potential areas of disagreement, discuss 

the problem and, if necessary, reinitiate the group decision process. 

Although this sample scenario shows how a typical GDSS session might be 

run, there could be many variations of circumstances under which actual group 

meetings supported by the prototype might take place. For example, a meeting 

could be stopped because of a time constraint after a few tools had been run. In 

this case all data and knowledge files pertaining to the meeting could be saved on 

a secondary storage device so the session could be resumed on a future date, 
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exactly at the point where the session was previously stopped. A second form of 

a meeting that could take place would be one in which one tool would be used 

repeatedly until the group arrived at a satisfactory outcome. A third variation 

relates to a cybernetic decision situation (Schoderbek et al., 1980), where the group's 

observation of the outcome of one tool would lead back to any of the previously 

run tools to make necessary adjustments, especially when a negative outcome is 

observed. This type of meeting illustrates the self-adjusting process) that is a central 

idea in a feedback control system (Schoderbek et al., 1980, p. 65). 

5.6 Summary 

The prototype described in this chapter partially represents the conceptual 

architecture of this dissertation. This chapter discussed the prototype primarily at 

the functional level, and the reader might want to refer to Appendix C for a more 

complete review of each tool in the prototype system; it provides a general 

overview, input files, participants' tasks, output files, and walkthroughs with sample 

screens. 

3In a feedback control system, the output of a process provides feedback 
information that is then fed into the system as input. As the system is monitored 
through feedback, efficiency and effectiveness will be increased in the process, 
because the process performed in the system adjusts to the optimum level of 
operation via the effective communication of information between the input and 
output components. 
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Because it is a first-generation prototype system, the software has limitations 

with respect to its capability to support real-world managerial problems. For 

example, the number of alternatives that can be handled is confined to 10, so that 

a group would have to reduce its initial set of alternatives to 10 or fewer items, 

either by grouping similar categories or by screening out unimportant items. The 

next generation prototype will be equipped with an advanced set of functions. 



CHAPTER 6 

PROTOTYPE VALIDATION 
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Validation of a prototype in problem solving contexts is an essential part of 

the software engineering methodology. It ensures that the system does what it is 

supposed to do and operates in the way it is intended to. Prototype validation 

includes three levels of testing: (1) system verification, (2) functionality test, and (3) 

empirical test. 

The major focus of this dissertation is on proposing a new approach for 

GDSS design and on demonstrating a prototype that implements such an approach 

in order to show its functionalities within the supporting theoretical foundation. 

Therefore, the scope of system validation for the dissertation has been limited to 

sysiem verification and the functionality test. The prototype has been tested at the 

system level for the verification of the system. The functionality test was conducted 

in the form of a qualitative study in which two different groups of likely users of 

such a GDSS system were asked to provide feedback including strengths, criticisms, 

suggestions, and other comments regarding the prototype system. In Section 6.3, 

a research plan is described that ilJustrates how the system could be empirically 
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validated in a controlled laboratory experiment. All three levels of testing are 

discussed in this chapter. 

6.1 System Verification 

The primary aim of system verification is to test the system to see if it works 

in the way it is intended to. In other words, the system verification process is 

designed to see if the system is usable or not. What follows is an account of a test 

case, along with relevant data and observations on the behavior of the system in 

response to the data input at each phase of the decision process. In this section, 

the test case, the system-user interactions, and the conclusions drawn from these 

interactions are presented. Sample walkthrough screens for illustrating the use of 

the prototype using this case are illustrated in Appendix C. 

6.1.1 Test Case 

Verifying a system requires a good decision problem that is simplified, yet 

realistic enough to be representative of organizational problems that are applicable 

to the prototype system. The test case used for verification of the system was a 

faculty candidate recruiting problem common in academic institutions. This decision 

problem involves assessing a set of potential candidates for one or more available 

faculty positions based on the qualifications of the candidates and the recruiting 
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needs of the institution. In the faculty recruiting problem, the goal is to come up 

with a prioritized list of faculty candidates. The test case required generation of a 

set of alternatives based on the applications received, determination of a criteria 

structure, rating and assessment of the candidates, and generation of a group-agreed 

preference order. The following information was made available. 

Acme University is now seeking faculty candidates in the MIS (Management 

Information Systems) department to fill two vacant assistant professor positions. All 

candidates are required to have completed the high education with a major in MIS, 

amI their qualifications must indicate a high potential for academic success (i.e., 

research & teaching) to be considered for acceptance. The MIS department at 

Acme University has recently received applications from five individuals: Jerry 

Peterson, Patrick Monroe, Gregory Caine, Stephanie Nicholson, and Karl Baker. 

What is already known regarding these candidates through cover letters, vitaes, and 

other documents are as follows. 

Jeny Peterson: Holds a master's degree in MIS from a business school that is 

ranked in the top five in the nation. Published three articles in journals and 12 

papers in conference proceedings reporting his research over the past four years. 

There are 5 unpublished working papers. Has been relatively successful in teaching, 

receiving good teaching evaluation ratings. But the recommendation letters 
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indicated "average" for teaching capability. Demonstrated excellent communication 

skills both in verbal and writing aspects. 

Patrick Monroe: Earned a Ph.D. degree a few years ago from an average state 

university. Major field is computer science, with a concentration on theoretical 

aspects of computing. Has 12 published journal articles and 11 conference 

proceeding papers, with 3 working papers. Research experience includes 23 years 

at a university. Has not been very 'effective' in teaching, although teaching 

evaluations were generally O.K. Recommendations on teaching were poor. He is 

not capable of clearly verbalizing organized ideas, but most of his writings indicate 

excellent mastery of writing. 

Gregory Caine: Education includes a B.S. in Business Administration, and a master's 

degree in MIS. Undergraduate and graduate work was completed at a unknown 

small college, but most of the courses taken are highly relevant to the teaching 

needs of Acme University. During his research career of three years, he has 

published one article in a journal and 11 papers in conference proceedings, and he 

has written 12 working papers. He is an excellent teacher, as very positively 

indicated in the recommendation letters. However, students' teaching evaluation 

ratings were only average. Recommendations suggest he communicates very poorly 
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verbally, but relatively well in writing. 

Stephanie Nicholson: Holds a doctorate in Business Administration from an 

average-rated state university. Major field was Management, while minor field was 

MIS. Has been a prominent researcher in the field for the past 20 years, publishing 

up to 28 journal articles and 37 conference proceedings, and has 20 working papers 

thus far. Even if she was rated not very teaching-effective in letters of 

recommendation, she had very good teaching evaluations and positive 

recommendations on teaching. Both her verbal and writing skills are about average. 

After she failed, for some reasons, many attempts to get a position at an associate 

professor level, Dr. Nicholson has no choice but to apply for this assistant professor 

position. 

Karl Baker: Recently received a Ph.D. degree from a relatively prestigious 

university. Major field is Psychology. Publications include 10 in journal articles and 

4 in conference proceeding. Nine working papers have been written. Has been 

engaged in research activities for the past 9 years. Teaching capability was average, 

as indicated in teaching evaluation ratings and recommendations on teaching. His 

verbal communication is O.K., but he is a poor writer. 
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The faculty search committee agrees that assessment of the qualifications of the 

candidates will be made in both an extensive and an intensive manner, by 

considering a broad spectrum of evaluation criteria to match highly qualified 

candidates with faculty needs. 

6.1.2 System-User Interactions 

This section illustrates how the system would interact with user(s) when the 

problem presented in the test case were addressed by a group of faculty members 

at Acme University. In addition, both the intermediate and final output data 

provided by the system are presented. 

Through the criteria organization tool, a hierarchy of evaluation criteria 

would be defined. Although in practice the criteria structure could be quite 

complex, a simple structure is illustrated for simplicity as follows. 

Faculty recruiting 
1. Research capability 
1.1. Publications 
1.1.1. # in journals 
1.1.2. # in conference proceedings 
1.1.3. # in working papers 
1.2. Research experience in years 
2. Teaching capability 
2.1. Teaching effectiveness 
2.2. Past teaching evaluation ratings 
2.3. Recommendation on teaching 
3. Communication skills 
3.1. Verbal skills 



3.2. Writing skills 
4. Education 
4.1. Final degree completed 
4.2. Relevancy of major area to MIS field 
4.3. Quality of institution graduated 
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After the criteria structure had been determined, the group would determine the 

corresponding scales as listed below. 

1. Research capability 
1.1. Publications 
1.1.1. # in journals 
1.1.2. # in conference proceedings 
1.1.3. # in working papers 
1.2. Research experience in years 
2. Teaching capability 
2.1. Teaching effectiveness 
2.2. Past teaching evaluation ratings 
2.3. Recommendations on teaching 
3. Communication skills 
3.1. Verbal skills 
3.2. Writing skills 
4. Education 
4.1. Final degree completed 
4.2. Relevancy of major area to MIS field 
4.3. Quality of institution graduated 

Judgmental/lnterval 
Judgmental/lnterval 

Known/Numeric (unit=count) 
Known/Numeric (unit=count) 
Known/Numeric (unit=count) 
Known/Numeric (unit=years) 

Judgmental/lnterval 
Judgmental/lnterval 
J udgmental/lnterval 
Judgmental/lnterval 
Judgmental/lnterval 
J udgmental/lnterval 
J udgmental/lnterval 
Judgmental/lnterval 

Known/Aspects 1 

Judgmental/lnterval 
J udgmental/lnterval 

Any criterion that has children nodes underneath it is indicated as 

"Judgmental/lnterval" because the rating of the criterion will be determined through 

IValid aspects are set to (1) High school diploma, (2) Bachelors degree, (3) 
Masters degree, and (4) Doctorate. They are assigned interval equivalents of 1, 3, 
7 and 10 respectively. 
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the inheritance of the rating values for its children nodes. Once the group had 

determined the scales for individual criteria, the participants would individually enter 

their preferential information. Here are the criteria weightings given by one 

individual. 

1. Research capability 0.300 
1.1. Publications 0.600 
1.1.1. # in journals 0.500 
1.1.2. # in conference proceedings 0.300 
1.1.3. # in working papers 0.200 
1.2. Research experience in years 0.400 
2. Teaching capability 0.300 
2.1. Teaching effectiveness 0.400 
2.2. Past teaching evaluation ratings 0.300 
2.3. Recommendations on teaching 0.300 
3. Communication skills 0.200 
3.1. Verbal skills 0.500 
3.2. Writing skills 0.500 
4. Education 0.200 
4.1. Final degree completed 0.400 
4.2. Relevancy of major area to MIS field 0.400 
4.3. Quality of institution graduated 0.200 

The other part of the preferential information to be specified by the individual is 

criteria thresholds. Each individual would set a threshold, in this example, on 

research experience in years with the value of 2.00, on # ill conference proceedings 

with the value of 4.00, and on final degree completed with the value of 'Doctorate.' 

Preferential information is specific to each individual, so that each participant would 

develop different personal preferences. Thus, the execution of choice models using 
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the Alternative Assessment tool relies on the individual-specific preferences. 

Now, the alternatives would be rated by the decision maker, using the 

Alternative Rating tool. The following hypothetical values were entered for the 

individual candidates under each criterion. 

J.P. P.M. G.c. S.N. K.B. 

Research capability Not filled 
Publications Not filled 
# in journals 3 12 1 28 10 
# in conference proceedings 12 11 8 37 4 
# i .... 1 working papers 5 3 12 20 9 
Research experience in years 4 23 3 20 9 
Teaching capability Not filled 
Teaching effectiveness 7/10 4/10 8/10 2/10 5/10 
Past teaching evaluation ratings 7/10 7/10 5/10 8/10 5/10 
Recommendations on teaching 5/10 2/10 9/10 8/10 6/10 
Communication skills Not filled 
Verbal skills 8/10 5/10 0/10 5/10 5/10 
Writing skills 7/10 9/10 7/10 5/10 2/10 
Education Not filled 
Final degree completed M D M D D 
Relevancy of major area to MIS field 9/10 3/10 10/10 6/10 2/10 
Quality of institution graduated 9/10 5/10 1/10 5/10 7/10 

The five headings indicate the initials of the five candidates' names. Some ratings 

above were recorded as 'Not filled,' because they would be automatically 

determined by the system using the ratings of their children nodes. For the fillal 

degree completed criterion, 'M' denotes the Masters degree and 'D' denotes the 

Doctorate. 
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The next step would be to run the Alternative Assessment tool for capturing 

a better idea of how strong in overall terms each candidate is. The results of 

executing the choice models are presented in the walkthrough .example section of 

Appendix C. The system-provided recommendations in those summary results are 

consistent with our expectations of what the results should look like. The 

preference order generated by the system is (from the most preferred to the least 

preferred): Gregory Caine (21.74%), Jerry Peterson (20.73%), Stephanie Nicholson 

(20.69%), Patrick Monroe (20.18%), and Karl Baker (16.66%). Because this 

ordering provides information on how much distance there is between individual 

candidates, the decision maker would be able to see the relative strength of each 

alternative. 

To demonstrate the last program (Preference Aggregation) in sequence, the 

following sample preference orders of five participants are presented: 

Voter #1: 
Gregory Caine 
Jerry Peterson 
Stephanie Nicholson 
Patrick Monroe 
Karl Baker 

Voter #2: 
Gregory Caine 
Jerry Peterson 
Stephanie Nicholson 
Patrick Monroe 
Karl Baker 

21.74% 
20.73% 
20.69% 
20.18% 
16.66% 

15.74% 
15.73% 
27.69% 
18.18% 
22.66% 



Voter #3: 
Gregory Caine 
Jerry Peterson 
Stephanie Nicholson 
Patrick Monroe 
Karl Baker 

Voter #4: 
Gregory Caine 
Jerry Peterson 
Stephanie Nicholson 
Patrick Monroe 
Karl Baker 

Voter #5: 
Gregory Caine 
Jerry Peterson 
Stephanie Nicholson 
Patrick Monroe 
Karl Baker 
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26.24% 
15.73% 
19.19% 
7.58% 

31.26% 

12.79% 
14.77% 
17.69% 
32.13% 
22.62% 

17.76% 
23.78% 
24.67% 
18.15% 
15.64% 

Given the above five preference orders of the participants, the system would 

aggregate them into a single social preference order as shown below: 

Candidates Mean Std. Dev. 

Stephanie Nicholson 21.9860 3.6795 
Karl Baker 21.7680 5.5725 
Patrick Monroe 19.2440 7.8141 
Gregory Caine 18.8540 4.7021 
Jerry Peterson 18.1430 3.5069 

This provides the information on how the opinions of the group members are 

distributed. It also reveals that the group had more disagreement on Patrick 
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Monroe than on the other candidates. 

6.1.3 Conclusion 

Our observation of the system-user interactions suggests that the programs 

in the prototype utilized the personal preferences (weightings and cutoffs) and the 

alternative ratings, and provided recommendations that best matched the decision 

maker's expertise, viewpoints, opinions, and preferences. This conclusion may be 

unique to the sample test case, but can be generalized to common managerial 

decision problems through other validation procedures such as those described in 

the following sections. 

6.2 Qualitative Study for Functionality Test 

A qualitative study was conducted to validate the system at a functional level 

by soliciting feedback on the prototype. This study purports to assess how well the 

system was designed to support behavioral aspects of the users and how usefully and 

practically it supports the user needs in a managerial environment. 

The functionality test is qualitative in the sense that information is collected 

through questionnaires and the electronic discussion tool. That is, the information 

being obtained is not structured, but rather it must be given a qualitative treatment 

for an interpretation. The primary purpose of conducting the qualitative validation 
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is to assess, to some extent, the system functionalities of the developed prototype 

from a user's standpoint. 

In this qualitative study for a functionality test, two distinct groups were used. 

The decision task and the member composition of these two groups was as follows: 

Group 1 (Software Engineering Group): This group consisted of software 

development team members at the University of Arizona MIS department. The 

primary decision goal of the meeting for this group was to identify and prioritize 

software projects to be developed over the next 6 months. The group was to 

consider not only what objectives they wanted to accomplish but also what potential 

constraints might exist. The meeting lasted for 40 minutes. 

Group 2 (Job Seeking Ph.D. Candidates Group): This was a group of individuals 

in the University of Arizona MIS department who had been seeking assistant 

professor positions in U.S. universities for at least one year. We can regard them 

as experts in the job seeking problem domain, because each of them had been 

actively engaged in the process of evaluating alternative academic institutions to find 

a position for a new career. These individuals had to be familiar with at least the 

key aspects that determine the choice of faculty candidates and, to some extent, 

with how possible tradeoffs can be resolved among competing candidates. The 
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duration of the meeting was 70 minutes. 

The meeting for Group 1, conducted in the VA Planning and Decision Lab, 

ended up with failure because of a memory crash during the execution of the 

Alternative Assessment program. The problem was investigated, and it was 

determined that the memory crash was caused by the large size of the alternatives 

set. The group identified 22 alternative software projects and fed them into the 

program without reducing the initial size of the alternatives set. Although the 

Alternative Assessment program does a number of mathematical manipulations for 

the alternative matrix, what has been learned from this session was that the 

prototype has a limitation with regard to the acceptable size of the alternatives set. 

Subsequently, the maximum possible size of the alternatives has been determined 

to be 10. Thus, it is suggested that a group will have to cut the size of the initial 

alternatives set down to 10 or fewer, before it can start using the programs. 

On the other hand, Group 2 had a successful meeting using the prototype 

in the same decision room. The group was given the same task described in an 

earlier section - the faculty recruiting problem. The participants used the system 

with the given decision making scenario. Following the meeting, questionnaires 

were handed out asking for opinions and feedback on the system. Afterward, 

interviews were also conducted in person with some of the participants. 
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Interviews in person and the questionnaires produced information on the 

benefits, problems, and applicable managerial problems of the system as follows. 

The benefits and problems summarized below are based on subjective opinions that 

the individual participants in the study stated in an either verbal or written form. 

6.2.1 Stated Benefits 

Potential benefits or strengths stated by the participants following the 

meetings centered around six aspects. These are (1) good interface features, (2) the 

capability of dealing with problem complexity, (3) the adequacy for managerial 

decision problems, (4) the effective and efficient method of solving multi-criteria 

decision problems in group environments, (5) the what-if capability, and (6) different 

models of decision making. 

Good Interface Features: Throughout the system, good interface features are 

provided that help the user(s) better understand the actions of the system, thereby 

facilitating communication between the system and the group members. More than 

three persons mentioned this benefit as one of the key strengths of the system. 

One participant mentioned that enabling the user to select from the set of 

judgmental aspects is a particularly useful feature. 

---------------.-----------------------
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Capability of Dealing with Problem Complexity: The system provides an effective way 

of breaking down a complicated problem to the extent that the problem can be 

better understood and analyzed by the group members. The prototype provides 

structure to the focal problem. 

Adequacy for Managerial Decision Problems: The GDSS system is adequate for 

supporting managerial decision problems, since many managerial decisions require 

an in-depth analysis of the problem as a hierarchy. 

Effective and Efficient Method of Solving Multi-criteria Decision Problems in Group 

Environments: The approach is effective and efficient in helping a group of 

decision-makers collectively solve multi-criteria decision problems. Soliciting decision 

criteria from group members is facilitated through a structured method. 

What-if Capability: Because the system allows the group to return to any previous 

phase (e.g., Criteria Organization or Preference Acquisition) and modify some 

preferential information to observe how the system behavior is changed, the what

if feature is available to the group. This feature is useful when the group attempts 

to attain as high a degree of consensus as possible. 

------------- -----------
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Different Models of Decision Making: Different human decision making models 

incorporated into the system make it much easier to evaluate the alternatives. The 

availability of abundant decision models eliminates the need for the group members 

to manually figure out every detail of strengths and weaknesses for each alternative. 

Also, the computerized alternative evaluation may be much more accurate than the 

manual evaluation. 

6.2.2 Stated Problems 

Major problems pointed out by the participants included (1) the inability to 

provide an integrated summary of results of choice models, (2) the tediousness of 

sequentially executing choice models, (3) the absence of on-line help utilities, (4) the 

invisibility of the parent/child tree, (5) the training requirements, and (6) the 

possibility of intransitivity problem. 

Inability to Provide Integrated Summary of Choice Model Results: The prototype fails 

to provide a comparative summary report that integrates the results of the choice 

models executed. Although it is possible to obtain a summary of each individual 

model execution, the decision maker may not capture an overall idea of what the 

results of the executed models tell. This problem was stated by at least three 

persons. 
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Tediousness of Sequentially Executing Choice Models: It could be a highly tedious 

task for the decision maker to execute different choice models one at a time. The 

system must provide an automated option that allows the group participants to view 

the results of executing all models by a single stroke. This problem is closely 

related to the first problem. 

Absence of Oil-Line Help Utilities: The programs in the prototype, in general, 

provide no useful on-line help messages that explain program operations. 

Especially, the provision of help screens describing choice models would make the 

system-user interactions more effective. Maybe a commonly accepted key (e.g., 

F1) should be reserved for the user to access the on-line help whenever the user 

feels uncertain as to the action to take. 

Invisibility of the Parent/Child Tree: The user cannot keep track of the hierarchical 

relationships in the nodes of the tree when building a criteria structure, determining 

the criteria scales, or entering the individual preferences. The interface should be 

modified to enable the parent/child tree to be visible to the user. The author does 

not agree with this particular comment, because the user may select the sixth option 

in the main menu of the Criteria Organization program, by which the user can view 
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the graphical representation of the criteria hierarchy. Probably, an improvement 

can be made in such a way that this graphically represented criteria hierarchy can 

be accessed for a quick view through a single key stroke, whenever the user wants 

to view it. 

Training Requirements: In order for a group to use the system for the first time, the 

training sessions to teach them about how to use the system will be essential. 

Training requirements will have to center around two aspects: (1) system usage in 

general and (2) concepts of choice models and interpretation of their results. 

Possibility of Intransitivity Problem: It is possible that the system-recommended 

preference order is intransitive. Intransitivity of a preference order for a multi

criteria decision problem occurs when the two conditions, A > B (read as tlA is 

preferred to Btl) and B > C, do not necessarily lead to the condition, A > C. This 

intransitivity problem is an issue that was not proved to exist in our prototype. A 

follow-up study will examine the possible presence of the intr~"lsitivity problem from 

a technical standpoint. 

6.2.3 App1icable Managerial Decisions 

In addition to the strengths and weakness of the system summarized above, 
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comments on the managerial problems for which this system can be most applicable 

were solicited in interviews and questionnaires. 

Equipment Selection: The prototype should be useful for making decisions regarding 

purchasing equipment for a company. Managers must select among competing 

equipments of various vendors. Because making such a decision will require 

consideration of a number of factors such as costs, money availability, needs for 

equipment, etc., it can be well served by the application of the prototype. 

Bid Evaluation: Construction contractors can use the system to evaluate alternate 

bids and choose the one that is expected to result in a highest profit margin. While 

contractors may have positive considerations including profitability, they may also 

be confined to constraints such as prices, risks, etc., so in order to make a right 

choice, the contractors will have to review a wide variety of evaluation criteria that 

may affect their decision outcome. Use of the prototype should be helpful in this 

situation. 

Pricing in Medical Services: Determining pricing policies for medical policies can be 

a sophisticated problem, especially because of the intangible nature of many aspects 

of medical services. Use of the prototype should help a group of administrative 
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staff members better weigh alternate pricing policies by defining a complete criteria 

structure. 

Project Selection: Many research organizations in both the academia and industry 

must often decide what research projects they should launch so they can benefit 

most from the projects in terms of funding potential, research opportunities, 

contribution potential to scientific advancement, and so forth. Again, the prototype 

should be useful. 

6.3 Research Design for Future Empirical Validation 

The qualitative validation method previously described was used to test the 

system in an effort to learn how useful actual groups of people would perceive the 

functionalities of the system to be. On the other hand, an empirical validation 

would investigate the power of the system in the context of extended 

generalizability. 

An experimental validation based on a scientific procedure must be 

conducted in the future. The present prototype will be empirically validated by 

collecting data from a series of GDSS sessions with groups of subjects who will use 

the GDSS system with a given decision task and report their experiences with the 

system. 
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Basically, the laboratory experiment is intended to address the research 

question: 

"Does the prototype lead to effective group processes 

and outcomes in collaborative choice/judgment tasks?" 

In order to answer this research question, the present prototype will have to be 

compared with other types of group decision support methods to determine whether 

it is more effective than the others. In the following sections, research variables to 

be measured, the research plan, analysis of experimental results, and expected 

results will be discussed. 

6.3.1 Research Variables 

Research variables were selected for this experiment that would capture the 

essence of the research question being addressed. Relationships among the 

independent, dependent, and controlled variables are depicted in Figure 6-1. 

6.3.1.1 Independent Variable 

Type of Technological Support: 

This experiment chiefly will investigate the benefits claimed for the current 

prototype. Therefore, only one independent variable will be provided for the 

experimental subjects in order to generate treatment conditions. A number of 
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/" 
Dependent Variables 

Independent Variables 
Perceived 

(1) Type of Technological (Self-report) 

Support Collective (1) Perceived Decision 
~ Choice ... Quality 

o Manual Making (2) Confidence Level 
o Existing GDSS Process (3) Satisfaction Level 
o Prototype-Supported (4) Cognitive burden 

A~ ~ 
Observed 

(5) Consumed Time 
(6) Group Consensus 

"-

'" Controlled Variables 

(1) Decision Task 
(2) Group Size 
(3) Computer Literacy 

'-

Figure 6-l. Relationships Among Independent, 
Dependent, and Controlled Variables 

'" 
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GDSS experiments to date (Watson, 1987; Zigurs, 1987) have employed the type 

of technological support as an independent variable. For the purposes of this 

dissertation, there are three categories of groups, differentiated by the type of 

technological support: manual, existing GDSS, and prototype-supported. The 

number of groups in each category will be equal: 10 groups for each category. 

Manual groups, those that are provided no technological support, will use 

primitive group decision method (verbal discussions among the group members) to 

solve the given problem. A second set of groups will use the existing GDSS in the 

UA Planning and Decision Lab, and prototype-supported groups will use the system 

designed according to the proposed architecture. 

6.3.1.2 Dependent Variables 

Dependent variables were selected that would capture the overall 

effectiveness of the prototype in meetings. In particular, they should permit us not 

only to assess the effectiveness of a group decision process involved in prototype

supported group meetings, but also to observe decision outcomes. In an exploratory 

study to investigate the impacts of GDSS on group processes, Gallupe (1986) used 

dependent variables relating to both process and outcome aspects of a decision. 

Their outcome-related dependent variables included decision quality, decision time, 

and group confidence, whereas the process-related variables included the amount 

--------- -----------
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of system usage by group members, participation by group members in the decision 

making process, and the number of alternatives or issues considered by the group 

(Gallupe, 1986, p.520). The dependent variables for our experiment include some 

of Gallupe's outcome-related variables, such as decision quality, decision time, and 

group confidence. In addition, we will use additional dependent variables due to 

the unique nature of the prototype GDSS, including one outcome-related variable 

(degree of group consensus), one process-related variable (cognitive burden), and 

one both process- and outcome-related variable (satisfaction). In Figure 6-1, the 

dependent variables were classified into two categories: perceived and observed. 

The four perceived variables (perceived decision quality, satisfaction, confidence, and 

cognitive burden) are qualitative, while the two observed variables (consumed time 

and group consensus) are quantitative. 

Perceived Decision quality: 

Decision quality can sometimes be a subtle variable subject to severe 

controversy. Some researchers (Steeb and Johnston, 1981; Turoff and Hiltz, 1982; 

Gallupe, 1986) used the decision quality variable by having a panel of experts 

determine a correct answer for a simplistic decision task. However, one can hardly 

evaluate the quality of a group decision precisely, especially when the decision is 

intricate and unstructured. At best, we can only measure the participants' 
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perception of the decision quality. Perceived decision quality is a post-meeting self

report measure of the quality of a decision. This variable will be measured using 

the post-meeting instrument developed by Gouran et al. (1978). The magnitude 

of the score explains how high the group participants perceive the decision quality 

to be. 

Confidence Level: 

This variable tells us how confident each participant feels in the decision 

made in a group decision making session. Two types of confidence are to be 

examined: the level of confidence concerning the individual's own decision and the 

level of confidence concerning the group's final decision. The confidence in the 

decision made by an individual primarily will be determined using available decision 

software such as MCDM models. On the other hand, the confidence that an 

individual perceives for the group outcome is likely to be affected by the process 

through which individuals' preference orders are aggregated and the group reaches 

a final decision. It seems important to separate the confidence variable into two 

types, because one of the underlying premises for this dissertation research has been 

that a group decision consists of two stages of the decision-making process involving 

(1) each individual's preference order and (2) the group's preference order 

incorporating individuals' inputs. Thus, there will be two scores collected for this 

-------------------
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variable, one for the perceived confidence on the individual's preference order, and 

the other for the perceived confidence on the social preference order. Both the 

scores will be measured on the 5-point scale rating the responses to related 

questions in the post-meeting questionnaire. 

Satisfaction: 

The satisfaction variable indicates how satisfied individuals are not only with 

the procedure employed in arriving at a decision but also with the decision itself. 

The procedure may involve the GDSS technology, the group interactions (in-group 

communication), and the manner that a GDSS session is led and monitored. 

Therefore, the satisfaction variable will get a high score if an individual believes that 

the procedure was in general useful, helpful, and stimulating in contributing ideas 

to the group output. Our questionnaire will examine both satisfaction with the 

outcome and satisfaction with the decision process. These two aspects of 

satisfaction will be measured using the instrument invented by Green and Taber 

(1980) that is designed to measure five factors: (1) personal task participation, (2) 

negative socio-emotional behavior, (3) solution satisfaction, (4) decision scheme 

satisfaction, and (5) informal leadership. (See Appendix B for the discussion of 

these five variables). Of the five factors, we will be concerned only with two: 

solution satisfaction and decision scheme satisfaction. 

- -------------------------------
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Cognitive Burden: 

Cognitive burden denotes whether a significant amount of thinking was 

needed, and if so, how much. The major reason for having this variable is to assess 

the impact of new individual decision support tools on cognitive demand. Hence, 

an individual will rate this variable based on his/her perception of the amount of 

mental processing required for the overall alternative evaluation process. The 

measurement of the cognitive burden variable is based on a set of questions listed 

in the post-meeting self-report questionnaire. 

Consumed Time: 

Information on the aforementioned three variables will be acquired directly 

from group participants through questionnaires. However, the next two variables 

require "hard" facts, so they can be readily expressed in quantitative terms. 

Information on these variables will be obtained by the system through the software. 

Consumed time will indicate the amount of time an individual spends on each 

phase of the group decision making process. More specifically, it refers to the time 

measured in minutes, beginning when deliberation or discussion begins, and ending 

when the group signals it is finished or time has run out (George et aI., 1988). 
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Degree of Group Consensus: 

Through the degree of group consensus variable, we will be able to tell how 

close the individuals' preference rankings are to one another within a group. A 

high value of this variable will indicate that the group reached a great deal of 

agreement as to the solution. This variable is a dimension that distinguishes group 

decision making from individual decision making, and it has been recognized as a 

key performance measure of a group decision support system. The degree of group 

consensus will be calculated and measured using the method developed by Spillman 

et al. (1980). This measure should have values between 0 and 1; 0 implies no 

consensus at all, and 1 means perfect consensus. 

6.3.2 Experimental Plan 

The detailed research plan for conducting a laboratory experiment is 

sketched in Figure 6-2. The subsections that follow discuss the experimental design, 

decision room, unit of analysis, sample groups, experimental procedures, duration 

of each session, and a method for data collection. 

6.3.2.1 Experimental Design 

A controlled laboratory experiment will be used to assess the effectiveness 

of the present group decision support approach proposed in this research. This 

------------------



ImJ Experimental Design: a 3x1 randomized factorial design. 

rm Decision Room: The University of Arizona Planning and 
Decision Lab 

mm Unit of Analysis: Group 

lI1 Sample Groups: 210 Subjects randomly selected from 
undergraduate business courses 
(30 groups; 7 subjects for each group) 

lE1 Number of GDSS sessions to be run: 30 
(10 with no GDSS support; 

10 with the existing GDSS, & 
10 with the new prototype GDSS). 

1m Task: Commercial loan approval judgment 
(See Appendix A for the task description). 

Em Duration of a Session: 60 - 90 mins. 

rrm Method for Data Collection: 
o Self-report Questionnaires -

~ 
Perceived decision quality, 
Confidence level, 
Satisfaction level, 
Cognitive burden 

e System-monitoring or manual measuring -

[
Consumed time 
Consensus 

Figure 6-2. Research Plan for a Laboratory 
Experiment 
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experimental design with one independent variable leads to three treatment 

conditions as shown in Figure 6-3. Therefore, the experiment is a 3x1 randomized 

factorial design, where only one treatment is to be given for the type of 

technological support. 

Manual 

Treatment Conditions 

Type of Technological Support 

Existing GDSS Prototype 

Figure 6-3. Experimental Design 

6.3.2.2 Decision Room 

The site for the experiment will be the VA Planning and Decision Lab (the 

third-floor facility in the BPA building) where the prototype software has been 

installed. This decision room provides an excellent environment in which a group 
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can convene to seek solutions for a wide range of decision problems. The 

characteristics of this decision laboratory are fully described in Chapter 2. 

6.3.2.3 Unit of Analysis 

Group is the unit of analysis in this study. Dependent variables that we will 

observe during the experiment are process- and outcome-related information 

regarding each group. In fact, we will examine the information for each individual 

in multiple groups and derive a mean value specific to each group from the 

obtained statistics. This will allow us to make group-level comparisons in order to 

arrive at a conclusion. 

6.3.2.4 Sample Groups 

Sample groups will consist of 210 student subjects randomly selected from 

undergraduate business courses. They will be divided among 30 groups, each 

composed of 7 subjects. The student subjects will be told that they are doing the 

experiment as a part of their class requirements that counts toward the final grade. 

Thus, the experimental incentive is the credit for the course grade, rather than 

money. 

Once the students have been assigned to different groups of 7 subjects each, 

they will be instructed to appear in the decision room on a given date. Practically, 
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the group size in the experimental time may vary between 5 and 7. The reason for 

the possibly varying group size is that even if the initial group size is uniformly 7 

for all groups, it is likely that some people may be absent, resulting in a group size 

smaller than 7. So, we will follow a rule which states that: 

- If 5 or more subjects show up, conduct the session. 

- If less than 5 subjects participate, dismiss the group and cancel that session. 

6.3.2.5 Experimental Procedures 

This experiment will execute a total of 30 GDSS sessions. Ten sessions will 

be run without any technological support, 10 with the existing GDSS, and the 

remaining 10 with the new prototype GDSS. Each time, a group of seven people 

will be brought into the decision room equipped with the existing GDSS software, 

given a problem, and asked to cooperatively reach a decision under the coordination 

of the group facilitator. Then, another group of subjects will enter and work on the 

same problem using the new protot'JPe version of GDSS. This format for decision 

sessions will be repeated for the rest of the groups. 

Task: Subjects will be asked to choose among 10 borrowing companies for approval 

of commercial loans. They are given written background information about the 

requesting companies involving raw (financial) data and qualitative statements 
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describing the firms and their activities. Essentially, the information presented will 

consist of both hard (concrete) data and judgmental (abstract) data. The decision 

task to be used for the experiment is described in Appendix A. 

Manual Condition: The manual condition provides only a pencil and a piece of 

paper to the subjects. In the manual groups, participants will verbally discuss the 

problem, decide on common criteria to consider, and manually generate a 

preference order. The individuals' preference orders are then collected by the 

experiment administrator and the results are presented to the group. The group 

is given choices; e.g., either to accept the group decision indicated in the results or 

to restart the whole process again when the group members disagree. Written 

instructions on the procedure of a meeting will have been given to the subjects at 

the outset of a session. In the manual condition, an experiment administrator will 

initiate and coordinate a meeting and administer the experiment. 

Existing GDSS Condition: For these groups, the same task (decision problem) will 

be given to the subjects as in the manual groups, however, written instructions 

different from those in the manual groups wi)) be distributed. These groups will use 

the Idea Organizer and Alternative Evaluator tools that are both available at 

present in the VA GDSS. The subjects in these groups will electronically discuss 
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the problem and identify evaluation criteria through EBS, rate and evaluate the 

alternatives with Alternative Evaluator, and arrive at a group preference order 

through a Voting tool. In the existing GDSS condition, an experiment administrator 

will operate the software, initiate and facilitate a meeting, and administer the 

experiment. 

Prototype-Supported Condition: For an experimental group, as in the existing GDSS 

groups, the same task will be used but different instructions on the meeting 

procedure will be provided to the subjects. The subjects will organize and analyze 

the information given and, based on their findings, they will develop evaluation 

criteria, specify their preferences, rate the alternatives under each criterion, assess 

the alternatives using choice models, and collectively reach a social preference order 

through the preference aggregation procedure. As in the existing GDSS condition, 

an experiment administrator will be the chauffeur of the software and the initiator 

and facilitator of a meeting, while administering the experiment. 

6.3.2.6 Duration of Each Session 

One of objectives of this experiment will be to examine each group's 

consumed time as a dependent variable. Any meeting in the experiment will last 

until the group signals the task has been finished. The GDSS tools developed and 
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presented in this dissertation tend to require group participants to move along at 

their own pace; i.e., part of the group decision making process is individualized. 

Depending on the inputs of participants, the time taken for a group to complete the 

task will differ. The experiment, however, will attempt to limit the time allowed for 

each group to reach a decision (90 minutes). Thus, consumed time might vary from 

group to group, but will not exceed 90 minutes. 

6.3.2.7 Method for Data Collection 

The major instrument that will be used to collect the data needed is self

report questionnaires. Along with this instrument, the computer software will also 

keep track of information on the group process. 

Questionnaires: Each participant will fill out two questionnaire forms, one before 

the session (a pre-meeting questionnaire) and the other after the session (a post

meeting questionnaire). The pre-meeting questionnaire is designed to obtain 

background information pertaining to each participant, while the post-meeting 

questionnai~.; will be used to assess the impact of the independent variable. The 

post-meeting questionnaire is organized according to the dependent variables. 

When the results have been collected, a reliability test and factor analysis will be 

performed. We will use the responses on the questionnaires to measure the 
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following variables: (1) the perceived decision quality, (2) the confidence level, (3) 

the satisfaction level, and (4) the cognitive burden (See Appendix B. for the layout 

of the questionnaires). Each of the four factors has a set of items that are 

associated with it, where each item uses a five-point scale for the rating with a score 

ranging from 1 to 5. An index is computed by averaging the scores of items 

corresponding to each factor. Once all the five indexes are computed for each 

individual within a group, indices of each category are combined and averaged 

across the individuals to determine a group index. 

System Monitoring: Data for existing GDSS and prototype-supported groups will 

also be collected through system-monitoring. The computer software will 

automatically report such information as (1) the amount of time consumed for each 

phase of the decision process, and (2) the degree of consensus reached within each 

group. On the other hand, for manual groups, the two variables (consumed time 

and group consensus) will be measured manually by the experiment administrator. 

6.3.3 Analysis of Experimental Results 

This subsection describes what statistical method will be used to analyze 

experimental results and how those results will be interpreted. 
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6.3.3.1 Statistical Methods 

Analysis of results will be based on the ANOVA (ANalysis Of VAriance) 

method in which variances in the responses of subjects are examined. The variances 

to be accounted for will be among the 10 groups for each of the three conditions 

(1 control & 2 experimental). We will not consider the within-group variances 

among the scores of individual group members because the unit of analysis is a 

group rather than an individual. Instead, we will take the mean of each dependent 

variable for each group. 

6.3.3.2 Interpretation 

Comparisons will be made between the results of manual sessions, of sessions 

using the existing GDSS, and of sessions using the prototype GDSS, as one session 

will be run for each of the ten groups in each of three treatment categories 

(manual, existing GDSS, & prototype-supported). Collected results will be analyzed 

in such a way as to determine whether the new approach to supporting group 

meetings produces higher perceived decision quality, greater confidence, greater 

satisfaction, less cognitive burden, greater consumed time, less inter-group decisional 

discrepancy, and greater degree of intra-group consensus. If the results support 

predictions, it will be safe to state that use of the present approach to GDSS design 

is justified. 
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6.3.4 EXl'ected Results 

Data will be collected around six process- or outcome-related aspects: (1) the 

perceived decision quality, (2) the confidence level, (3) the satisfaction level, (4) the 

cognitive burden, (5) the consumed time, and (6) the degree of consensus. Thus, 

if evidence is provided that supports these six attributes, it can be concluded that 

the GDSS with the new approach can sufficiently facilitate the process of eliciting, 

aggregating, and analyzing preferences for individuals within the groups. 

We do not expect that time required will vary within each type of group 

because group sessions will be directed and monitored by an experiment 

administrator according to predetermined time frames; maximum time allowed is 

1 hour and 30 minutes. That is, there will be no variation in time allowed for 

individual subjects in a group. However, the amount of consumed time may differ 

across groups of each treatment condition, because transitions will be made from 

one phase to another at the group's own pace. Therefore, we included the 

consumed time as a group variable, rather than an individual variable; i.e., we are 

not concerned with the amount of time consumed by each individual. Below, we 

formulate and present hypotheses according to the expected results for the 

dependent variables. Hypothesis formulation is at two levels: (1) technology

supported (prototype GDSS & existing GDSS) groups are compared with manual 

.... -------------~--._----------
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groups, and (2) prototype-supported groups are compared with existing GDSS 

groups. 

6.3.4.1 Higher Perceived Decision Quality 

Hla: Technology-supported groups will perceive higher decision quality than 

manual groups. 

BIb: Prototype-supported groups will perceive higher decision quality than 

existing GDSS groups. 

When supported by the prototype system, participants in a group will have 

sufficient opportunities to evaluate the alternatives using various MCDM models, 

thereby gaining a better understanding of the problem and strengths/weaknesses of 

the alternatives. This will lead to a positive perception of the quality of the 

decision, that a group arrives at. For groups using the existing GDSS, group 

participants will have access to structured group decision support for their 

evaluation process, and therefore will develop a more positive attitude toward their 

group decision than those in manual groups. 

6.3.4.2 Greater Confidence 

B2Ia: Technology-supported groups will feel more confident about individual 

preference orders than manual groups. 
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H22a: Technology-supported groups will feel more confident about group 

preference order than manual groups. 

H21b: Prototype-supported groups will feel more confident about individual 

preference orders than existing GDSS groups. 

H22b: Prototype-supported groups will feel more confident about group 

preference order than existing GDSS groups. 

The confidence level that each decision maker will have for the manipulation 

of preferences in a group using the prototype GDSS is expected to be greater than 

that in a group using the existing GDSS. This implicitly suggests that the confidence 

for the decision outcome will be also greater, because oftentimes confidence in the 

decision outcome depends on the perception of how well preferences have been 

spelled out. 

6.3.4.3 Greater Satisfaction 

H31a: Technology-supported groups will be more satisfied with the solution 

than manual groups. 

H32a: Technology-supported groups will be more satisfied with the decision 

scheme than manual groups. 

H31b: Prototype-supported groups will be more satisfied with the solution 

than existing GDSS groups. 

----- .. -- .. - .. -~.-----------
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H32b: Prototype-supported groups will be more satisfied with the decision 

scheme than existing GnSS groups. 

It is expected that the satisfaction level will be higher as to both the decision 

process and the decision outcome when using the new GnSS than when using the 

existing GOSS. Also, the technology-supported groups are likely to report higher 

level satisfaction than manual groups. The satisfaction variable is closely related to 

confidence because the higher confidence level, the higher the satisfaction level will 

be. When the majority of participants feel that they have articulated and used very 

accurate preferences in arriving at a decision, they are likely to feel more positive 

about the decision outcome. 

6.3.4.4 Less Cognitive Burden 

H4a: Technology-supported groups will perceive less cognitive burden than 

manual groups. 

H4b: Prototype-supported groups will perceive less cognitive burden than 

existing GOSS groups. 

There will be less cognitive burden imposed on each participant in the 

prototype-supported GOSS condition than in the existing GOSS condition, and 

cognitive burden will also be less in the technology-supported condition than in the 

manual condition. The proposed approach utilizes the knowledge-based technique 
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for the purpose of minimizing the amount of information processing required of 

individual decision maker. Also, choice models and decision support tools such as 

spreadsheets or decision trees will have functioned to lessen the cognitive burden 

for each decision maker. 

6.3.4.5 Greater Consumed Time 

HSa: Technology-supported groups will consume more time than manual 

groups. 

HSb: Prototype-supported groups will consume more time than existing 

GDSS groups. 

This variable seems to represent a negative aspect with regards of the 

proposed approach. Past research revealed that meetings take longer to reach a 

decision when supported by structures (Watson, 1987) or by GDSS (George et aI., 

1988; Gallupe et al., 1988). Therefore, it is expected that a group using the 

prototype will employ a possibly wide range of available software tools, in which 

case the group participants are likely to spend a more time in order to improve 

their decision making process. On the other hand, the amount of time consumed 

by groups using the existing GDSS tools will be greater than that by manual groups 

because the procedure to guide the group process in the existing GDSS will require 

use of some fraction of time for each decision phase. In a manual group process, 

-----------------
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for example, the group may not necessarily follow a sequence of decision phases 

and try to link their problem to a possible solution without an in-depth analysis of 

the alternatives. 

6.3.4.6 Higher Level of Intra-group Consensus 

H6a: Technology-supported groups will reach greater consensus than manual 

groups. 

H6b: Prototype-supported groups will reach greater consensus than existing 

aDSS groups. 

It is postulated that the aDSS expanded with a set of new tools will lead to 

greater intra-group consensus for the decision arrived at. Individuals will better 

understand existing barriers to agreement and group communication wiIl be 

facilitated by the new tools. In addition, the new tools will provide the groups using 

them with rich information as to the preference structures of individuals through the 

sophisticated analysis uf voting results. The system can also tell how closely the 

preference orderings of group members are convergent toward the consensus 

ordering of alternatives. These tools will thus keep the group intact and cohesive, 

and will possibly lead to cooperative problem-solving behavior. 
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6.4 Summary 

This chapter has presented a set of procedures to validate the prototype 

system implemented for the purpose of this dissertation work. Three levels of 

validation efforts were described: system verification, functionality test, and empirical 

test. The empirical test was discussed only at a research design level, leaving the 

actual controlled laboratory experiment to be done at a future date. The results 

of the other two validation procedures suggest that the system is usable for a multi

criteria decision problem in group decision making contexts, and provided a basis 

for drawing some implications for managerial decision making in organizations. (See 

Chapter 7 for the discussion of the implications.) 
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The present dissertation research has implications for managerial decision 

problems in organizations. In this chapter, the impacts of the proposed GDSS upon 

organizational decision making, its contributions to the existing body of knowledge, 

and its limitations are discussed as background for defining the scope of situations 

to which the approach is applicable in organizational decision making environments. 

7.1 Implications for Organizational Decision Making 

Implications of the proposed group decision support system have been drawn 

primarily based upon speculations of its impacts upon organizational decision 

making situations. The use of the system for assisting in managerial 

choice/judgment problems will provide opportunities to evaluate its implications 

for (1) middle and upper-level management decision support, (2) incorporation of 

both rational and irrational models of decision making, (3) on-going corporate 

meeting support, (4) suitability for complex decision problems, (5) more careful 

decision analysis, (6) decision phase iteration, (7) anonymity in specification of 
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personal preferences, and (8) potential for more effective group processes. These 

implications are examined below. 

7.1.1 Middle & Upper-Level Management Decision Support 

Both middle and upper-level management decisions may benefit from a 

decision support approach that provides in-depth analysis of alternative 

organizational policies, plans or other courses of action that are of strategic or 

tactical importance to an organization. In addition, this approach to analysis of the 

alternatives focuses on collectively structuring and manipulating the personal 

preferences that are associated with individuals' expert knowledge. Because the 

short-run and long-run working knowledge that managers gain through experience 

with the task environment is a valuable source of preferential information, effective 

formulation and utilization of such information will be critical to providing successful 

decision support for their problem domains. 

A host of middle management decision problem types can be potentially 

supported by the system. Examples are the determination of pricing strategy, the 

evaluation of potential sites for a new plant, the selection of an investment plan, 

and the recruiting of an executive manager. In general, these problems may not be 

particularly ill-structured, but they often require intricate personal analyses, 

intuitions, speculations, and personal judgments. Thus, our top-down approach will 
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enable middle managers effectively to utilize what they know and what they believe. 

Upper-level management decisions can be supported to the extent that they 

are not relatively subject to political or governmental barriers and are not made on 

the basis of a single important consideration. For example, political forces existing 

within an organization (e.g., coalitions) may significantly influence a decision 

outcome. Some governmental rules and regulations may counteract many important 

factors that would otherwise be critically considered. In the absence of these 

particular barriers, top management also can use this system to assist in their 

decisions. 

7.1.2 Incorporation of Both Rational and Irrational Models of Decision Making 

The present work supports both rational and irrational models of 

organizational decision making. Human choice strategies incorporated into the 

GDSS include both normative and descriptive choice models, and thus provide 

decision makers with appropriate support in either type of situation. The 

significance of supporting both types of decision making models lies in the fact that 

there are situations in organizations when managers must act purposively and 

rationally in solving decision problems (Cyert et al., 1956), while there are other 

situations when they need to resort to satisficing solutions due to the bounded 

nature of rationality-seeking behavior (March and Simon, 1958; Simon, 1978). The 

-~ ---------------------
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capability of supporting both rational and irrational decision making behaviors will 

make the system more flexible, encompassing various decision styles of group 

decision makers. 

7.1.3 On-going Corporate Meeting Support 

In today's organizations, most corporate group meetings, especially those for 

strategic problems, are characterized by on-going discussions of the same problem 

or topic over a period of time. Few meetings for managerial decision making are 

one-time group processes. Typically, a series of collaborative meetings evolves as 

the group moves from addressing a problem or issue initially towards a more mature 

process of finding a solution. 

With the GDSS presented in this research work, on-going corporate meetings 

could be effectively supported through the appropriate management of relevant 

knowledge and data. A complete record of each group session is saved in the 

physical memory of the network so that the next meeting by the same group can 

be resumed from the point at which the preceding session ended. 

7.1.4 Suitability for Complex Decision Problems 

The prototype would be ideal for providing support to groups dealing with 

complex organizational decision problems for which traditional group decision 
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support systems are inadequate. The theory underlying the architecture suggests 

that any intricate problem can be hierarchically organized and broken down into less 

complex ideas or subproblems that a group can manage within the general human 

cognitive capability of information processing. In addition, the system guides the 

group decision process in a step-by-step manner. Overall, these features of the 

system can provide strnctures to ill-structured decision problems to the extent that 

the group can understand the problem better and focus on the development of 

solutions more effectively. 

7.1.5 More Careful Decision Analysis 

As opposed to the traditional generate and rank-order approach, the present 

method of assisting in group choice and judgment tasks enables the individuals in 

a group to think through the available courses of action in terms of the existing 

structural criteria. In addition, the group builds a criteria structure based on the 

relationships among the articulated criteria. Therefore, group participants' 

assessment of the alternatives may be more careful and complete than if the 

alternatives were generated and rank-ordered. The group can potentially have a 

good understanding of which alternative is strong or weak on which criterion for 

what reason. Such an approach may inhibit decision making based on intuitive 

feelings or speculations about environmental changes, but it will promote individuals' 
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in-depth analyses of their problem. 

7.1.6 Decision Phase Iteration 

The focal group choice/judgment support model presented in this dissertation 

would make possible adjusting of decision-reaching situations. At any point in the 

group process, the group can go back to any previous decision phase to redefine 

their preferential information if they feel it is necessary. This is a particularly useful 

feature when the group has trouble reaching consensus. After a brief discussion 

of what seem to be issues about which they most disagree, the group can return to 

a previous phase for an iteration, reformulate the preferences, and reevaluate the 

existing options. Such efforts may help the group opinions adjust toward a high 

degree of consensus. 

7.1.7 Anonymity in Specification of Personal Preferences 

Anonymous participation in a group, whereby no one knows how the others 

have specified their personal preferences has the net effect of neutralizing influences 

among the group members because influence behavior is distributed (Zigurs, 1988). 

This is especially significant in an organizational situation where there is a high 

likelihood of influence stemming from political or hierarchical factors. In manual 

meetings, communication barriers wi]] persist under such a situation (Gallupe and 
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DeSanctis, 1988) and personal preferences will not be adequately reflected in the 

group decision. No such negative effect potentially exists for the prototype system, 

for the preferential information of the group members is known only to themselves, 

and the group decision will reflect simply the aggregated results. 

7.1.8 Potential for More Effective Group Processes 

More effective group processes might result from the prototype approach 

because, first, managers may be able to find a better rationale for justifying their 

decision. As preferences are elicited and manipulated in a more structured, 

consistent, and complete manner, managers engaged in group meetings will have 

good reasons for having made choices that they made. 

Se~uiJd, the guided elicitation of preferences will lead to a facilitated 

identification of common considerations (e.g., criteria) and will eventually help the 

group reach greater consensus on the decision. This is an empirical issue that needs 

to be further explored, but it seems clear that adequate goal-directed elicitation of 

preference information from each individual is likely to prevent potential intragroup 

conflicts from arising. 

Available software tools plus choice models also will render group decision 

processes more productive by reducing the need for managers manually to process 

information. 
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7.2 Contribution 

Contributions of this dissertation research are centered around some technical 

aspects for the GDSS design, including knowledge-based information management, 

extensive integration of MCDM and GDSS, investigation of collective preferences 

as a key aspect in group decision support, and use of cardinal preference orders for 

prioritization. 

7.2.1 Knowledge-Based Information Management 

This dissertation applies one of the AI (Artificial Intelligence) based 

knowledge representation schemes, frame-based knowledge representation, to the 

group decision processes. Preferential information of individual decision makers in 

a meeting, regarded as a key source of knowledge for a group process, is 

represented using a hierarchical network of frames, in which each frame contains the 

preference-related information of a certain criterion. Once preference knowledge 

has been acquired and stored in a knowledge base, necessary information is 

extracted and used in such decis~on phases as alternative assessment and preference 

aggregation. The present work, therefore, deals with issues that involve 

representation, storage, and retrieval of preference knowledge to aid in group 

decision processes. 
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7.2.2 Extensive Integration of MCDM and GDSS 

Multiple criteria decision models available in the related literature are 

extensively integrated with group decision support systems to provide a group with 

support for various needs arising in decision analysis. A1though there were some 

previous efforts toward such integration by some authors (e.g., Bui and Jarke, 1984), 

their integration efforts were not extensive, focusing instead on implementation of 

a single MCDM method for the GDSS software. Furthermore, other research 

attempts were only for the theoretical integration of MCDM with DSS (Decision 

Support Systems) to provide computerized support to multi-criteria decisions for an 

individual decision maker (e.g., Minch and Sanders, 1986; Saaty 1987). The 

integration of MCDM with GDSS is significant in that it provides opportunities to 

link conceptual theories in MCDM to practical problem-solving situations. 

7.2.3 Investigation of Collective Preferences as a Key Aspect in Group Decision 

Support 

The present dissertation work develops a method by which individual 

preferences can be formulated, utilized, and aggregated to derive a group decision. 

Because many managerial decision problems in the group contexts involve 

preferences in which there is no single right answer (DeSanctis and GalJupe, 1987; 
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McGrath, 1984), it is important that the issue of managing personal preferences be 

adequately addressed. Throughout the dissertation, it ha~ been· stressed that 

preferences of group participants should be formulated and organized through a 

structured solicitation, utilized to assist in the individualized evaluation of 

alternatives, and aggregated into a unified group preference using an appropriate 

preference amalgamation procedure. These three aspects of preference 

management are unique strengths that distinguish this dissertation from other 

relevant research works. 

7.2.4 Use of Cardinal Preference Orders for Prioritization 

The present research work represents the first attempt to use cardinal, rather 

than ordinal, preference orders to prioritize a list of alternatives for participants of 

a meeting. Most of the social choice functions and other procedures to aggregate 

the votes of individuals rely on an ordinal ranking in which the priorities of existing 

alternatives are specified only in terms of relative importance; they are simply rank

ordered from the most important. However, the cardinal prioritization requires that 

alternatives be ranked with the specification of corresponding fractions (in percentile 

scores) that indicate the relative strengths of the individual alternatives. Cardinal 

preference orders have advantages over ordinal preference orders, especially when 

the preference orders generated and cast by participants are aggregated. Above all, 
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they permit the use of the more accurate preferences of group members in voting, 

thereby making the social (group) preference order reflect a true image of the 

group opinions. The cardinal prioritization method is fully described in Section 

5.3.3.1. 

7.3 Limitations of the Research 

Despite its useful features, the approach to group decision support presented 

in this dissertation suffers from some functional limitations. These limitations 

suggest that a GDSS designed according to the architecture described is not 

applicable to group meetings for which (1) participants compete for a limited 

resource, (2) ihere are more than 10 alternative courses of action to evaluate, (3) 

the decision outcome is exclusively dominated by a single most important criterion, 

(4) the decision must be made extremely quickly, (5) group members have no 

knowledge of choice models, and (6) the decision analysis requires extensive use of 

quantitative decision models. In addition, the research lacks rigorous validation of 

the prototype to evaluate its strengths and weaknesses. 

7.3.1 Non-Cooperative Meetings 

The group decision support model is applicable to cooperative meetings ' 

where group members work to the best interest of the group, rather than to the 
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interests of the individuals. In other words, it does not lend support to the political 

model of organizational decision making that is characterized by a process of 

bargaining and compromise among the various participants who may perceive 

different aspects of an issue and have widely differing preferences for the decision 

alternatives (Pfeffer, 1981; Rangaswany and Fedorowicz, 1984). Therefore, its use 

in a competitive or conflict situation in which the individuals tend to play games to 

maximize their potential shares of certain limited resources or to avoid responsibility 

for unattractive actions is precluded. 

The latter type of group decision situation is not uncommon in organizations. 

For example, executives of different functional divisions may participate in an 

executive meeting where they must compete for a larger share of the budget. In 

such a case, it is very likely that each participant will specify false preferential 

information, and an unwanted decision outcome will result. 

7.3.2 Size of the Alternative Set 

The prototype system is capable of processing no more than 10 alternatives. 

This limitation is largely related to the internal memory size, suggesting that 

expanding the computer memory would increase the size of the alternative set to 

be permitted. However, given the standard 640 Kilo bytes of microcomputer 

memory size, the direct input of more than 10 alternatives could easily freeze the 
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operation of the network hardware due to the high likelihood of memory crash. A 

group should therefore reduce an initially large number of alternatives to a more 

manageable size before using the software. Such an effort will represent a 

screening process, probably using a VA GDSS tool such as Idea Organizer. 

7.3.3 Exclusive Domination by a Single Factor 

The present GDSS is limited to decision problems in which the determination 

of the decision outcome is not solely dominated by a single most important 

consideration. The proposed approach is more suited to complex decision problems 

for which decision factors are interwoven with one another; there is no reason to 

undergo a sophisticated analysis of the problem when the decision is most likely 

to be determined by a key evaluation criterion. In such situations, the one criterion 

perceived as most crucial by all group members may dominate the choice and 

judgment process. An example would be a situation where all the group members 

are concerned only about the cost of a computer system that is to be purchased 

because of a recent financial loss suffered by the company and do not care at all 

about performance factors. 

7.3.4 Imminency of Decision 

Need for an immediate decision by the group also restricts the applicability 

~~~-------
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of the prototype system, which will not be able to lend support to decision problems 

that must be soJved within the shortest possible time frame. For imminent choice 

and judgment problems, the group may find an adequate solution by identifying the 

alternative solutions and collectively rank-ordering them (i.e., casting votes on the 

prioritization of the alternatives). However, by so doing, the group will have to give 

up the opportunity to analyze the nature of their problem. Thus, there exists a 

tradeoff between a quick solution and an in-depth analysis of a decision problem. 

7.3.5 No Automated Selection of Choice Models 

As one individual who participated in the qualitative study of the prototype 

pointed out, the decision maker may be often uncertain about which choice model 

to select and execute during the alternative assessment process. In fact, this 

inconvenience could be avoided through the use of a specially-designed expert 

system shell that can determine the user needs and recommend a corresponding 

choice model. The absence of such an intelligent model selection function causes 

individuals to perceive excessive complexity unless they have adequate knowledge 

of choice models. This problem currently is overcome through specially arranged 

training sessions in which the participants are given instructions regarding the use 

of the choice models. 
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7.3.6 Quantitative Decision Models 

The prototype GDSS is not capable of providing a wide spectrum of 

quantitative decision models such as the inventory model, the time-series model, the 

linear regression model, and so on. Lacking a rich set of OR-oriented models 

lessens the power of the system to cover various problem domains. Therefore, the 

use of the system is limited only to decision problems that are not quantitatively

oriented. As mentioned in the following chapter, an extension effort will seek to 

achieve more extensive coverage of quantitatively-oriented decision models. 

7.3.7 No Rigorous Research Validation 

One major methodological problem facing this dissertation research is the 

lack of rigor in the validation of the prototype. This dissertation does not present 

a sufficient inventory of empirical evidences to support the claimed advantages, 

benefits, and strengths. 
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CHAPTER 8 

CONCLUSIONS AND RESEARCH EXTENSIONS 

From what has been learned in the present research, some conclusions are 

drawn, which help in viewing the work in the context of a broader research 

perspective. Following summaries of the present dissertation research, this chapter 

will conclude with suggestions for extending the present research work. 

8.1 Conclusions 

The process of prototyping the proposed architecture and the results from 

the qualitative study provided some instructive lessons relating to the GDSS design. 

Four major conclusions can be drawn from what has been observed in the course 

of conducting the present research: (1) support for human choice strategies can be 

integrated into a GDSS, (2) appropriate management of preferences of group 

participation will facilitate collaborative decision processes, (3) hierarchical 

decomposition of a decision problem can provide structures to the problem for 

reducing problem complexity, and (4) managerial decisions are appropriate as 

problems for application of the current approach. Each conclusion is discussed as 
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it relates to the design of GnSS to support managerial choice and judgment tasks 

in organizations. 

8.1.1 Human Choice Strategies as a Useful Component in a GnSS 

Human choice strategies can be a useful component in the GnSS for 

supporting organizational multi-criteria decisions. Because choice strategies are 

modelled from the way people actually make and should make choices among 

competing alternatives, the partial automation of the alternative evaluation process 

renders the overall group process less cognitively demanding. As a few participants 

in the qualitative study pointed out, the provision of different human decision 

models makes the problem-solving process much easier. 

This conclusion is linked to the GnSS design, implying that a GnSS to 

support managerial decision processes should incorporate human choice strategies. 

Of course, some design issues arise in the incorporation processes as to whether the 

choice strategies should be implemented as programming statements or as 

production rules. In any case, it is important that the choice-supporting GnSS be 

equipped with a variety of choice models, so that the system will support various 

styles of decision making for the decision makers. 
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8.1.2 Preference Management for Collaborative Decision Processes 

Appropriate formulation and utilization of personal preferences of the 

decision makers engaged in a meeting may provide a means for effectively 

supporting collaborative decision processes. Preference management through a 

structured method would help the group to make the best use of what its members 

bring to a meeting and to collectively reach a group decision. Conceptualization of 

what the group members bring to the meeting as preferences provides a framework 

for the analysis of the information that needs to be solicited and aggregated by the 

group. Throughout the dissertation it has been emphasized that structured 

acquisition, formul~tion, utilization,. and aggregation of personal preferences specific 

to individual decision makers in a group may positively impact the group's overall 

understanding of the collective expertise, viewpoints, and opinions. Improvement 

in the ability to understand such collective information may lead to more vigorous 

collaborative decision processes. 

8.1.3 Hierarchical Approach for Dealing with Problem Complexity 

Breaking down a decision problem into a hierarchy of subproblems was 

shown to be the basis for providing structures to complex decision problems. This 

is how people approach complicated problems on a daily basis. The initially 

unmanageable problem turns into a manageable problem by providing it with 

------ ----- .--
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structures that make it more easily understood and analyzed. As three participants 

in the functionality test stated, building a criteria structure as a hierarchy is a useful 

feature through which the group will become more aware of what aspects would 

capture the strengths and weaknesses of the alternative courses of action being 

evaluated. 

8.1.4 Managerial Decisions as Applicable Multi-Criteria Decision Problems 

The final conclusion to be drawn from the present research work is that 

managerial decisions could be appropriate for applying the proposed approach. 

Because an organization not only must constantly deal with environmental forces 

(Pfeffer and Salancik, 1978) but also carry out internal activities (Thompson, 1970), 

the task of managers as decision makers is a highly intricate one that involves the 

identification of many intermingled criteria and the analysis of those criteria as the 

basis for a decision. As has been shown in the qualitative study, the prototype was 

not appropriate for a large number of alternatives, and many decisions in the 

operational and secretarial levels in organizations involve the screening of a huge 

number of alternatives (e.g., personal loan approval decisions, entry-level employee 

recruiting decisions, etc.). For those well-structured problems, a fully automated 

DSS (decision support systems) based on predetermined production rules will be 

more appropriate and efficient. Consistent with the central theme of this 
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dissertation, the approach taken in this research was to demonstrate a prototype 

system that can provide adequate support to semi-structured or ill-structured 

managerial decision problems, assisting the managers in defining structural criteria, 

representing criteria in both quantitative and qualitative terms, and relating those 

criteria to a feasible set of alternative plans or policies. 

8.2 Summaries 

Various ideas and discussions about the design of multi-criteria group 

decision support systems were presented in this dissertation. The research work can 

be summarized as follows. 

8.2.1 Development of Collaborative Choice-Making Framework 

A collaborative choice-making framework, based on Simon's intelligence

design-choice-review model, was developed in the context of group decision 

environments. The framework consists of four discrete decision processes involving 

alternative generation, preference specification, alternative evaluation, and 

preference aggr~gation. This research framework provides an intuitive 

understanding of how the group process for solving a multi-criteria decision problem 

proceeds, as well as what discrete activities are involved in such a group process. 
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8.2.2 Presentation of System Architecture for MCDM GDSS 

A system architecture for designing a MCDM GDSS (Multiple Criteria 

Decision Making Group Decision Support System) was built, based upon the 

collaborative choice-making framework. The system architecture contains the 

knowledge base, the data base, and two categories of modules: individual-level 

modules and group-level modules. Individual-level modules include preference 

acquisition, alternative rating, and alternative assessment. Group-level modules 

include criteria identification, criteria organization, preference order aggregation, and 

consensus analysis. 

8.2.3 Implementation of Prototype System 

A prototype that has been implemented to demonstrate the feasibility of the 

system architecture was described. Basically, the components of the prototype 

system correspond to those in the system architecture. Therefore, the prototype 

description focused mainly on the unique functionalities of each individual module. 

Along with the system description, a sample session scenario was presented. 

8.2.4 Validation of Prototype System 

Finally, the prototype system was partially validated based on three testing 

procedures: system verification, a functionality test, and an empirical study planned 
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for the future. The prototype was verified against any possible malfunctions, errors, 

or bugs, using as a test case a faculty candidate recruiting problem. Step-by-step 

presentation of the system-user interactions for the given problem demonstrated 

that the prototype system operates in the manner that was intended. 

In the second-level test, which was conducted through a qualitative study 

using meetings involving two groups from the University of Arizona MIS 

department, comments and feedback were solicited by means of questionnaires and 

interviews. Strengths of the system stated by the groups included (1) good interface 

features, (2) capability of dealing with problem complexity, (3) adequacy for 

managerial decision problems, (4) effectiveness and efficiency as a method of solving 

multi-criteria decision problems in group environments, (5) what-if capability, and 

(6) provision of different models of decision making. On the other hand, 

weaknesses mentioned by the group were (1) inability to provide an integrated 

summary of results of choice models, (2) tediousness of sequentially executing choice 

models, (3) absence of on-line help utilities, (4) invisibility of the parent/child tree, 

(5) training requirements, and (6) the possibility of an intransitivity problem. 

The third-level empirical validation test has not been conducted for the 

present dissertation, but a detailed research plan was presented, discussing a 

proposed controlled laboratory experiment. This laboratory experiment is intended 

to assess the effectiveness of the prototype using 30 groups of student subjects (10 
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for control groups and 20 for two types of experimental groups). 

8.3 Research Extensions 

Several directions for future research can be suggested in response to the 

limitations pointed out in the previous chapter. These directions will be considered 

as extensions and improvements of the proposed GDSS system. 

8.3.1 Empirical Assessment of Prototype Effectiveness 

First, a follow-up study will be conducted to test the system in a controlled 

laboratory experiment setting. This empirical study will follow the research plan 

described in Chapter 6. It would be a rigorous way of validating the prototype, the 

results of which should tell much more about the potential benefits of the system. 

8.3.2 Automation of Model Selection Process 

As pointed out in the preceding chapter, the inconvenience of manually 

having to determine which model to run will be avoided, as an expert system shell 

will be developed and added to the present prototype to automate the model 

selection process. Such an expert system shell will rely on the system-user dialogue 

to identify user needs for the assessment of the alternatives. 
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8.3.3 Provision of a Non-anonymity Feature 

Presently, the prototype operates under anonymous conditions where 

preferences of each individual in a group are only known to him or to her for 

fostering a more effective reflection of the opinions, viewpoints, and expertise 

possessed by individual decision makers. However, there may be situations in which 

a group needs to observe the views of particular individuals within the group. In 

order to provide support to such non-anonymity needs, the system can be extended 

to include an option to display preferential information formulated and specified by 

a subset of group participants in the public screen. 

8.3.4 Application of Fuzzy Set Theory 

As discussed in Chapter 2, the application of the theory of fuzzy sets to 

group decision making will be a useful extension of the present work. In particular, 

a group's rating of the alternatives based on a fuzzy set technique should add to a 

GDSS substantial power to deal with qualitative criteria involved in managerial 

decision making. 

8.3.5 Development of Second-Generation Prototype 

The second-generation prototype will be developed by incorporating the 

suggestions for improvement and the problems and limitations identified by the 
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participants in the qualitative study. In addition, the results of the empirical study 

should provide valuable information regarding the strengths and weaknesses of the 

system and may suggest areas of improvement. The future research will also extend 

the current work to include a richer inventory of quantitative decision models. This 

added feature will make data-oriented group meetings in particular more effective, 

efficient, and productive. 

8.3.6 Assessment of Potential Impacts of Group Dynamics on System Effectiveness 

This dissertation has not considered any potential impacts of variables 

relating to group dynamics upon the effectiveness of the prototype system. 

However, it is recognized that various aspects of group dynamics may affect the 

productivity, effectiveness, and efficiency of meetings supported by the present 

prototype. 
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APPENDIX A 

DECISION TASK FOR LABORATORY EXPERIMENT 

Decision Task for Groups 

You are employed by Acme bank to serve on a loan committee. The loan 
committee must determine the approvability of the commercial loans requested by 
companies. There are 10 requesting companies, but the committee is restricted to 
granting loans to only 3 companies. Each of you will make a rank ordered list of 
the alternatives (from the most important to the least important). These lists 
collected from individuals will be aggregated to yield a group decision. 

The committee's final decision on the loan approvabiIity for each requesting 
company will depend upon combined voting results cast by individuals. Suggested 
criteria for evaluating the companies are the firm character, the repayment capacity, 
the existing capital, the collateral, and the credit status. You may add other criteria 
to consider if needed. 

Company 1: 
Length of history of the firm - 15 yrs. 
Concentrating business - Computer hardware manufacturer 
Key management - average 
Market share - 20% 
Level of competition - very competitive 
Current ownership/control - $2M 
Banking relationship - very good 
Current assets - $10,000 
Liability-to-assets ratio - 1.2 
Net working capital - $5,000 
Portion of plant and equipment taken as collateral - 40% 
Total existing loans - $2M 



Requested loan amount - $300,000 

Company 2: 
Length of history of the firm - 32 yrs. 
Concentrating business - Steel manufacturer 
Key management - highly experienced 
Market share - 40% 
Level of competition - not competitive 
Current ownership/control - $20M 
Banking relationship - o.k. 
Current assets - $2.9M 
LiabiIity-to-assets ratio - 0.7 
Net working capital - $300,000 
Portion of plant and equipment taken as collateral - 10% 
Total existing loans - $8.5M 
Requested loan amount - $lM 

Company 3: 
Length of history of the firm - 75 yrs. 
Concentrating business - Food distributor 
Key management - average 
Market share - 5% 
Level of competition - very competitive 
Current ownership/control - $30,000 
Banking relationship - very good 
Current assets - $15,000 
LiabiIity-to-assets ratio - 2.0 
Net working capital - $5,000 
Portion of plant and equipment taken as collateral - 100% 
Total existing loans - $70,000 
Requested loan amount - $100,000 

Company 4: 
Length of history of the firm - 2 yrs. 
Concentrating business - computer hardware manufacturer 
Key management - highly experienced 
Market share - 30% 
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Level of competition - very competitive 
Current ownership/control - $5M 
Banking relationship - lower than average 
Current assets - $2.2M 
Liability-to-assets ratio - 0.5 
Net working capital - $5,000 
Portion of plant and equipment taken as collateral - 0% 
Total existing loans - $15,000 
Requested loan amount - $350,000 

Company 5: 
Length of history of the firm - 20 yrs. 
Concentrating business - Broadcasting company 
Key management - average 
Market share - N.A. 
Level of competition - Not competitive 
Current ownership/control - $10,000 
Banking relationship - average 
Current assets - $40,000 
Liability-to-assets ratio - 2.5 
Net working capital - $5,000 
Portion of plant and equipment taken as collateral - 50% 
Total existing loans - $120,000 
Requested loan amount - $65,000 

Company 6: 
Length of history of the firm - 40 yrs. 
Concentrating business - Automobile manufacturer 
Key management - highly experienced 
Market share - 15% 
Level of competition - very competitive 
Current ownership/control - $1M 
Banking relationship - moderate 
Current assets - $10M 
Liability-to-assets ratio - 0.9 
Net working capital - $25,000 
Portion of plant and equipment taken as collateral - 5% 
Total existing loans - $30,000 
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Requested loan amount - $600,000 

Company 7: 
Length of history of the firm - 10 yrs. 
Concentrating business - Hospital 
Key management - Poor 
Market share - 30% 
Level of competition - Not competitive 
Current ownership/control - $3.5M 
Banking relationship - o.k. 
Current assets - $900,000 
Liability-to-assets ratio - 1.5 
Net working capital - $25,000 
Portion of plant and equipment taken as collateral - 0% 
Total existing loans - $0 
Requested loan amount - $200,000 

Company 8: 
Length of history of the firm - 9 yrs. 
Concentrating business - Shoe manufacturer 
Key management - Moderate 
Market share - 3.5% 
Level of competition - very competitive 
Current ownership/control - $50,000 
Banking relationship - fairly good 
Current assets - $120,000 
Liability-to-assets ratio - 1.3 
Net working capital - $2,000 
Portion of plant and equipment taken as collateral - 60% 
Total existing loans - $2M 
Requested loan amount - $500,000 

Company 9: 
Length of history of the firm - 18 yrs. 
Concentrating business - Educational institution 

(university) 
Key management - fairly experienced 
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Market share - N.A 
Level of competition - N.A 
Current ownership/control - $3M 
Banking relationship - o.k. 
Current assets - $1.2M 
Liability-to-assets ratio - 0.3 
Net working capital - $3,000 
Portion of plant and equipment taken as collateral - 0% 
Total existing loans - $0 
Requested loan amount - $120,000 

Company 10: 
Length of history of the firm - 35 yrs. 
Concentrating business - Oil refinery 
Key management - highly experienced 
Market share - 15% 
Level of competition - fairly competitive 
Current ownership/control - $12M 
Banking relationship - very good 
Current assets - $5.5M 
Liability-to-assets ratio - 2.2 
Net working capital - $90,000 
Portion of plant and equipment taken as collateral - 70% 
Total existing loans - $3M 
Requested loan amount - $2M 
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APPENDIX B 

INSTRUMENTS FOR A LABORATORY EXPERIMENT 

1. The Pre-Meeting (Background) Questionnaire 

Personal Data 

1. Your sex: Female Male (Circle the appropriate category) 

2. Your age: _____ years 

3. Your grade level: _____________ _ 
(Freshman/Sophomore/J unior/Senior) 

4. Your major: ______________ _ 

Computer Literacy 

1. How would you rate your knowledge and skills in computers? 
(Circle the appropriate item) 

Very 
Good 

Fairly 
Good 

O.K., Poor No experience 
with computers 

2. Is typing on a computer keyboard indeed a hard task for you? 
(Circle the appropriate item) 
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Very 
Hard 

Fairly 
Hard 

About 
Average 

Fairly 
Easy 

Very 
Comfortable 
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3. How many computer-related courses have you taken? If you have 
taken one or more such courses, please list the course names below: 

Computer Usage 

1. What is your average daily usage of a computer in hours? 
(Circle the appropriate item) 

None 
1 - 2 
hours 

3-4 
hours 

5 - 6 
hours 

More than 
6 hours 



2. The Post-Meeting Questionnaire 

Perceived Decision Quality 

1. The overall quality of the decision was: 
(Circle the appropriate item) 

Very 
Poor 

Somewhat 
Poor O.K. 

Somewhat 
Good 

Very 
Good 

I_", ________ ~--------~----------~--------~ 

2. The decision, on the whole, was: 
(Circle the appropriate item) 

Very 
Ineffective 

Somewhat 
Ineffective O.K. 

3. The outcome of the decision was: 
(Circle the appropriate item) 

Very 
Unsatisfactory 

Somewhat 
Unsatisfactory O.K. 

4. The decision was executed: 
(Circle the appropriate item) 

Very Somewhat 
Incompetently Incompetently O.K. 

Somewhat 
Effective 

Somewhat 
Satisfactory 

Somewhat 
Competently 

Very 
Effective 

Very 
Satisfactory 

Very 
Competently 
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5. The issues explored in the decision were: 
(Circle the appropriate item) 

Very 
Trivial 

Somewhat 
Trivial O.K. 

Somewhat 
Substantial 

6. The content of the decision was developed: 
(Circle the appropriate item) 

Very 
Carelessly 

Somewhat 
Carelessly O.K. 

Somewhat 
Carefully 

Very 
Substantial 

Very 
Carefully 

7. The manner in which the participants examined issues was: 
(Circle the appropriate item) 

Very Non
constructive 

Somewhat Non-
constructive O.K. 

Somewhat 
Constructive 

Very 
Constructive 
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8. The group's movement toward reaching a conclusion on the decision problem, 
under the circumstances, was: (Circle the appropriate item) 

Very Somewhat 
Insignificant Insignificant O.K. 

Somewhat 
Significant 

Very 
Significant 
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Satisfaction Level 

Outcome Satisfaction 

1. How satisfied or dissatisfied are you with the quality of your group's solution? 
(Circle the appropriate item) 

Very Somewhat 
Dissatisfied Dissatisfied O.K. 

Somewhat 
Satisfied 

Very 
Satisfied 

2. To what extent does the final solution reflect your inputs? 
(Circle the appropriate item) 

Very 
Little 

Fairly 
Little Somewhat 

Fairly 
Much 

Very 
Much 

3. To what extent do you feel committed to the group solution? 
(Circle the appropriate item) 

Very 
Little 

Fairly 
Little Somewhat 

Fairly 
Much 

Very 
Much 

4. To what extent are you confident that the group solution is correct? 
(Circle the appropriate item) 

Very 
Little 

Fairly 
Little Somewhat 

Fairly 
Much 

Very 
Much 
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5. To what extent do you feel personally responsible for the correctness of the 
group solution? (Circle the appropriate item) 

Very 
Little 

Fairly 
Little 

Process Satisfaction 

Somewhat 
Fairly 
Much 

Very 
Much 

1. How would you describe the efficiency of your group's problem solving process? 
(Circle the appropriate item) 

Very 
Inefficient 

Somewhat 
Inefficient O.K. 

Somewhat 
Efficient 

Very 
Efficient 

2. How would you describe the coordination of your group's problem solving 
process? (Circle the appropriate item) 

Very Un- Somewhat Un- Somewhat 
coordinated coordinated O.K. Coordinated 

Very 
Coordinated 

3. P.:uw would you describe the fairness of your group's problem solving process? 
(Circle the appropriate item) 

Very 
Unfair 

Somewhat 
Unfair O.K. 

Somewhat 
Fair 

Very 
Fair 
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4. How would you describe the understandability of your group's problem solving 
process? (Circle the appropriate item) 

Very Somewhat 
Confusing Confusing O.K. 

Somewhat 
Understandable 

Very 
Understandable 

5. How would you descdbe the extent to which your group's problem solving 
process was satisfying? (Circle the appropriate item) 

Very Somewhat 
Unsatisfying Unsatisfying O.K. 

Confidence Level 

Somewhat 
Satisfying 

Confidence about the Individual's Preference Order 

Very 
Satisfying 

1. How confident do you feel about your own preference order generated with the 
help of the system? (Circle the appropriate item) 

Very 
Negative 

Somewhat 
Negative Average 

Somewhat 
Confident 

Very 
Confident 

2. How certain are you that your own preference order will provide a successful 
solution to the given problem? (Circle the appropriate item) 



Very Somewhat Somewhat 
Uncertain Uncertain Average Certain 

Confidence about the Group's Preference Order 

Very 
Certain 

1. How confident do you feel about the decision that your group arrived at? 
(Circle the appropriate item) 

Very Somewhat 
Negative Negative Average 

Somewhat 
Confident 

Very 
Confident 
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2. How certain are you that the preference order generated by your group will 
provide a successful solution to the given problem? (Circle the appropriate item) 

Very Somewhat 
Uncertain Uncertain 

Cognitive Burden 

Average 
Somewhat 
Certain 

Very 
Certain 

1. How complicated was the decision problem that your group had to solve? 
(Circle the appropriate item) 

Very 
Simple 

Somewhat 
Simple Average 

Somewhat 
Complicated 

Very 
Complicated 



2. How much thinking was required of you in solving the problem? 
(Circle the appropriate item) 

Very 
Little 

Fairly 
Little Somewhat 

Fairly 
Much 

Very 
Much 

3. How often did you feel uncertain and frustrated because of the difficult or 
demanding nature of the problem? (Circle the appropriate item) 

Very 
Rare 

Somewhat 
Rare Average 

Somewhat 
Often 

Very 
Often 
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3. Gouran's Measure of Perceived Decision Quality 

Gouran et aI. (1978) developed an instrument to measure perceived decision 

quality for their study to assess the relationship between group member behavior 

and perceptions of decision quality. Their instrument involves two sets of scales: 

one set of questionnaire items (8 items) was for measuring perceived quality, and 

the other (9 items) for measuring the subjects' assessment of group member 

behavior. 

The eight items used to measure perceived quality were: 

1. The overall quality of the discussion was: Poor/Good 

2. The discussion, on the whole, was: IneffectivelEffective 

3. The outcome of the discussion was: Unsatisfactory/Satisfactory 

4. The discussion was: Incompetently Executed/Competently Executed 

5. The issues explored in the discussion were: Trivial/Substantial 

6. The content of the discussion was: Carelessly Developed/Carefully Developed 

7. The manner in which the participants examined issues was: 

Nonconstructive/Constructive 

8. The group's movement toward reaching a conclusion on the discussion question, 

under the circumstances, was: Insignificant/Significant. 

The nine items for measuring the subjects' assessment of group member 
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behavior were the following: 

1. The behavior of the group was: Not Goal-directed/Goal-directed 

2. The participants initiated discussion on: Irrelevant IssueslRelevant Issues 

3. The participants' contributions were: Poorly Amplified/Well Amplified 

4. The participation in the discussion was: Unevenly Distributed/Evenly Distributed 

5. The position taken in the discussion were: UndocumentedlDocumented 

6. Ideas expressed in the discussion were: Uncritically Examined/Critically Examined 

7. The participants dealt with issues: Unsystematically/Systematically 

8. The interpersonal relationships among the participants appeared to be: 

Unhealthy/Healthy 

9. The functions of leadership in the discussion were: Poorly Served/Well Served. 

Gouran et aI. (1978) indicate that the reliability of the individual items used as 

measures of perceived quality ranged from .84 to .93 while the reliability for the 

nine behavioral measures ranged from .71 to .83. 
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4. Green and Taber's Five Measures of Group Process 

The instrument developed by Green and Taber includes the following five 

group process measures: (1) personal task participation, (2) Negative socio

emotional behavior, (2) negative socio-emotional behavior, (3) solution satisfaction, 

(4) decision scheme satisfaction, and (5) informal leadership. Green and Taber 

(1980) used these five measures as dependent variables to study the effects of 

different group decision-making schemes on group decision process. The 

questionnaire items included in each of the five measures are: 

1. Personal Task Participation 

a. Made suggestions about doing the task. 

b. Gave information about the problem. 

c. Asked others for their thoughts or opinions. 

d. Showed attention and interest in the group's activities. 

e. Asked for suggestions from others in the group. 

2. Negative Socio-Emotional Behavior 

a. Felt frustrated or tense about other's behavior. 

b. Rejected others' opinions or suggestions. 

c. Expressed negative opinions about some one's behavior. 

d. Your opinions or suggestions were rejected. 
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e. Others expressed a negative opinion about your behavior. 

3. Solution Satisfaction 

a. How satisfied or dissatisfied are you with the quality of your group's solution? 

b. To what extent does the final solution reflect your inputs? 

c. To what extent do you feel committed to the group solution? 

d. To what extent are you confident that the group solution is correct? 

e. To what extent do you feel personally responsible for the correctness of the 

group solution? 

4. Decisil)n Scheme Satisfaction: How would you describe your group's problem 

solving process? 

a. efficient ... inefficient 

b. coordinated ... uncoordinated 

c. fair . . . unfair 

d. confusing ... understandable 

e. satisfying ... dissatisfying 

5. Informal Leadership 

a. Did you feel one person influenced the final solution more than the rest of the 

group? 

b. Did anyone emerge as an information leader? 

c. One or two members strongly influenced the group decision. 
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Among these items, all but those appearing in measure 4 (decision scheme 

satisfaction) use a five-point Agree-Disagree scale, with anchors, "Not at All," "To 

a Little Extent," ''To Some Extent," ''To a Great Extent," and ''To a Very Great 

Extent" (Green and Taber, 1980, p.101). Green and Taber formed and used 

composite indices that were computed by averaging the items that define each factor. 

Thus, use of this instrument should yield five composite indices that can characterize 

a particular decision making group, where each composite index is in the range 

from 1 to 5. 
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In this appendix, we present a manual of the prototype system, using selected 

sample screens. The system manual is organized into three sections: (1) System 

Requirements, (2) General System Descriptions, and (3) Walk-Through Examples. 

Section 1 describes the hardware and software requirements for the operation of 

the prototype system. Section 2 discusses input files, the task of participants, and 

the output files for the five programs that include Criteria Organization, Preference 

Acquisition, Alternative Rating, Alternative Assessment, and Preference Aggregation. 

In section 3, the walk-through of each program is illustrated to provide the reader 

with a better idea of how the system works. The Criteria Organization tool and the 

Preference Aggregation tool are operated by the facilitator, while the Preference 

Acquisition tool, the Alternative Rating tool, the Alternative Assessment tool are 

used by the participants on an individual basis. 

1. System Requirements 

The prototype has been developed to run on the present GDSS configuration 
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of the VA CMI Enterprise Room (See Chapter 2 for the illustration of the VA 

GDSS configuration). However, it can be operated in other networked 

environments, provided that the following hardware and software requirements are 

satisfied. 

A. Hardware Configuration 

An acceptable hardware configuration is one that is equipped with a personal 

computer (PC) network with at least five user workstations. A 20-user PC network 

would be ideal to support the type of choice problems focused on in this 

dissertation. 

Because the software in the prototype is IDM compatible, persona) 

computers connected to the network should be ones that are supported by the PC

DOS or MS-DOS operating systems. In addition, all the PCS need to be equipped 

with color monitors and adapters. The minimum amount of memory required is 640 

kilo bytes. 

In general, local area networks (LAN) are not appropriate for operating the 

prototype software, and LAN typically support workstations that are dispersed 

throughout a building, because synchronous communication capability is required for 

this software. The group decision process intended to be supported by the 

prototype is suited to a face-to-face situation in which group members are both 
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temporally and geographically non-distributed. 

B. Software Configuration 

Major considerations in the software requirements are the DOS (Disk 

Operating System) and the network software. As mentioned above, both PC-DOS 

and MS-DOS will support the prototype software. Second, the network software 

recommended for running this software is either the IBM PC Network program or 

the Novell network program. In fact, the Novell network software outperforms 

the IBM counterpart in terms of speed and network efficiency. The network 

software must be installed in memory before the prototype software can be run. 

The final component of the software requirements is the prototype software 

that consists of five programs. File names for these programs are: 

OrgCrit.exe 
AcqPref.exe 
RateAlt.cxe 
Assess.exe 
Aggrgate.exe. 

Each of these programs requires four parameters that must be appended at the end 

of the program name each time it needs to be run. The first parameter is a 

numeric value indicating the number of users (participants) involved in a meeting. 

The second parameter is the subdirectory name where the facilitator programs 

reside. The third and fourth parameters are logical drive names that respectively 
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indicate the public directory (where user programs reside) and the individual user 

directory (where participant-specific files are stored). For example, if the Criteria 

Organization tool needs to be invoked, the facilitator will type 

Orgent 15 O:\UAZ\ H: G: 

at the 'C>' DOS prompt. This tells the program that there are 15 participants 

presently associated with the meeting, that facilitator programs are located in the 

subdirectory named 'O:\UAZ\', and that user programs and user-specific data files 

can be found in 'H:' and 'G:' respectively. Normally, in order to avoid typing this 

lengthy command line, command lines to invoke all five programs are stored in a 

batch file with necessary parameters in each line, so that they can be automatically 

executed. The contents of such a batch file will be: 

Cd \UAZ\Faciltor 
OrgCrit %1 %2 %3 %4 
Cd \UAZ\Public 
AcqPref % 1 %2 %3 %4 
RateAlt % 1 %2 %3 %4 
Assess %1 %2 %3 %4 
Cd \UAZ\Faciltor 
Aggrgate %1 %2 %3 %4. 

Suppose, the name of the batch file is 'Start.bat.' Then, the facilitator types 

Start 15 O:\UAZ\ Ii: G: 

to initiate a session. It must be ensured that programs, OrgCrit.exe and 

Aggrgate.exe, are in the facilitator program directory, and the rest of the programs 
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in the public directory. 

2. General System Descriptions 

This section discusses the operations of the prototype with respect to the 

input files, the task of participants, and the output files. It will help the reader 

understand how the system manages data and knowledge files in conjunction with 

the participants. 

A. Criteria Organization 

This program is designed for use by the group facilitator in interactions with 

the group participants. The major purpose of the program is to help the group to 

build the hierarchical structure of criteria. 

(1) Input Files 

The input file needed by the Criteria Organization tool is 'list.io' that is a 

Ifnear criteria list generated through the brainstorming and idea organizer tools. 

The program copies the 'list.io' file from the subdirectory where it exists, and 

automatically renames it to a file name with the extension name '.crt'. 

(2) Task of Participants 
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Group participants will collectively build a hierarchical structure of criteria. 

This is a facilitated activity for the group in which the group facilitator operates the 

software and the participants contribute verbal inputs. The group breaks down each 

criterion to lower-level subcriteria until the criterion can be operationalized. 

(3) Output Files 

The final result of the next process is the generation of a hierarchical criteria 

structure. Specifically, there are four output files created by this tool with the 

following file extension names. 

str - Contains the basic structure of the criteria. 

ftl - Has the names of the individual criteria which are graphically represented. 

It can be printed as hard copy. 

sea - Contains the scales of the individual criteria. 

de! - Contains the definitions and comments for the individual criteria. 

When the hierarchical structure is distributed to the individual work stations, 

two files are copied from the '.fiI' and '.sca' files, and renamed to 'Preferen.frm' and 

'Preferen.sca'. They will be input to the next tool. 

B. Criteria Acquisition 

The present program is intended to help each individual specify his/her own 
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preference knowledge as to the predetermined criteria. An individual receives a 

hierarchical criteria structure distributed by the group facilitator, determines weights 

for each criterion, and specifies cutoffs on dimensions (criteria) where necessary. 

This information should be useful in assisting the decision maker in evaluating the 

al terna tives. 

(1) Input Files 

Files relating to the common criteria structure distributed by the group 

facilitator are fed into this program. The program takes two input files: 

Preferen.fnn: structural frames 

Preferell.sea: scales for criteria. 

(2) Task of Participants 

The key task of group participants in this program is specification of 

preferences involving criteria weights and cutoffs. Each participant will determine 

weightings and thresholds for individual criteria through the hierarchy. 

(3) Output Files 

Output from this program contains individual-specific preferences stored in 

a separate file. An output file is generated. 

Preferell.prf: personal preferences. 
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C. Alternative Rating 

The Alternative Rating tool allows the group participants to enter values of 

alternatives for each of the dimensions earlier determined by the group, based on 

the scales that were created using the Criteria Organization tool. Individuals will 

use their personal/preferential judgment to determine "how well each alternative 

meets various criteria under consideration." 

(1) Input Files 

Direct inputs into the program will be the following files. 

Preferell.Fnn - the criteria structure file 

Preferen.Sca - the criteria scale file 

Preferell.Prf - the preferential file 

Altlist.Fil - the linear list of existing alternatives. 

(2) Task of Participants 

Participants will be engaged in a task of determining how strong each 

alternative is in meeting each of the criteria. Information required is either 

judgmental or known. This is an activity for the individuals, rather than the group 

as a whole. 
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(3) Output Files 

The result of this activity is a set of alternative rating files that have a 

spreadsheet format. In these files, data for alternative ratings are represented as 

a matrix in which rows indicate alternatives and columns show criteria. Generated 

files are: 

Pllodes.Dat - Contains the node numbers of parent nodes in a reverse order (from 

bottom level to the top level). The last data item in the file indicates the number 

of parent nodes. 

Alt*.Dat - Each of these files has spreadsheet-type data of alternative ratings. 

There is one such file for each hierarchical level. If there are 1Z number of parent 

nodes in the criteria hierarchy, there will also be 1Z number of 'Alt*.dat' files that 

are named Alt1.dat, Alt2.dat, ... , Altn.dat. 

D. Alternative Assessment 

The Alternative Assessment tool helps the group participants evaluate the 

existing alternatives to determine which alternative best meets the overall criteria. 

This tool provides a set of MCDM (Multiple Criteria Decision Making) models that 

can assist the group members in understanding which alternatives are more feasible 

and which are less feasible. Through this process, an individual will be able to 



'prioritize' the alternatives, which will lead to the voting activity. 

(J) Input Files 

Direct inputs into the program will be the following files. 

Preferell.Fnn - the criteria structure file. 

Preferell.Sea - the criteria scale file. 

Preferell.Prf - the preferential file. 

Altlist.Fil - the linear list of alternatives 

Alt*.Dat - the alternative ratings 

(2) Task of Participants 

232 

Participants will individually evaluate the overall strength of each alternative, 

based on the alternative ratings. Individuals will compare the alternatives, and 

generate their own preference orderings in which the alternatives are prioritized. 

(3) Output Files 

Preference ordering is created in an ASCII file containing alternative names, 

computed utilities, and fractions in percentage. Since each individual will generate 

one such file, there will be multiple files as a consequence of voting. The next 

program will aggregate these files into a single group preference ordering. 
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LillOrd.lst - the linear ordering list. 

E. Preference Aggregation 

The Preference Aggregation tool is a program intended to combine the votes 

cast by the group members. It aggregates individuals' preference rankings into a 

single (social) linear ordering for the group, analyzes the vote structure to examine 

consensus/disagreement patterns, and helps trace possible reasons for intra-group 

conflict when there is a high degree of disagreement among the group participants. 

(1) Input Files 

Input files into this program are the following. 

lillord.Lst - each participant's linear ordering. 

Altlist.Fil - the linear list of alternatives. 

Alt*.Dat - the alternative ratings (to be used when tracing backwards for 

disagreements ). 

(2) Task of Participants 

This is a concluding step in the group decision process. The task of the 

participants is to combine multiple linear orderings into one, and analyze the 

consensus patterns. Group participants will view and discuss the results against any 
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existing disagreements or differences in viewpoints. 

(3) Output Files 

This program produces two major output files. 

Groupord.Lst - the final prioritized list. 

Consens.Dat - the statistical results regarding the distribution of votes. 

These are both standard ASCII files printable as hard copy. These results, in the 

meantime, are also displayed on the big screen for the group to view. 
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3. Walkthrough Examples 

The purpose of walkthrough examples is to demonstrate to the reader how 

a group decision session might be conducted using the tools in the prototype. 

Sample screens shown in this section are sequentially arranged in the order that a 

sample session proceeds. The example decision task used is a faculty recruiting 

problem in which a faculty search committee will collectively evaluate five 

prospective candidates to fill an available position at a university. 
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A. A Walkthrough with the Criteria Organization Tool 

As a group meeting is initiated, the group will use the EBS and Idea 

Organizer to navigate issues and ideas related to a given topic. The next program 

to use is the Criteria Organization tool that is activated with the following individual 

menu options. 

1. Load an Existing Criteria Stnlcture: This option allows the group to choose 

among criteria structures that have previously been defined. It is a useful feature, 

especially when the decision problem is a repetitive task for different sets of 

alternatives over different time periods. For example, faculty recruiting occurs twice 

every year, in which case the structure, once generated, can be reused with possible 

modifications. 

2. Use the Idea List Created (rom Idea Organizer: One of the output files resulting 

from the use of the EBS and Idea Organizer tools by the group is 'IDEA.IO', which 

contains a list of extracted ideas. The group may use this idea list to build a 

hierarchy of criteria. 

3. Build/Edit a Hierarchy of Evaluation Criteria: This will allow the group members 

to create or edit a criteria structure. 

4. SpecifY a Scale for Each Criterio1l: Once a criteria structure has been created, the 
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group needs to attach a scale to each individual criterion, so that when subsequently 

rating the alternatives, they can represent the values of the alternatives internally 

in the system. Representation can be both quantitative and qualitative. 

5. View the Hierarchical Criteria Strncture: Through this option, the group can view 

the hierarchical structure of criteria displayed graphically in a window. If the 

structure is large, it can be browsed up and down using the arrow keys to enable 

participants to see what the structure looks like. 

6. Distribute the Stnlcture to Group Members: When the structure has been 

created/edited and the associated scales have been created/edited, the facilitator can 

distribute the criteria structure to all individual group members, so that they can 

work on it. 

7. Exit from This Program: Choosing this option causes the program to be 

terminated. 



,',: Load an Existing Criteria Structure 
.. ' Use the Idea List Created from Idea Organizer 

Build/Edit a Hierarchy of Evaluation Criteria 
Specify a Scale for Each Criterion 
View the Hierarchical Criteria Structure 

'.' Distribute the Structure to Group Members 
Exit from This Program 

The HIERARCHICAL ORGANIZATION OF CRITERIA tool is designed to help 
the group build and organize a hierarchy of evaluation criteria that 
will contain dimensions (criteria) and their corresponding scales. 
The criteria structure must be agreed by all group members. 
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This figure illustrates an opening screen with the main menu options. The 

message at the bottom of the screen describes the purpose of the program. When 

there are existing criteria structures to choose from, the group should start with the 

first option. 



File Name 

. PIMA 
FACULTY 

Created Oate 

2-09-89 
2-16-89 

Select a file to load from the window 

Size 

4351 bytes 
1782 bytes 
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When the first option has been chosen, a window like the one shown above 

pops up, listing the names of previously defined criteria structures. The system 

searches the current directory of the network drive for the files associated with 

criteria structure. For example, if the group wants to work on the same type of 

problem as in the previous meeting, that criteria structure can be retrieved and 

possibly modified. 
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Do you want to BUILD or EDIT a criteria structure? 2 

1. Build a new structure 

2. Edit an existing structure 

A desired file name can be selected as the default criteria structure. Or, 

when the group is dealing with a new decisiOll problem, a new structure can be 

created by choosing the third menu option (BuiJJ/Edit an Existing Structure). This 

option first displays a window like the one shown in the above figure. 

-----~-----------



A .~ mark indicates a bottom node; i.e., no children under it 

.,...-------- EVALUATION CRITERIA ---------"'11 
CRITERIA LIST FOR LEVEL 1 [ FACULTY RECRUITING] 

I RESEARCH CAPABILITY 
I TEACHING CAPABILITY 
I COMMUNICATION SKILLS 
II EDUCATION 

.... ------ Criteria structure Name: FACULTY - _____ --'1 

F3: Up level/ F4: Down level/ F5: Insert/ F6: Delete/ CR: Change/ ESC: Exit 
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To create a new structure, '1' should be typed, otherwise an existing structure will 

be retrieved for modifications. 

When there already exists a criteria structure, a window is displayed that lists 

the first level criteria. The user can either move around (up & down across levels 

and within a level) or edit (insert, delete, & change) criteria names. For our 

example problem (faculty recruiting), research capability, teaching capability, 

communication skills, and education are defined in the highest level of the 

hierarchy. 



A )' mark indicates a bottom node; i.e., no children under 1t 

.... -------- EVALUATION CRITERIA - ....... -------"" 

CRITERIA LIST FOR LEVEL 2 [ COMMUNICATION SKILLS ] 

·1 VERBAL SKILLS ~ 
I WRITING SKILLS ~ 

Type the name of a criterion: 

..... ----- Criteria Structure Name: FACULTY -------

Enter the criterion; Press <ESC> to exit. 
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When the F4 key has been pressed, the system can take two possible actions 

depending on whether the criterion node in which the cursor is presently located 

has children under it. If this node is at the lowest level of the hierarchy (i.e., there 

is no child under it), there will be a beep sound with a message at the bottom line 

of the screen that says "Currently no subcriteria under this criterion. Want to add? 

N." With a 'Y' response, a window as shown above is displayed, prompting for the 

Hames of the next level criteria to be entered one at a time. At the prompt "Type 

the name of a criterion", the decision maker will enter the criteria names that will 

be subordinate to the current node. A 'N' or <CR> response will abort the 

request. 
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A .~ mark indicates a bottom node; i.e., no children under it 

..... -------- EVALUATION CRITERIA ----------. 

CRITERIA FOR RELEVANCY OF MAJOR AREA TO MIS FIELD 

Criterion 115: 

MAJOR IN GRADUATE STUDY 

Number of criteria entered: 4 

------ Criteria Structure Name: FACULTY ______ -00II 

Enter the criteria list, one on each line; Press <CR> to exit. 

Notice that each time a criterion is typed, the window keeps track of and shows 

how many criteria have been entered, as shown in the above sample screen. The 

system will keep displaying the prompt until the user presses the <CR> key at the 

prompt, when criteria-entering is terminated. 

On the other hand, if the system detects that the present node has children, 

it displays the next level criteria associated with that node, updating the status 

message on the top line of the window; the level is incremented by 1, and the 

parent node name in a bracket is replaced by a new criterion name. 
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A .~ mark indic.ates a bottom nude; i.e., no children under it 

,--------- EVALUATION CRITERIA ---------'"11 
CRITERIA LIST FOR LEVEL 3 [ PUBLICATIONS 

I If IN JOURNALS ~ 
III If IN CONFERENCE PROCEEDINGS ~ 
• If IN WORKING PAPERS • 

Do you wish to insert criterion? N 

11------- Criteria Structure Name: FACULTY ----__ -.! 

F3: Up level/ F4: Down level/ F5: Insert/ F6: Delete/ CR: Change/ ESC: Exit 
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This screen appears when the F5 key has been pressed for the insertion of 

a new criterion at the present level. It first requests the confirmation of the 

criterion insertion with a question "Do you wish to insert criterion? N". The <CR> 

or 'N' key will abort the insert request, while the 'Y' key will activate the insertion 

process. After the new criterion has been inserted, the window is refreshed 

reflecting the inserted criterion at the end of the present-level criteria list. A 

criterion is deleted in the same way as inserted. 



A .~ mark indicates a bottom node; i.e., no children under it 
.------- Select an appropriate scale 

A [1 - 10] interval scale for qualitative variables 
A Numeric scale for quantitative variables (eg. $) 
A set of qualitative "aspects" (e.g., colors) 
Set no scale for this criterion 
Cancel (Do not change) 

------- Criteria Structure Name: FACULTY -------..!I 
You must set a scale for this criterion 

F3: Up level/ F4: Down level/ CR: Enter or change scale/ ESC: Exit 
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When the criteria structure has been constructed, the decision maker returns 

to the main menu, and selects the "Specify a scale for each criterion" option. 

Criteria will be displayed exactly in the same manner as in the criteria-building 

screen, except that a status message is shown at the right of each criterion, which 

is either 'Not Set' or a combination of {'Judgmental', 'Known'} and {'Interval', 

'Numeric', 'Aspects'}. The default condition is 'Not Set', and this value is changed 

when the <CR> key is pressed in which case the above screen comes in place, 

prompting the user to choose a scale appropriate to the present criterion. 



A .~ mark indicates a bottom node; i.e., no children under it 

r---------- CRITERIA SCALES ---------_ 

SCALES FOR LEVEL 1 [ FACULTY RECRUITING] 

I RESEARCH CAPABILITY 
• TEACHING CAPABILITY 
I COMMUNICATION SKILLS 

Judgmental/Interval 
Judgmental/Interval 
Not Set 

A 1 to 10 interval scale is used. Value 1 is 
indicative of the least desirability, and value 
10 of the most desirability. 

Press any key to continue ••• 

You must set a scale for this criterion 
F3: Up level/ F4: Down level/ CR: Enter or change scale/ ESC: Exit 
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For example, this screen appears when the first scale type has been selected which 

is 'A [1 - 10] interval scale for qualitative variables.' This scale is very similar to the 

Likert scale, except that it uses 10 points instead of 7 points. The [1 - 10] interval 

scale will be adequate for non-quantifiable attributes such as 'Intuitive ability' or 

'Creativeness'. Because all non-quantifiable attributes of this category require 

judgment in rating them, the system automatically updates the entry in the window 

as 'Judgmental/lnterval'. 
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A r~ mark indicates a bottom node; i.e., no children under it 

CRITERIA SCALES 

SCALES FOR LEVEL 1 [ FACULTY RECRUITING] 

II RESEARCH CAPABILITY Judgmental/Interval 
iii TEACHING CAPABILITY Judgmental/Interval 
III COMMUNICATION SKILLS Judgmental/Interval 

Enter the unit (e.g., dollars, index, count, etc.): 

F3: Up level/ F4: Down level/ CR: Enter or change scale/ ESC: Exit 

Suppose this time that the second scale type has been chosen - a numeric 

scale. A window is displayed in the bottom left corner, prompting the user to enter 

the name of a unit that enables the system to represent the criterion on a numeric 

scale. For example, if we are considering a criterion 'Elapsed time', an appropriate 

unit name might be 'seconds'. Common examples of unit names are dollars ($), 

percentage (%), years, count, etc. As can be clearly seen, the numeric scale is 

intended for quantitative attributes. 



A .~ mark indicates a bottom node; i.e., no children under it 

_--------- CRITERIA SCALES ---------_ 

SCALES FOR LEVEL 1 [ FACULTY RECRUITING] 

I RESEARCH CAPABILITY 
I TEACHING CAPABILITY 
I COMMUNICATION SKILLS 

Judgmental/Interval 
Judgmental/Interval 
Judgmental/Interval 

Please specify the very LIKELY RANGE of expected 
values. These values will be used to later 
determine the corresponding interval values for 
rating each alternative. 

LOW LIMIT: 0 
HIGH LIMIT: 100 

Acceptable range is 1 thru 10 
F3: Up level/ F4: Down level/ CR: Enter or change scale/ ESC: Exit 
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After the unit name has been specified, the system prompts for the lower and upper 

bounds of the likely range of expected values for that criterion. For example, for 

the 'Elapsed time' attribute, lower and upper bounds will be 0 and 100 if the 

decision maker's judgment indicates that past experience shows that values of many 

alternatives typically fall in the range between 0 and 100. This is important 

information that can be used later to determine interval equivalents of individual 

numeric values. 



A .~ mark indicates a bottom node; i.e., no children under it 

,---------- CRITERIA SCALES -----------. 

SCALES FOR LEVEL 1 [ FACULTY RECRUITING] 

I RESEARCH CAPABILITY 
I TEACHING CAPABILITY 
I COMMUNICATION SKILLS 

Judgmental/Interval 
Judgmental/Interval 
Judgmental/Interval 

Is this criterion a benefit (B) attribute or a cost (C) 
attribute? For example, sales volume, profit margin, 
creativity, and research capability are BENEFIT 
attributes, while response time, access time, distance 
and living expenses are all COST attributes. B/C: 

Acceptable range is 1 thru 10 
F3: Up level/ F4: Down level/ CR: Enter or change scale/ ESC: Exit 
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The next question asked in conjunction with the numeric scale is on a benefit/cost 

distinction of an attribute. A criterion is a benefit attribute if it follows that the 

higher this value, the more positive an indicator of acceptability it is. Likewise, a 

cost attribute is associated with a negative aspect, meaning that the lower this value, 

the better. For example, high values of sales volume, profit margin, creativity, and 

research capability criteria indicate alternatives having a better chance of being 

accepted. 
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A .~ mark indicates a bottom node; i.e., no children under it 

11"""'-=----==------ CRITERIA SCALES ------=---_ 
SCALES FOR LEVEL 1 [ FACULTY RECRUITING] 

I RESEARCH CAPABILITY 
• TEACHING CAPABILITY 
I COMMUNICATION SKILLS 

Judgmental/Interval 
Judgmental/Interval 
Known/Numeric 

Is the information on this dimension already 
known, or to be decided by each decision maker? 
Please indicate either KNOWN or JUDGMENTAL. 

K/J: 

F3: Up level/ F4: Down level/ CR: Enter or change scale/ ESC: Exit 
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The last question in the sequence is intended to determine whether the attribute is 

known or judgmental. Depending on the response, that should be given as either 

the 'K' or 'J' key, the system will record it for the subsequent tool, Alternative 

Rating, in which the facilitator will provide the known values to the group. 

-----_._-------------------
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A .~ mark indicates a bottom node; i.e., no children under it 

CRITERIA SCALES 

SCALES FOR LEVEL 2 [ EDUCATION ] 

•• FINAL DEGREE COMPLETED ~ Known/Aspects 

• RELEVANCY OF MAJOR AREA TO MIS FIELD ~ Judgmental/Interval 
III QUALITY OF INSTITUTION GRADUATED ... Judgmental/Interval 

Valid Aspects: 
------------------------

HIGH SCHOOL DIPLOMA 1 
Crit BACHELORS DEGREE 3 TY 

MASTERS DEGREE 7 
DOCTORATE 10 

F3: Up level/ F4: Down 1 scale/ ESC: Exit 

The aspect scale is another scale type which allows the decision maker to 

rate an alternative by choosing from a given set of aspects that were predetermined. 

In the above example, an aspect scale is used for the attribute 'Final degree 

completed', for which four aspects were defined that include high school diploma, 

bachelor's degree, master's degree, and doctorate. A numeric value shown at the 

right of each criterion must be also determined by the decision maker according to 

its importance on a lO-point interval scale. 

When a scale has been determined for all existing criteria, the facilitator will 

save the scale knowledge and exit to the main menu . 

... - -------------------------------
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The Hierarchical Representation of the Criteria Structure 

STRUCTURE NAME: FACULTY 

FACULTY RECRUITING 
rB RESEARCH CAPABILITY 

t 
PUBLICATIONS 

t=: ~ IN JOURNALS 
~ IN CONFERENCE PROCEEDINGS 
# IN WORKING PAPERS 

g RESEARCH EXPERIENCE IN YEARS 
'-II TEACHING CAPABILITY 

t=: TEACHING EFFECTIVENESS 
PAST TEACHING EVALUATION RATINGS 
RECOMMENDATIONS ON TEACHING 

-II COMMUNICATION SKILLS 
L-;--m VERBAL SKILLS 

La WRITING SKILLS 
-II EDUCATION 

t=: FINAL DEGREE COMPLETED 
g RELEVANCY OF MAJOR AREA TO MIS FIELD 

QUALITY OF INSTITUTION GRADUATED 

One of the important features of the Criteria Organization tool is its 

capability of graphically representing the hierarchical criteria structure. No matter 

how complex the structure is, the group may view the criteria structure by browsing 

it up and down using up and down arrow keys. When the group has completed 

building a criteria structure along with criteria scales, the facilitator distributes it to 

group members by choosing the sixth option in the main menu. 

For simplicity, the walkthrough of the Criteria Organization tool is terminated 

here. The next tool is Preference Acquisition for which each individual decision 

maker will begin to work on the criteria structure to specify their preferences. 
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B. A Walkthrough with the Preference Acquisition Tool 

By now, the criteria structure that addresses the present problem has been 

built by the group as a collective process. Next, the Preference Acquisition tool is 

activated with the following individual menu options. 

1. Assign Relative Weights to Criteria: This option must be chosen when the group 

intends to determine weightings for individual criteria in accordance with their 

importance relative to one another. 

2. Set Thresholds for COllstraims: A participant will use this option to set cutoff, or 

threshold, values that must be incorporated. Thresholds can be either individual

specific (personal) or group-specific (organizational). 

3. Exit from This Program: This final option in the main menu terminates the 

preference acquisition process. 



HE * MW'Se.M 

The PREFERENCE ACQUISITION tool allows each decision maker to specify 
his or her own preferential information including criteria weightings 
and thresholds on certain dimensions. An individual must use personal 
judgments to determine these values in the context of the present problem 
situation. 
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This is the main menu screen of the Preference Acquisition tool for which 

there are two available options: weight assignment and threshold setting. 

Weightings for any existing criteria should be entered by each decision maker, while 

the thresholds are optional. These two types of information constitute the 

preferential knowledge central to the collective choice-making process. 



.---...... ----- CRITERIA WEIGHTINGS ----------, 
SUill of weightings for this level: 1.000 

WEIGHTINGS LIST FOR LEVEL 1 [ FACULTY RECRUITING] 

I RESEARCH CAPABILITY 0.300 
• TEACHING CAPABILITY 0.300 
• COMMUNICATION SKILLS 0.200 
I EDUCATION 0.200 

~ indicates a bottom node; i.e., no children under it 
F3: Up level/ F4: Down level/ CR: Enter or change we1ght/ ESC: Save & Exit 
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As can be seen above, criteria weighting follows the rule that weights for 

criteria at a level should sum to 1. Initially, all weights are shown as 0.000, and 

weights that have been entered are displayed to the third digit beyond the decimal 

point. Any weighting represents how essential a criterion is in the alternative 

assessment, and it is only relative to the present level. As in the previous tool, FJ 

and F4 keys will allow the individual to move up and down through the hierarchy . 

.. - --.-------



_-------- CRITERIA THRESHOLDS ----------.0; 
THRESHOLDS FOR LEVEL 2 [ RESEARCH CAPABILITY ] 

• PUBLICATIONS No cutoff is set 
.1 RESEARCH EXPERIENCE IN YEARS Numeric scale cutoff ~ 

On a numeric scale (unit = YEARS): 

Minimum cutoff is set at 2.00 

~ indicates a bottom node; i.e., no children under it 
F3: Up level/ F4: Down level/ CR: Enter or change threshold/ ESC: Save & Exit 
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This screen shows how a threshold can be set for a particular criterion - for 

'Research experience in years' in our example. The window at the bottom indicates 

that the minimum cutoff is set at 2 years, implying that any candidate with less than 

2 years of research experience will not be further considered. Thresholds are 

relevant to three MCDM models (the conjunctive model, the disjunctive model, and 

the elimination-by-aspects model) that will be subsequently used in a different tool. 
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CRITERIA THRESHOLDS 

THRESHOLDS FOR LEVEL 3 [ PUBLICATIONS ] 

I II IN JOURNALS Numeric scale cutoff P-
I II IN CONFERENCE PROCEEDINGS Numeric scale cutoff ~ 
III II IN WORKING PAPERS Numeric scale cutoff ~ 

On a numeric scale (unit = COUNT): 

Minimum cutoff is set at 4.00 

~ indicates a bottom node; i.e., no children under it 
F3: Up level/ F4: Down level/ CR: Enter or change threshold/ ESC: Save & Exit 

This screen illustrates an example of setting a threshold for a quantitative attribute, 

# in conference proceedings, whose unit has been determined to be 'count' on a 

numeric scale. The bottom window tells us that the threshold has been set in such 

a way that four conference proceedings are required of any candidate to be 

acceptable. 



_-------- CRITERIA THRESHOLDS ---------.., 

THRESHOLDS FOR LEVEL 2 [ EDUCATION ] 

I FINAL DEGREE COMPLETED 1 acceptable aspects • 
I RELEVANCY OF MAJOR AREA TO MIS FIELD No cutoff is set ~ 
m QUALITY OF INSTITUTION GRADUATED No cutoff is set ~ 

The following 1 aspects are acceptable including: 

(1) DOCTORATE 

~indicates a bottom node;·i.e., no children under it 
F3: Up level/ F4: Down level/ CR: Enter or change threshold/ ESC: Save & Exit 
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In this figure, we can see how a threshold is set for a qualitative attribute, final 

degree completed, which uses an aspect scale. It shows that an aspect (Doctorate) 

has been selected from the given set as a cutoff. This cutoff suggests that anyone 

whose final degree completed is high school diploma, bachelor's degree, or master's 

degree is unacceptable. 

Once both weights and thresholds have been entered, the participant will exit 

from the program. The next step is the rating of alternatives. 
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C. A Walkthrough with the Alternative Rating Tool 

The Alternative Rating tool is the next software component for a group 

participant to use for rating the alternatives. Rating the alternatives involves both 

subjective and objective aspects. For attributes for which values are already known, 

rating simply consists of typing the known values. On the other hand, for most 

qualitative variables, the decision maker will have to use his or her own judgment 

to rate the alternatives. Available menu options are as follows: 

1. Rate Alternatives Under Each Criterion: This option allows the group members 

to determine how well individual alternatives meet each criterion towards the overall 

decision goal. 

2. View/Edit Rating Values of Alternatives: Once the alternatives have been rated for 

all criteria, the decision maker may wish to view the ratings in order to see whether 

any ratings need modifications. 

3. Exit from This Program: Choosing this option will cause the preference 

acquisition process to be terminated. 



iUAiM 

The ALTERNATIVE RATING tool allows the group participants to enter 
values of alternatives for each of the dimensions earlier determined 
by the group. Please use the ENTER option to start entering the values, 
and the VIEW/EDIT option to simply recall the entered values or edit 
the contents. 
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'MHM 

As can be seen above, the main menu screen comes up with three available 

options, with a description of the purpose of the program at the bottom portion of 

the screen. Scrolling the cursor bar to highlight a desired item allows the user to 

pick it by pressing the <CR> key. 
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Enter values; Press F10 when done AutoCalc 
ABC 

1 DATA ENTRIES FOR ALTERNATIVES UNDER EACH-LEVEL CRITERIA 
2 
3 Alternatives # IN JOURNALS # IN CONFERENCE PROCEEDINGS 
4 ------------ -------------- ----------------------------5 Jerry Peterson 
6 Patrick Monroe 
7 Gregory Caine 
8 Stephanie Nicholson 
9 Karl Baker 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
B5 Empty Cursor NOT in Last Column 

Numerical scale must be used in the unit of COUNT. 

When the first option has been selected from the main menu, a generic 

spreadsheet screen is displayed. A general purpose spreadsheet program has been 

incorporated into the prototype to support the rating and assessment phases for the 

alternatives. An alternative is represented in each row, and a criterion is 

represented in each column. The idea is that a spreadsheet program best supports 

display of matrix-type data. In the above screen, the cursor bar is presently 

in the column 'B' relating to the criterion # in joumals. Rating for this criterion 

involves typing a numeric value, as suggested in the bottom message. 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Enter values; Press F10 when done 

r-------------------------~ C 0 o Move the cursor to a desired point 
using arrow keys, and press <CR> 
to select. 

Current value: 5 

10 (Most desirability) 

1 (Least desirability) 

LEVEL CRITERIA 

RITING SKILLS 

85 Empty Cursor NOT in Last Column 

Press F3; An interval value must be selected from the given set. 
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AutoCalc 
E 

The window in the above screen is a pointing device to help an individual 

to rate the alternatives on a IO-point interval scale. The device is designated for 

use under an attribute set with an interval scale. Using the F3 key activates the 

pointing device and the up and down arrow keys move the white-colored bar; 

<CR> is pressed to choose a value. The left-most column (column 'A') is reserved 

'for displaying the names of the existing alternatives. 



Enter values; Press F10 when done 
r-- Aspects Set - B 

1 TERNATIVES UNDER EACH-LEVEL 
2 HIGH SCHOOL DIPLOMA 
3 BACHELORS DEGREE 
4 MASTERS DEGREE 
5 OOCTORATE 

es 

on 
oe 6 

7~------------~ne 

8 Stephanie Nicholson 
9 Karl Baker 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

FINAL DEGREE COMPLETED 

B5 Empty Cursor NOT in Last Column 

Press F3; An aspect must be selected from the given set. 
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AutoCalc 

The above screen is an example of giving alternative ratings under an 

attribute set with an aspect scale. When the F3 key has been pressed, a window 

listing the predetermined set of aspects specific to the current criterion is displayed 

at the top left corner. A blue-colored cursor bar will initially highlight the first item 

in the list. The bar is moved by using the arrow keys to choose an aspect that best 

characterizes the present alternative under the present criterion. Upon choosing an 

aspect, the selected aspect will be shown in the present cell of the matrix. 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Enter values; Press F10 when done 
ABC 

DATA ENTRIES FOR ALTERNATIVES UNDER EACH-LEVEL CRITERIA 

Alternatives 

Jerry Peterson 
Patrick Monroe 
Gregory Caine 

Stephanie Nicholson 
Karl Baker 

RESEARCH CAPABILITY 

DO NOT FILL 
DO NOT FILL 
DO NOT FILL 
DO NOT FILL 
DO NOT FILL 

TEACHING CAPABILITY 

DO NOT FILL 
DO NOT FILL 
DO NOT FILL 
DO NOT FILL 
DO NOT FILL 

B5 Empty Cursor NOT in Last Column 

This cell is inherited with values of its children nodes 
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AutoCalc 

In this screen, all the cells within the matrix (cells #B5 through #C9) are 

filled with a "DO NOT FILL" message because any node that has children in the criteria 

hierarchy cannot contain a value. The overall value of an alternative under such 

a criterion is automatically determined by the system, because it will inherit the 

values of its children nodes. An underlying concept for this idea is similar to the 

semantic inheritance network, one of the major AI techniques for representing 

knowledge. 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Use arrow keys; Press F10 when done 
ABC 

DATA ENTRIES FOR ALTERNATIVES UNDER EACH-LEVEL CRITERIA 

Alternatives 

Jerry Peterson 
Patrick Monroe 
Gregory Caine 

Stephanie Nicholson 
Karl Baker 

/I IN JOURNALS 

3 
12 
1 
28 
10 

II IN CONFERENCE PROCEEDINGS 

12 
11 
8 
37 
4 
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AutoCalc 

C8 Value 
37.0000 

Cursor NOT in Last Column [Interval rating: 4] 

Assuming that all alternatives have been adequately rated at all the levels of 

the criteria hierarchy, the decision maker can review the ratings that he or she has 

entered. The above figure illustrates what the screen looks like when the second 

option has been chosen in the main menu for a review of the ratings. If the 

decision maker is uncomfortable with any ratings, he or she can revise them. The 

FlO key will lead to the next set of criteria upward in the hierarchy. 

-------------------------
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Use arrow keys; Press F10 when done AutoCalc 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

A B 
DATA ENTRIES FOR ALTERNATIVES UNDER EACH-LEVEL 

Alternatives 

Jerry Peterson 
Patrick Monroe 
Gregory Caine 

Stephanie Nicholson 
Karl Baker 

FINAL DEGREE COMPLETED 

MASTERS DEGREE 
DOCTORATE 

MASTERS DEGREE 
DOCTORATE 
DOCTORATE 

B6 Text 
DOCTORATE 

Cursor NOT in Last Columnn [Interval rating: 10] 

This is also one of the sample screens in the review of the alternative ratings. 

Unlike the previous screen, there is a short message at the bottom that says "Cursor 

NOT in Last Column". This indicates whether the cursor is at the right-most 

column or not, preventing the decision maker from overlooking the hidden part of 

the spreadsheet. Another message at the bottom right corner ',[Interval rating: 10]" 

indicates that the Doctorate is transformed to an interval rating which is 10 on a 

la-point scale. 
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D. A Walkthrough with the Alternative Assessment Tool 

The Alternative Assessment tool is used by the group members to evaluate 

the alternatives overall and to create a preference ordering. This is a central part 

of the whole group decision process, because it is when the group members bring 

together and utilize their preferential knowledge to determine the relative 

importance of each alternative. Available menu entries in the main menu are as 

follows: 

1. Simulate Choices with MCDM Models: Each individual will use this option to 

assess the existing alternatives, see how each MCDM model predicts the decision, 

and weigh the tradeoffs among the alternatives. 

2. View the Summary Report of Model Results: By choosing this function, the 

decision maker can view the summary report that compiles the results of individual 

models that have been executed during the operations in the 'Simulate Choice with 

MCDM Models' option. This report should provide the decision maker with a 

positive idea of the strengths and weakness of the alternatives. 

3. Run the Spreadsheet Program: Group participants may sometimes have 

computational needs for data associated with certain alternative ratings, in which 

situation this will be a useful feature. The built-in general purpose spreadsheet 

program provides most capabilities provided by a standard spreadsheet program. 
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4. Generate a Rank-Ordered List of Opti01lS: When the decision maker has 

completed evaluating the alternatives using available choice models and feels 

comfortable regarding the strengths and weaknesses of the alternatives, he or she 

is now ready to generate a rank order of the alternatives. When this function has 

been selected, the system automatically generates a rank-order using a Multi

Attribute Utility Theory (MAUT) method. The system-recommended rank order 

can be freely revised if desired. 

5. Exit from This Program: Choosing this option will terminate the alternative 

assessment process. 



Simulate Choices With MCDM Models 
View the Summary Report of Model Results 
Run the Spreadsheet Program 
Generate a Rank-Ordered List of Options 
Exit from Th1s Program 
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, *¥i&¥W# MWM5€'W 'id m aMPW 

The ALTERNATIVE ASSESSMENT tool helps us to evaluate alternatives using a 
set of mult1ple-cr1ter1a decision mak1ng models and to generate a preference 
ranking of alternatives 1n terms of the1r utilit1es. Once you use the 
models to evaluate the po11cies, you can view the system-generated summary 
report to help you better dec1de on the preference rank1ng. Choose the 
"Generate a Linear Order" option upon reviewing the alternatives 

All the menu entries discussed in the previous page are shown in this screen. 

Norma]]y, it is suggested that the decision maker start from the first option, Simulate 

Choices with MCDM Models, because other options depend upon the results of this 

function. An exception is the third entry, the spreadsheet function. The fourth 

entry, Generate a Rank-Ordered List of Options, should be the last option to be 

activated. 



."~::' ".:-' 

Dominance Model 
Elimination-By-Aspects Model 
Conjunctive Model 
Disjunctive Model 
lexicographic Ordering Model 
Additive Model 
Additive-Difference Model 
Exit to Main Menu 
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When the first option has been selected in the main menu, a choice model 

window is displayed for the user to make choice of the multi-criterion decision 

model desired. After a model has been executed, the same choice model window 

will be shown in order for the decision maker to execute other models. Using the 

<ESC> key or the last option in the menu will result in exiting to the main menu. 
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This screen is displayed and stays on with a blinking message "PROCESSING • 

Please wait" until the system comes up with execution results of the model selected. 

The time taken until the model results are obtained and displayed varies and 

depends upon (1) the size and complexity of the criteria structure, (2) the size of 

the alternatives, and (3) the type of model being activated. In general, the 

dominance model and the additive-difference model require a greater amount of 

time than others, due to their large computational needs. 



Pres.s F10 to continue 
Conjunctive Model Press <ESC> after viewing the results 
_---~--~- Results of the Conjunctive Model 

Jerry Peterson failed under: 
FINAL DEGREE COMPLETED 

Patrick Monroe failed under: 
" IN WORKING PAPERS 

Gregory Caine failed under: 
" IN JOURNALS 
FINAL DEGREE COMPLETED 

RecolMlendation: 
It is suggested that the following alternatives be excluded 
from further consideration. 

Jerry Peterson 
Patrick Monroe 
Gregory Caine 
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I!,..,,-~-- Use t.J.. PgUp.PgDn to browse the sUlMlary information ~=_~.....!l 

Upon the completion of processing the conjunctive model, the above screen will be 

shown. The results are presented with the recommendation regarding which to 

reject and which to accept and with the information on how the conclusion was 

arrived at. 



1 
2 
3 

C D 
Press F10 to continue 
E F 

4 # IN WORKING PAPERS "IN JOURNALS FINAL DEGREE COMPLETED 
5 
6 
7 The model results can be traced back to provide 
8 information on how available data were used. 
9 
10 Do you wish to view the process that led to 
11 the present conclusion? N 
12 
13 
14 
15 
16 
17 
18 
19 
20 
E9 Empty 

The model concludes with the above results. 
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After the results have been viewed, a small window like the one shown above will 

pop out, asking whether the decision maker wants to see the detailed process 

involved in leading to the present conclusion. A 'yes' response should be given, 

especially when the decision maker is not sure why the system came up with such 

a conclusion. If the 'N' key is pressed, the choice model window will be displayed 

again. 



ABC 
1 DATA ENTRIES FOR ALTE 
2 

Press F10 to continue 

3 Alternatives # IN JOURNALS "IN CONFERENCE PROCEEDINGS 
4 ------------ -------------- ----------------------------
5 Jerry Peterson 3 12 
6 Patrick Monroe 12 11 
7 Gregory Caine 1 8 
8 Stephanie Nicholson 28 37 
9 Karl Baker 10 4 
10 
11 
12 
13 
14 
15 
16 
17 
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....----------- SCREENING RESULTS ------------, 
Patrick Monroe failed under" IN WORKING PAPERS 
Gregory Caine failed under « IN JOURNALS 

Press any key to continue 

When the response was the 'Y' key in the previous screen, the system will show 

screening results at each level of the hierarchy. In the above figure, it is shown who 

failed under what criteria. This information is accumulated in the list of the failed 

alternatives. The recommendation for the conjunctive model is based on whether 

an alternative passed under all existing criteria with cutoffs. 
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Disjunctive Model Press <ESC> after viewing the results 
Results of the Disjunctive Model 

# IN JOURNALS 

Patrick Monroe passed under: 
# IN JOURNALS 
FINAL DEGREE COMPLETED 

Gregory Caine passed under: 
# IN WORKING PAPERS 

Stephanie Nicholson passed under: 
# IN WORKING PAPERS 
# IN JOURNALS 
FINAL DEGREE COMPLETED 

Karl Baker passed under: 
# IN WORKING PAPERS 
# IN JOURNALS 
FINAL DEGREE COMPLETED 

Reconvnendation: 
It is suggested that no alternative be eliminated. 

Use f.~.PgUp.PgDn to browse the summary information 

The above screen is a summary of results for the disjunctive model, which 

looks similar to that for the conjunctive model. The only difference in the 

presented information between the two models is that unlike that for the 

conjunctive model, the recommendation for the disjunctive model is based on 

whether an alternative failed under any single criterion. 



Dominance Model Press <ESC> after viewing the results 
Results of the D~~inance Model 

Dominated Conditions 
- Jerry Peterson is dominated by Patrick Monroe 
- Karl Baker is dominated by Patrick Monroe 
- Jerry Peterson is dominated by Stephanie Nicholson 
- Karl Baker is dominated by Stephanie Nicholson 

Dominated alternatives: 
Jerry Peterson 
Karl Baker 

Non-Dominated alternatives: 
Patrick Monroe 
Gregory Caine 
Stephanie Nicholson 

Reconvnendation: 
It is suggested that the following alternatives be excluded 
from further consideration. 

Jerry Peterson 
Karl Baker 

-~-=~- Use t ."".PgUP.PgDn to browse the summary information ____ ....a 
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This screen presents the results of the dominance model. It lists both the 

dominated and non-dominated alternatives that were determined through pairwise 

comparisons of all alternatives to test dominance conditions. The recommendation 

is based on the non-dominated alternatives that should be eliminated. 

~. ~~~~~-~------------



II IN WORKING PAPERS F G 
II IN JOURNALS 
FINAL DEGREE COMPLETED 

Pick a most important dimension ~r viewing the results 

'---- Use t,J, to browse, and <CR> to choose 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
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In this sample screen is shown a window in which the user must select 

important criteria one at a time among those for which one or more alternatives 

failed in the test for cutoffs. Each time a dimension is selected, screening is 

performed to mark off those that do not satisfy the cutoffs. 



Elimination-By-Aspects Model Press <ESC> after viewing the results 
ABC 0 

1 
2 RESULTS OF MODEL EXECUTION 
3 
4 FINAL DEGREE COMPLETED 
5 Jerry Peterson • DROPPED 
6 Patrick Monroe 
7 Gregory Caine • DROPPED 
8 Stephanie Nicholson 
9 Karl Baker 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Shown above are the survived alternatives. Do you want to continue 
further eliminat10n on the next 1mportant dimension? N 
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For example, this screen indicates which alternatives should be dropped based on 

the threshold test under the dimension that was selected. At the bottom of the 

screen, the user is asked if the screening must be continued. 



Elimination-By-Aspects Model Press <ESC> after viewing the results 
Results of the Elimination-By-Aspects Model 

Alternatives that failed under FINAL DEGREE COMPLETED are: 
Jerry Peterson 
Gregory Caine 

Alternatives that failed under" IN JOURNALS are: 
Gregory Caine 

Reconvnendation: 
It is suggested that the following alternatives be excluded 
from further consideration. 

Jerry Peterson 
Gregory Caine 

I!..:====-- Use t,~, PgUp,PgDn to browse the sunvnary information _ ..... __ ='1 

16 
17 
18 
19 
20 
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In the above figure, the results of the elimination-by-aspects model are presented. 

According to the results, two alternatives are suggested for elimination: Jerry 

Peterson and Gregory Caine. 



r---- Pick a most important dimension r viewing the results 
II IN JOURNALS F G 
II IN CONFERENCE PROCEEDINGS 
II IN WORKING PAPERS 
FINAL DEGREE COMPLETED 
RELEVANCY OF MAJOR AREA TO MIS FIELD 
QUALITY OF INSTITUTION GRADUATED 
VERBAL SKILLS 
WRITING SKILLS 
TEACHING EFFECTIVENESS 
PAST TEACHING EVALUATION RATINGS 
RECOMMENDATIONS ON TEACHING 
PUBLICATIONS 
RESEARCH EXPERIENCE IN YEARS 
RESEARCH CAPABILITY 
TEACHING CAPABILITY 
COMMUNICATION SKILLS 
""IJUCATION 

'-- Use t, ~ to browse, and < CR > to choose -
18 
19 
20 
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The lexicographic ordering model requires a most important dimension to be 

selected from the set of all existing dimensions. As in the elimination-by-aspects 

model, each time a dimension is chosen, the alternatives are screened. However, 

the screening is not based on the test for cutoffs but on the worst value on the 

dimension. For example, if the # in joumal articles dimension is selected and 

alternative A has the least number of journal articles, that alternative will be 

dropped. 



Lex1cographic Ordering Model Press <ESC> after viewing the results 
Results of the Lexicographic Ordering Model 

Alternative that 1s worst for PUBLICATIONS are: 
Gregory Caine 

Alternative that is worst for RESEARCH CAPABILITY are: 
Stephanie Nicholson 

Alternative that is worst for FINAL DEGREE COMPLETED are: 
Jerry Peterson 
Gregory Caine 

Recommendation: 
It is suggested that the following alternatives be excluded 
from further consideration. 

Gregory Caine 
Stephanie Nicholson 
Jerry Peterson 

Ii===-""",,=-~ Use 1,~,PgUp,PgDn to browse the summary information =====--==='1 
19 
20 
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The results of the lexicographic ordering model are shown above. In this sample 

screen, three dimensions that had been chosen for the screening test led to the 

recommendation for the elimination of three alternatives. 



Additive Model Press <ESC> after viewing the results 
&=========--====~= Results of the Additive Model 

Alternative 

Jerry Peterson 
Patrick Monroe 
Gregory Caine 

Stephanie Nicholson 
Karl Baker 

Recommendation: 

Tota 1 Ut 11 ity 

5.49 
5.35 
5.76 
5.48 
4.42 

It is suggested that the alternatives be accepted in the 
following order. 

Gregory Caine 
Jerry Peterson 
Stephanie Nicholson 
Patrick Monroe 
Karl Baker 
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- ...... ~-"'" Use t ,~, PgUp,PgDn to browse the summary information ___ =--!J 

This screen shows the results of the additive model. Alternatives are 

prioritized and presented in the order of decreasing importance, along with the 

corresponding total utilities. 
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Additive-Difference Model Press <ESC> after viewing the results 
Results of the Additive-Difference Model 

Alternative Total Difference 
----------- ----------------

Jern' Peterson 5.51 roe 
Patrick Monroe 1. 61 .78 
Gregory Caine 10.81 .00 

Stephanie Nicholson 2.01 .84 
Karl Baker -19.94 .08 

.31 
Recommendation: 

It is suggested that the alternatives be accepted in the 
following order. 

Gregory Caine 
Jerry Peterson 
Stephanie Nicholson 
Patrick Monroe 
Karl Baker 

Use t,~,PgUp,PgDn to browse the summary information 

The results of the additive-difference model are presented in a manner 

similar to those of the additive model, except that the pairwise utility differences are 

indicated instead of the total utilities. 



ADDITIVE-DIFFERENCE MODEL Press F10 to continue 
ABC 

1 DATA ENTRIES FOR ALTE 
2 
3 Alternatives ft IN JOURNALS ft IN CONFERENCE PROCEEDINGS 
4 ------------ -------------- ----------------------------
5 Jerry Peterson 1 2 
6 Patrick Monroe 2 2 
7 Gregory Caine 1 1 
8 Stephanie Nicholson 3 4 
9 Karl Baker 2 1 
10 
11 [WEIGHT] 0.60 0.30 
12 
13 
14 
15 
16 
17 
18 
19 
20 
B5 Value 
1.0000 
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After the results of the additive-difference model have been viewed, the process that 

led to the conclusion can be reviewed as above. The last row shows the weightings 

for the present-level criteria. These weightings must add up to 1.000. 



ADDITIVE-DIFFERENCE MODEL 
A 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

DATA ENTRIES FOR ALTE 

Alternatives 

Jerry Peterson 
Patrick Monroe 
Gregory Caine 

Stephanie Nicholson 
Karl Baker 

11 [Jerry Peterson] 
12 [Patrick Mooroe] 
13 [Gregory Caine] 
14 [stephanie Nicholson] 
15 [Karl Baker] 
16 
17 
18 
19 
20 
85 Value 
1. 5100 

Data set being loaded •.• 
B C 

RESEARCH CAPABILITY TEACHING CAPABILITY 

1. 51 
3.73 
1.37 
4.41 
2.32 

0.00 
-2.22 
0.14 

-2.90 
-0.81 

6.60 
4.50 
7.30 
5.00 
5.20 

0.00 
2.10 

-0.70 
1.60 
1.40 

The data shows how well Jerry Peterson outperfornls the other candidates. 
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At the top level of the criteria hierarchy, the system displays information on the 

extent to which each alternative outperforms the others. This information should 

give the decision maker pairwise comparisons of all alternatives under each 

criterion. 



ADDITIVE-DIFFERENCE MODEL 
C 

1 
2 
3 
4 

TEACHING CAPABILITY 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
F15 Formula 
B15+C15+D15+E15 

6.60 
4.50 
7.30 
5.00 
5.20 

0.00 
2.10 

-0.70 
1.60 
1.40 
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Data set being loaded 
o E F 

COMMUNICATION SKILLS EDUCATION [TOTAL DIFFERENCE] 

7.50 
7.00 
8.50 
5.00 
3.50 

0.00 
0.50 

-1.00 
2.50 
4.00 

7.80 
7.40 
7.30 
8.30 
7.30 

0.00 
0.40 
0.50 

-0.50 
0.50 

0.00 
0.78 

-1.06 
0.70 
5.09 

The data shows how well Jerry Peterson outperforms the other candidates. 

While the preceding screen shows the left-most portion of the matrix, the present 

screen exhibits the right-most portion in order to show the total utility difference for 

each criterion. 
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t"""'---------- Sunvnary View Window ----------_a 
SUMMARY REPORT 

Report generated by the U of A Group Decision Support Facility 
Date: Friday February 17, 1989 
Time: 12:37 AM 

1. Results of the Conjunctive Model 

Jerry Peterson failed under: 
FINAL DEGREE COMPLETED 

Patrick Monroe failed under: 
n IN WORKING PAPERS 

Gregory Caine failed under: 
II IN JOURNALS 
FINAL DEGREE COMPLETED 

a... ____ Use t,.l,PgUp,PgDn to browse the sunvnary information ____ ..8" 

When the decision maker has completed assessing the alternatives using 

MCDM models, he or she might want to review the overa)) summary results of the 

selected model executions. The content of this screen is nothing more than the 

accumulation of the results that were displayed at the end of each model execution. 

However, this should be valuable information for the decision maker because it 

gives an overa)) capsule view of the summary information. Thp. window can be 

browsed through by using the up and down arrow keys. 
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Currently generating a linear order. 

Please wait 

A finalized preference order can be generated by choosing the fourth option 

in the main menu. The screen above shows a status message while the request is 

being processed. 



Reconvnendation: 
It is suggested that the alternatives be accepted 
in the following order. 

Gregory Caine 
Jerry Peterson 

Stephanie Nicholson 
Patrick Monroe 

Karl Baker 

UTILITY 
5.76 
5.49 
5.48 
5.35 
4.42 

FRACTION 
21.74:1: 
20.73:1: 
20.69% 
20.18% 
16.66% 

Would you like to modify/rearrange the above ranking? N 
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The system-recommended preference order is presented in this screen with the 

corresponding utilities (represented on a lO-point scale) and relative fractions in 

percentage. This final preference order can still be revised if desired. The bottom 

line of the window is a question to determine whether to rearrange the present 

rank-order. 



Position the cursor to the row that you wish to modify, 
and press <CR>. The ESC key will end the rearrangement 
process. 

Gregory Caine 
Jerry Peterson 
Stephanie Nicholson 
Patrick Monroe 
Karl Baker 

21.74 
20.73 
20.69 
20.18 
16.66 
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The decision maker is ready to revise the current preference order by modifying the 

numeric value in the right-hand side of each line. This is a process of re-adjusting 

to the tme preferences of the decision maker. 



Based on the changes made, the preference order has been 
re-percentaged and re-sorted as follows: 

Jerry Peterson 
Stephanie Nicholson 

Patrick Monroe 
Karl Baker 

Gregor'y Caine 

23.48% 
23.44% 
22.87% 
18.88% 
11. 33% 

Do you still need to make changes to the ordering? N 
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When the changes have been made, the system updates the percentage information 

for each alternative as a fraction of 100 (See the above screen). Once again, the 

confirmation is requested from the user to make sure the current linear ordering 

is really what the decision maker wants. If not, the same process is reiterated. 



Memory Available: Press I for the list of commands 
r--- MAIN MENU ---, 0 E F 

1 
2 
3 
4 
5 
6 
7 
8 
9 
1 
1 
1 
1 

Return to Spreadsheet 
Spreadsheet Files 
Format Cells 
Delete Cells 
Goto a Cell 
Update Column 
Update Row 
Edit Cell Content 
Utility Functions 
Do Auto-Calculation 
Exit to Main Menu 

1~------------------~ 
15 
16 
17 
18 
19 
20 
A1 Text 
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AutoCalc 
G 

The above sample screen is an example of running a general-purpose 

spreadsheet program that can be activated from the main menu. It will be useful 

for storing and retrieving some financial statements, industry-related data, or 

accounting information in the course of decision analyses. 



WY'EF ¥¥tMNi 

WARNING 

You did not generate a preference ordering. 

You must indicate your preference as to the 
rank order of the alternatives, so as for the 
system to aggregate individuals' orderings. 

Do you wish to give up your vote? N 

The ALTERNATIVE REVIEW tool helps us to evaluate alternatives using a set 
of multiple-criteria decision making models and to generate a preference 
ranking of alternatives in terms of their utilities. Once you use the 
models to evaluate the policies, you can view the system-generated summary 
report to help you better decide on the preference ranking. Choose the 
"Generate a Linear Order" option upon reviewing the alternatives. 
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It is possible that the decision maker may accidentally exit from the program, 

in which case the window shown above is displayed with a beep sound. The 

decision maker can confirm his intention by responding to the question. When 'Y' 

is pressed, the voting right is abandoned. Likewise, a 'N' response will make the 

main menu appear again. 
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E. A Walkthrough with the Preference Aggregation Tool 

The Preference Aggregation tool is designed to support the aggregation of 

the voting results cast by the individual participants in a group. It functionally 

consists of two key components: preference aggregation and consensus analysis. 

The first component is supported by the second option in the main menu, while the 

other is incorporated into the third option. Below are the available menu options. 

1. Collect Voters' Preference Ranldngs: At this moment of the group process, the 

individuals' preference orders are scattered around in individual workstations, 

although the votes already have been cast by the group members. The purpose of 

this option is to collect those votes and incorporate them into the present program 

to start combining and analyzing them. 

2. Detennine Social Preference Order: This menu entry will be selected when the 

collected preference orders are to be amalgamated to yield a group choice. In 

addition to determining the social preference order for the group, this option will 

also create and display the statistical information on such factors as the mean and 

the standard deviation. 

3. Analyze Group Consensus Patterns: Consensus patterns revealed in the 

aggregation of the individuals' preference orders are analyzed on the basis of two 

distance-oriented concepts: distance by altemative and distance by votef'. First, the 

'distance by alternative' information reports how much disagreement there is for 
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each alternative among the voters; this is a measure of disagreement among the 

voters. Second, the 'distance by voter' information indicates how far each voter's 

ranking is from the consensus ranking. Both types of information should be 

extremely valuable in finding the reason for possible disagreements. 

4. Display the Group Preference Order Determined: Through this option, Lhe £!"oup 

can quickly review the group preference ranking that already has been determined. 

If this option is chosen before the first and second options, there will a warning with 

a beep sound, because the votes should have been combined to use this option. 

5. Exit from This Program: This option will end the preference aggregation program. 



• 

Collect voters' Preference Rankings 
Determine Social Preference Order 
Analyze Group Consensus Patterns 
Display the Group Preference Order Determined 
Exit 

rifef' e § &&&Wf¥WMiH ; *% ti' ssws 6&&64 

The PREFERENCE AGGREGATION tool is a program intended to combine the votes 
casted by the group members. It aggregates the individuals' preference 
rankings into a single linear ordering for the group, analyzes the vote 
structure to examine the consensus/disagreement patterns, and helps us to 
trace possible reasons for the intra-group conflict when there is a high 
degree of disagreement among the group participants. 
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FM 

This is the main menu of the Preference Aggregation program. It is 

suggested that the options in the menu be chosen in the sequential order, because 

the operations of one option pretty much rely on the operations of the one above. 

The first option, Collect Voters' Preference Rankings, should be used to start the 

process. 



...---------- Collect ion of Votes ----------, 
Reading the preference order of voter 1 

Reading the preference order of voter 2 

Reading the preference order of voter 3 

Reading the preference order of voter 4 

Reading the preference order of voter 5 

A TOTAL OF 5 VOTES HAVE BEEN READ IN. 

Press any key to continue •.• 
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Once the vote collection has been requested, the system will search the 

network user directories for the file called 'LinOrd.Lst' which contains the 

preference order of each participant. The above screen indicates that five voters 

cast their votes. 



Regarding the Preference Aggregation Method: 

The numeric values signify the overall strength of each 
alternative to beat other alternatives. Thus, they 
represent a sum of fractions for each alternative across 
the voters' preference orderings. The evaluation of 
the vote structure is based on the magnitude of the sum 
for each alternative. 

Press any key to continue ... 
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This screen appears when the second option has been chosen in the main 

menu for the determination of a social preference order. It briefly describes the 

way the vote aggregation results that are presented in the following screen can be 

interpreted. 



Re::~~:~::::~:,;~:t:t~;~:: Results of Preference Aggregation 

: .. The results show: 
al;';': 

Jerry Peterson 
Patrick Monroe 
Gregory Caine 

Stephanie Nicholson 
Karl Baker 

18.15 
19.24 
18.85 
21.99 
21. 77 
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In this screen summarizing the results of vote aggregation, each alternative is shown 

with its associated fraction value represented on lOO-percent scale. Thus, this 

number is an indicator of relative strength of an alternative. 



,---------- A Sunvnary of Voting Results ----------, 

The SOCIAL preference order should be: 

1. Stephanie Nicholson 
2. Karl Baker 
3. Patrick Monroe 
4. Gregory Caine 
5. Jerry Peterson 

Press any key to continue 

MEAN 
21.9860 
21.7680 
19.2440 
18.8540 
18.1480 

STD. DEV. 
3.6795 
5.5725 
7.8141 
4.7021 
3.5069 
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This screen rearranges and lists the results of the previous screen in the order of 

decreasing importance, with two columns of information: the mean and the standard 

deviation of the group votes. In this example, the highest between-voter variance 

is found for the alternative Patrick Monroe. The results indicate that the winner 

should be Stephanie Nicholson. 



,.-:.: ..•...• ,:.: .. ::L:::.'.:::':::··':··':::::·::·;:'::::::::.::::::::.::::::0-.:. CONSENSUS ANALYSIS 

: RESULTS FROM THE CONSENSUS ANALYSIS 

:.:: The results of consensus analysis help us learn how far the 
::: voters' 1 inear orderings are from the determined group 
::: preference ranking. The function does so by measuring the 
:: DISTANCE between individuals' preference orderings and consensus 
:( ordering on each alternative. Thus, the smaller the resulting 
~ number is, the better the ordering is. 

Press any key to continue ••• 
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Selecting the third option, Analyze Group Consensus PattenlS, in the main 

menu causes the above screen to be displayed. It gives the group an idea of how 

consensus is analyzed and interpreted. 



_---- Distance By Alternative --------g 
Jerry Peterson 
Patrick Monroe 
Gregory Caine 
Stephanie Nicholson 
Karl Baker 

16.428 
27.644 
20.544 
16.776 
22.472 

~---------------------------------------------dar the 
i: voters' 1 i near orderi ngs are from the detenni ned group 
?i preference ranking. The function does so by measuring the 
:.:: DISTANCE between individuals' preference orderings and consensus 
." ordering on each alternative. Thus, the smaller the resulting 
: number is, the better the ordering is. 
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Upon pressing of any key in the preceding screen, a window like the one shown 

above is displayed, listing numeric values that represent the distance measure for 

the alternatives. The 'distance by alternative' measure tells the magnitude of the 

gap that exists among the voters' opinions for each alternative. For instance, in the 

above example, the voters had the highest degree of disagreement on the alternative 

Patrick Monroe (index = 27.644). That is, they had very different viewpoints 

regarding whether this candidate should be accepted. 



..------- Distance By Alternative ------~ 
Jerry Peterson 
P Distance By voter 
G Voter ft 1 13.192 
S Voter ft 2 12.808 
K Voter ft 3 33.756 

16.428 
27.644 
20.544 
16.776 
22.472 

Voter ft 4 27.476 H-----------ar the 
... Voter ft 5 16.632 from the determined group 
::' tion does so by measuring the 
:: DISTANCE between individuals' preference orderings and consensus 
i,: ordering on each alternative. Thus, the smaller the resulting 
'< number is, the better the ordering is. 

Press V or A to trace reasons for significant disagreement within a [V]oter 
or within an [A]lternative respectively; otherwise press ESC to exit. 
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Upon the previous screen, another window is superimposed that lists the 

distance figures based on the 'distance-by-voter' measure. The distance-by-vote'r 

measure is an indicator of hew widely a particular voter's overall ratings for 

different alternatives deviate from the group norm (i.e., mean). In this example, 

voter #3 had the highest value of distance, implying that this person had quite 

different views on the acceptability of the alternatives. The next screen provides 

further information on the alternative ratings of this voter. 
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r;a-_ ........................ Distance By Alternative ............ ----~ 
Jerry Peterson 16.428 

G Voter II 1 13.192 20.544; 
p~ Distance By Voter ]fl 27.644 

S Voter II 2 12.808 16.776 
,..----------- Explain isagreement (Voter) --------"'---, 

Jerry Peterson 
Patrick Monroe 
Gregory Caine 
Stephanie Nicholson 
Karl Baker 

••• 

Individual Group 

15.730 
7.580 

26.240 
19.190 
31.260 

18.148 
19.244 
18.854 
21. 986 
21. 768 

Distance 

2.418 
11.664 
7.386 
2.796 
9.492 

Do you want to get further information on a specific alternative? Y 

This screen is displayed as a consequence of pressing 'V' in the preceding screen. 

Disagreement in the alternative ratings between this voter (#3) and the group norm 

will be explained. It can be inferred that voter #3 rated the alternative Patrick 

Monroe quite differently from the rest of the group. Furthfr information can be 

obtained by responding with 'Y' to the question at the bottom of the screen. 

---~------ ~~-~---~-~--
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.----------- Ratings for Patrick Monroe -----------, 
# IN WORKING PAPERS 
# IN CONFERENCE PROCEEDINGS 
# IN JOURNALS 
QUALITY OF INSTITUTION GRADUATED 
RELEVANCY OF MAJOR AREA TO MIS FIELD 
FINAL DEGREE COMPLETED 
WRITING SKILLS 
VERBAL SKILLS 
RECOMMENDATIONS ON TEACHING 
PAST TEACHING EVALUATION RATINGS 
TEACHING EFFECTIVENESS 
RESEARCH EXPERIENCE IN YEARS 

3.00 
11.00 
12.00 
5.00 
3.00 

DOCTORATE 
9.00 
5.00 
2.00 
7.00 
4.00 

23.00 

L------Use t,+,PgUp,PgDn to browse the data; ESC to exit,------' 

What is shown above represents exactly how voter #3 rated the alternative Patrick 

Monroe. The group should be able to greatly benefit from this information, 

especially when consensus seeking is a significant part of their decision goal. For 

example, the group can discuss the problem and probably will touch upon issues not 

yet addressed and reiterate the group process, starting from any early-phase tool 

(e.g., Criteria Organization or Preference Acquisition). 



Distance By Alternative 
Jerry Peterson 
Patrick Monroe 
Gregory Caine 
Stephanie Nicholson 

Explain Disagreement (Alternative) 
Individual Group Distance 

Voter II 1 18.180 19.244 1.064 
Voter II 2 20.180 19.244 0.936 
Voter II 3 7.580 19.244 11. 664 
Voter II 4 32.130 19.244 12.886 
Voter II 5 18.150 19.244 1.094 

Press a key to return to main menu ••• 

16.428 
27.644 Ito: 
20.544 
16.776 
22.472 

ar the 
ined group 
measuring the 

erings ariJ cons ensus 
ng ller the result i 
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How disagreement can be explained among the alternatives for each voter 

will now be considered. In the screen above is shown that voters #3 and #4 

exhibited significantly larger magnitudes of distance from the group norm than the 

rest of the group, leading a conclusion that the variance among alternative ratings 

of voter #3 was significantly lower than the group norm, and that the variance of 

voter #4 was significantly higher than the group norm. On the contrary, the 

variance among alternative ratings of voter #2 approximated the group norm. 



,---------- A Sunvnary of Voting Results ---------, 

The SOCIAL preference order should be: 

1. Stephanie Nicholson 
2. Karl Baker 
3. Patrick Monroe 
4. Gregory Caine 
5. Jerry Peterson 

Press any key to continue 

MEAN 
21.9860 
21.7680 
19.2440 
18.8540 
18.1480 

STD. DEV. 
3.6795 
5.5725 
7.8141 
4.7021 
3.5069 
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The voting results summary can be displayed at any time for a quick review 

by choosing the fourth option in the main menu, Display the Group Preference Order 

Detemlined. This is the same output screen that was shown at the end of the social 

preference order det.ermination process. 
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