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ABSTRACT 

The group decision making literature defines three methods of decision making 

used by and within groups: consensus, negotiation, and voting. Group support systems 

(GSS) research, with the creation of its enabling technologies, has focused on issues that 

support consensus-building and negotiation, thus relegating voting to the relatively limited 

role of prioritization. Surprisingly, the teclmology of aggregating opinions in GSS has 

received little research attention, and the procedures for it that have been implemented in 

even the most sophisticated groupware systems are relatively unsophisticated. 

Influence allocation processes (lAP) are voting and opinion aggregating methods 

that allow members to distribute some or all of their decision making influence to others 

in the group in order to exploit not only the group's knowledge of the alternatives, but 

its knowledge of itself: Only with the common use of GSS has their use become 

practical. 

Two families of influence allocation processes are reconsidered and expanded in 

this dissertation: SPAN, introduced by MacKinnon (1966a) and a technique based on a 

proposal by Morris DeGroot (1974) called Rational Consensus by Lehrer and Wagner 

(1981), who developed it and explicated it as a normative standard for combining opinion. 
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This dissertation first considers the development and implementation of a set of 

lAP voting tools within GroupSystems™. Second, a series of empirical studies is used 

to show how decision groups use voting tools for the selection of a correct solution. 

Third, simulation studies are used to develop guidelines for the allocation of influence in 

a n alternative forced-choice problem. Finally, a case study of a real group using lAP for 

an authentic decisional problem is described. 

Influence allocation processes help reconcile differences in opinion, knowledge, 

and judgment. As such, they show much potential for improving the efficiency and 

effectiveness of group decision-making. 



15 

CHAPTER 1 

DEFINING THE PROBLEM DOMAIN 

1.1 Introduction 

Meetings are a time-consuming component of organizational life, and most are not 

nearly as productive us they could be (Tubbs, 1984; Hymowitz, 1988; Mosvick and 

Nelson, 1987; Grohowski, McGoff, Vogel, Martz, and Nunamaker, 1990; Post, 1992). 

Post (1992) found that managers at Boeing Corporation spent from 40% to 80% of their 

time in meetings. Mosvick and Nelson (1987) reported similar findings for managers at 

large and that 53% of meeting time is viewed as unproductive. 

With the goal of addressing this problem, there has been a growing interest in the 

use of information technology to support meetings (Richman, 1987). A stream of 

research -- generically referred to as group support systems (GSS) -- has been concerned 

with computer-based systems that support members' individual decision processes with 

1) decision models (Huber, 1984, 1990; Phillips, 1990), 2) group structuring techniques 

for improved group communication (Bui and Jarke, 1984; DeSanctis and Gallupe, 1987; 

Poole and DeSanctis, 1989) and 3) collaborative work tools (e.g. Chappell, Vogel, and 

Briggs, 1993; Mark Pendergast, personal communication, 1993). Results indicate that 
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well designed systems can improve the effectiveness of the group process (e.g. Post. 

1992). A variety of proven software, notably electronic meeting systems (EMS), is 

available for group use over communication networks or in specially designed and 

equipped conference rooms (DeSanctis and Gallupe, 1987; Nunamaker, Applegate, and 

Konsynski, 1988; Nunamaker, Dennis, Valacich, Vogel, and George, 1991). 

The focus in GSS research and in the creation of supporting software has been 

primarily on the group's interaction and communication (Dennis, Nunamaker, and 

Paranka, 1991; Pinsonneault and Kramer, 1989) with a strong emphasis on consensus

building (e.g., Turoff and Hiltz, 1982; Watson, DeSanctis, and Poole, 1988) and 

negotiation (e.g., Carmel, Herniter, and Nunamaker, 1993). However the appropriateness 

of any decision-method within GSS depends upon the conditions under which it is 

employed as well as a host of factors inherent in members, tasks, and the outcomes sought 

by groups (Cushman and Thompkins, 1980; Ouchi, 1981; Harnack, Fest, and Jones, 

1977). Often in the interest of saving time, expediency, or resolution groups may 

appropriately use voting as a formal means to aggregate members' opinions (Mintzberg, 

Raisinghani, and Theoret, 1976; Hirokawa and Pace, 1983; Kim, 1990). 

Surprisingly, the teclmology of aggregating opinions in GSS has received little 

research attention, and the procedures for it that have been implemented in even the most 

sophisticated groupware systems (e.g., GroupSystems, Si\MM, Option Finder, LOTUS 
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Notes) are relatively unsophisticated. e.g. plurality voting, summing of ranks, averaging 

of estimates. and the like. 

These formal methods meet the usual ass criteria of preserving anonymity, of 

granting equal treatment to members, and of mitigating the effects of irrelevant influences, 

but they fail to make full use of the information in a group and the inherent potential of 

enabling technologies. To support effective and efficient group decision-making, ass 

must also offer aggregation methods that respond to members' knowledge, opinion, 

intensity of preference, or judgment and then produce a suitable formal outcome or the 

choice of a particular action to take. 

1.2 Are II Heads Better than One 

Much ofthe initial theoretical work on group decision making can be traced to the 

need for evaluating performance level, and therefore for some kind of baseline or standard 

when comparing individual performance with group consensual responses (see Hastie, 

1982; Davis, 1969, 1982; Lorge and Solomon, 1955). For example, consider the situation 

of a pair of mutually exclusive response alternatives denoted AI and A2, of which only 

one is correct and denoted Ac. Lorge and Solomon (1955) proposed a probability p for 

an individual preferring the correct alternative. Given that in their defined task members 

behaved like individuals working alone, they also proposed that the probability of a group 
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selecting a correct answer is simply the probability that it includes at least one member 

who proposes the correct alternative Ac. Thus, the probability P of a group of r members 

choosing Ac is P = 1 - (l - py, the probability that Ac has at least one stakeholder. 

Prior to Lorge and Solomon's landmark study, small groups were typically 

observed to outperform individuals in direct comparison. Explanations of group task 

performance tended to stress emergent qualities and enhanced interpersonal dynamics. 

However, the development of such theoretical baselines against which to gauge group 

effectiveness, given individual preferences, ideas, proposals, etc. generally resulted in the 

recognition of group inefficiency and sub-optimal performance (Taylor, 1954; Marquart, 

1955; Lorge and Solomon, 1955). Since these baselines over-predicted the actual 

performance of groups, researchers then questionned notions of group superiority. 

Despite the immediate practical value of such findings, the Lorge and Solomon 

study initiated the generation of normative and descriptive models (e.g., Thomas and Fink, 

1961; Smoke and Zajonc, 1961; Zajonc, 1966), and other research endeavors striving to 

comprehend more fully the complexities of group processes. 

This dissertation considers the effectiveness of structured and computer-based 

methods that have been proposed for combining individual quantitative judgments into a 

group judgment. Beginning with a review of conventional voting methods, such as 
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plurality voting and percentage voting, it specifically examines the feasibility of 

implementing more sophisticated opinion aggregating algorithms within group support 

systems that have the potential of improving the efficiency and effectiveness of the group 

decision-making process. Opinion aggregation methods of this kind are introduced as 

influence allocation processes. 

Methods for combining the experience and knowledge of people is certainly not 

a novel idea. for example, Doug Englebart created a laboratory at the then Stanford 

Research Institute in the early 1960's (now SRI International) to explore the use of 

computers to augment the human intellect. He had a particular interest in high

performance teams and became one of the first pioneers of computer-supported teamwork 

(Englehart, 1963). In the late 1960's, Thomas Sheridan headed the MIT Community 

Dialog Projecl which used electronic voting technology and specially designed meeting 

procedures to enable participants to make anonymous coded responses to questions posed 

by a moderator or other participants (e.g., Sheridan, 1971 a, 1971 b, 1974; Rouse and 

Sheridan, 1974). However, it is the emergence of group support systems that has allowed 

groups to consider non-trivial problems in real-time and in much shorter time frames than 

heretofore possible. They also appear to be an appropriate environment for the 

introduction of influence allocation processes. 
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1.3 Problem Statement 

Influence allocation processes (lAP) are voting and opinion aggregating methods 

that allow members to distribute some or all of their decision making influence to others 

in the group in order to exploit not only the group's knowledge of the alternatives, but 

its knowledge of itself. 

Consider the selection of an alternative. Suppose member A is uncertain of B's 

choice, but knows that B is the best qualified to decide. In this situation A would like to 

vote the same way as B, but may not be positive what that is. Influence allocation 

processes allow A to give influence to B to be used in the same manner as B's own 

influence. Simple group weighting, in which members indicate the weight which they 

think each member's opinion ought to be given in the group output, these weights being 

averaged, allows for problems of this sort. However, a member may not know the 

member best qualified, but yet may know a member who does know. With a suitable lAP 

the first member can allocate influence to the second member with every expectation that 

it will be passed on to the best qualified person. The purpose of the research is to 

evaluate influence allocation processes, experimentally and by simulation, with the goal 

of creating a set of easily used computer-based tools for more effective aggregation of 

judgments and opinion in the ass environment. It is essential that such tools be ones 

whose reliability, effectiveness and suitability to different tasks and groups are thoroughly 
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understood so they can be selected and used with confidence. Only with the common use 

of GSS has their use become practical. Two types of influence allocation processes have 

been proposed in the literature and are reconsidered and expanded in this dissertation. 

SPAN (the social participatory allocation network) was proposed by William MacKinnon 

(1966a, 1966b, 1969) at the University of Arizona. A method that is here called RCON 

(rational consensus) was independently proposed by Morris DeGroot (1974) at Carnegie

Mellon University. Later, it was extended and analyzed as a normative aggregation 

method by Keith Lehrer, at the University of Arizona, and Carl Wagner, at the University 

of Tennessee, in a series of papers (Lehrer, 1977, 1978; Wagner, 1978, 1981, 1982, 1989) 

and in their book Rational Consensus in Science and Society (Lehrer and Wagner, 1981). 

1.4 Research Questions 

Consider the following situation. A group of employees of a large corporation has 

gotten together to make a policy decision or recommendation. This policy must be 

specific and not just a general goal. For example, the group may want to decide how to 

allocate company retirement funds between investment alternatives. Or, the question 

might concern the design of a "fair" health insurance premium policy. In any case, the 

group's desire is to make a quantitative decision or at least a ranking of alternatives on 

an interval or ratio scale. 
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To further define the group, they are all interested in the issue (or they would not 

be participating), but they are, at best, unfamiliar with any decision making techniques 

other than simple discussion and majority-rule voting. At worst, they are hostile toward 

any new decision making procedures. As a last constraint, assume that the issue must be 

settled in one sitting of perhaps one to four hours. 

Is this situation realistic? The current trend in business environments is becoming 

increasingly team oriented (Johansen, 1988). And there has been rapidly growing interest 

in the use of information technology to support groups (Richman, 1987). Specifically, 

group support systems that combine computer, communications, and decision technologies 

to support problem finding, formulation, and solution in group meetings (DeSanctis and 

Gallupe, 1987). However, these systems have concentrated on communications between 

group members and qualitative methods for group decision making. In sum, the major 

task domain of ass has been earlier phases of the overall decision-making processes such 

as problem exploration and idea generation under the assumption that these tasks are much 

more effectively performed by groups (Huber, 1984). GSS research has, however, not 

fully supported the later phase of group processes, such as aggregation of different 

opinions or collective endorsement of a final agreement, which is another important area 

in need of support. Algorithms for quantitative decisions have been an unexplored 

variable in ass research. 
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This dissertation considers the use of sophisticated quantitative decision processes 

to solve problems like the one above. I-Ience, the first research question becomes what 

is the feasibility o/implementing influence allocation processes in group support systems? 

Groups, similar to the one described, must be able to understand and use the proposed 

systems in real-time and with contidence. If this initial criterion is met, then a set of 

three major research questions becomes relevant. First, do influence allocation processes 

improve the e.Diciency and effectiveness (?l group decision-making processes over 

conventional quantitative techniques? It will be valuable to know whether the extra 

potential offered by allocations to alternatives and other members will actually be used 

by group members. Without formal training, participants misusing lAP could hinder the 

decision-making process. Second, can influence allocation processes harvest added 

iy!/ormation within groups and translate this into better solutions? Using lAP, participants 

can harvest knowledge at three levels: knowledge about alternatives, knowledge about 

other people's knowledge of alternatives, and, potentially, knowledge about other peoples 

knowledge of other people (knowing the group). More effective use of knowledge should 

translate into better inputs to the decision processes and lead to better outcomes. Third, 

what type of problems can be addressed using iY!fiuence allocation processes? Assuming 

that lAP is shown to improve quantitative decision-making, it becomes important to 

describe situations or typical problems that can be addressed with their use. 

To address these questions and to investigate the' effects of voting processes on 
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decision-making, a research framework was developed, prototype software was designed 

and implemented, a set of experiments conducted, and simulation studies completed. 

1.5 Impact of the Study 

Once implemented, it is believed that influence allocation processes for aggr~gating 

opinions will prove to be superior to conventional GSS decision methods. If this belief 

proves to be correct, it would be expected that influence allocation processes be adopted 

almost universally in GSS. This adoption will be facilitated by the software tools being 

developed and by the outputs of the analytic and simulation components of the research 

which will provide guidance in using them most effectively. 

The increasingly widespread adoption of computer networks for collaboration 

among individuals provides many potential applications for influence allocation processes. 

In concurrent engineering, representatives of all parts of an industrial firm, finance, 

marketing, and manufacturing as well as design and engineering, work together 

simultaneously on the creation of new products. The implementation of TQM, total 

quality management, requires sequences of decisions that invoke a similar diversity of 

skills, knowledge and viewpoints. Medical decision making has been shown to benefit 

from the combination of opinions (Ferrell, Hillman, Brewer, Amendola, and Thornbury, 

1989; Hillman, Swensson, Hessel, Gerson, and Herman, 1976). Consultation, especially 
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in telemedicine when physicians may not meet together in either space or time, could also 

benefit -- especially when lAP are combined with geographically distributed ass. 

In addition to its direct application, the research would have value for a broader 

academic community by providing new measurement tools, based on the Markov chain 

structure of lAP voting methods, for research into group process and group decision 

making. Its findings will also contribute to the broader areas of coordination theory 

(Malone and Crowston, 1990; Poole and DeSanctis, 1990), small group research (e.g., 

Hare, 1976; McGrath, 1984), and combination of judgments and forecasts (e.g., Clemen, 

1989). 

The research could have a direct impact at the University of Arizona and beyond. 

The software developed can be installed in the GSS rooms in the College of Business and 

Public Administration where it could be used in instruction and research, and it can be 

made available to other sites that use the GroupSystems™ software developed and 

maintained by the Management Information Systems Department (Ventana Corporation, 

1991). This network of application sites would enable and encourage comprehensive, 

continuing follow-up on the use and effectiveness of the methods. 
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1.6 Organization of the Study 

Figure 1.1. graphically relates the multiple studies of this dissertation. The genesis 

was a secondary data analysis of a graduate report conducted by Aguilar (1980). From 

this, a replication study was designed and conducted. With promising findings in hand, 

more rigorous comparisons were carried out and prototype ass software developed and 

tested. Once it became operational in real-time within a ass environment, other 

empirical studies were conducted, a case study completed, and simulations performed. 

This section provides a summary of the organization of the remaining chapters in this 

dissertation. 

Chapter 2 addresses the role of voting in electronic meeting system decision

making. It examines the different factors that must be considered by the group for the 

selection of an appropriate group decision process. It then defines legitimate situations for 

the use of voting in business groups. 

Chapter 3 describes processes for the aggregation of individual judgment and 

introduces influence allocation techniques through the review and expansion of 

conventional group decision-making software tools used in ass. 
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Chapter 4 provides a description of the multi-methodological approach to this 

study and discusses a research framework for the study of automated voting processes in 

GSS environments. Chapter 5 defines the relevant research variables. Specifically, it 

describes subjects, setting, task and procedures, measures of dependent variables. In 

Chapter 6, hypotheses are developed and predictions about each hypothesis made. 

Chapter 7 looks at five experiments involving human group interacting with 

influence allocation processes and traditional voting tools. Two of these studies where 

manual in nature and three included interactive and synchronous usage of a 

GroupSystems"!M platform. Chapter 8 deals with simulation experiments testing different 

allocation strategies within the different lAP tools. The goal is to learn about how to best 

distribute ones' influence, once all levels of knowledge have been analyzed. Chapter 9 

describes the "porphyry copper workshop" case study. lAP were used to aggregate 

individual probability distributions into a group outcome with the goal to harvest expertise 

from a panel of true experts. 

Lastly, Chapter 10 presents a summary of the research findings, the limitations and 

contributions of the study, and recommendations for future research. The contributions 

of the study are discussed in terms of theoretical and practical implications. 
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CHAI'TER 2 

THE ROLE OF VOTING IN EMS DECISION MAKING 

2.1 Introduction 

Computers have been employed for many years to assist groups in decision-making 

processes. For example, several studies have been performed on the capability of the 

computer to explore multi-dimensional decision space (Rouse, 1973a, 1973b, 1974) or to 

aid in the aggregation of member opinions (MacKinnon, 1966a, 1966b, 1969; Lemelstrich, 

1973; Pizano, 1974; Lehrer and Wagner, 1981; Kim, 1990). However, early attempts at 

linking the computer teclmology with the group process, such as MacKinnon's (l966a, 

1966b, 1969) use of an off-line Fortran-based batch process to compile votes, might 

perhaps be best labeled as premature. Their failure was not on the part of the teclmology 

itself but rather with the man-machine boundary. Even to this day, the central problem 

remains enhancing the group process so that members' outputs, in real-time, become 

inputs for the computer process and vice versa (Ferrell, 1990). 

Of all studies, perhaps the most interesting results were obtained using the 

Electronic Voting and Discussion Technique (EVDT) at M.LT., a computer polling 

method where individuals in the group would enter their opinions as votes in a system 
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(Sheridan. 1974). The ability to present and discuss results in real-time permitted the 

groups to explore previously unquestioned avenues of thought. As a result, the polling 

technique was found to be highly effective in structuring an agenda and in focusing on 

important issues (Ferrell, 1990). Such results indicate a great potential for computer

based analytical tools that assist groups in arriving at a better understanding of a problem 

and to generate new and synergistic options for action. 

This chapter will demonstrate different methods by which groups can use ass 

teclmologies, such as electronic meeting systems (EMS), to resolve an issue and will show 

that in many circumstances voting is an appropriate method for decision-making. The 

discussion will then concentrate on the factors that should influence the use and success 

of the different decision methods with an emphasis on the characteristics that will make 

voting a powerful mechanism capable of improving EMS-based group deliberations. 

Then, characteristics of business teams are analyzed to specify requirements for a method 

that supports their decision-making tasks. Finally, this chapter indicates the need for the 

development and use of sophisticated voting mechanisms that account for differences of 

opinion between group members. 
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2.2 Decision-Making Techniques in GSS 

No one works completely independently, everyone is part of at least one group, 

typically several groups at one time. Individuals within groups communicate, collaborate, 

generate ideas, organize ideas, share information, draft policies and procedures, and 

(arguably most important) make decisions. Many approaches, such as consensus-building, 

negotiation. and voting are used in group support systems to achieve group decisions. 

Other approaches exist such as fiat, legislation, mediation, and arbitration which require 

the participation of a third-party, but this study concentrates on teclmiques used by and 

within groups. 

2.2.1 Consensus 

Because of their emphasis on group communication processes, group support 

systems naturally encourage and support a consensual decision-making approach. 

Consensual decisions are those that all members have a part in shaping and that all find 

at least minimally acceptable as a means of accomplishing some mutual goal. Two 

patterns of consensus can be delineated: (1) Full consensus exists when every member 

approves fully of a ,stated group position. This may be difficult to attain in many 

circumstances. (2) Broad consensus is everything short of a full consensus down to a bare 

willingness by all to go along with a decision. 
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Most GSS research has been on process oriented interventions that improve 

problem exploration, idea generation, and other procedures that may lead to group 

consensus (Nunamaker, Dennis, Valacich, Vogel, and George, 1991). Technologies, such 

as EMS, support decision-making by promoting process gains by increases in group 

synergy, dissemination of information, objectivity of evaluation, etc., and by reducing 

process losses caused by incomplete task analysis, member dominance, evaluation 

apprehension, conformance pressure, etc., in decisional groups. For example, EMS can 

support a decision process by creating a newer form of Delphi referred to as the "Delphi 

Conference" whereby the technology establishes a real-time and open communication 

network between participants (Linstone and Turoff, 1975). That GSS promotes a 

consensus-building process is no surprise given that for six decades consensus has been 

proclaimed the ideal method for making decisions (e.g., Baird, 1950; Gouran, 1982). 

Although consensus is much recommended in decision-making situations, two 

other methods have value and are frequently used by decision groups: negotiation and 

voting. Both can be also be supported effectively by GSS technology. 

2.2.2 Negotiation 

Negotiated decisions, like consensual ones, incorporate the views of various 

members and obtain at least minimum support from all' members. Unlike consensus, 
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however. negotiation is not necessarily built upon shared purpose or upon pursuit of a 

broad agreement endorsed in full by members. Negotiated decisions are typically 

achieved by individuals with competing interests, each of which is sufficiently 

accommodated to warrant members' continued interest in a group. Further, with 

negotiation it is not essential that members like the complete decision; all that matters is 

that each member find enough value in that decision to support it. 

Carmel, I-Ierniter, and Nunamaker (1993) reported that ass is a very effective 

environment for negotiated decisions. They studied the negotiation of a labor contract 

that contained intricate, legalistic wording, complex definitions and qualifications, and 

multiple clauses. Because it allowed members to pursue personal interests while 

acknowledging those of others, the negotiation method required the group communication 

to balance individualistic and interdependent positions. Negotiated decision-making tends 

to promote discussion more advocative than that of consensus decision-making. 

Participants strive to represent their own positions persuasively and yet must bend to other 

views. EMS use, in the Carmel, Herniter, and Nunamaker (1993) study, included 

prioritization of goals, identification of each side's bottom line, detailed explanations, 

comparisons among points of view, projection of consequences of alternatives, 

presentation of revised positions, threats, promises, and inducements designed to convince 

others of mutual gain from a given option. 
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In many other instances, where reaching a full consensus is impossible and 

attaining a negotiated solution is inappropriate, voting may be used to form a broad 

consensus or to provide an acceptable settlement. 

2.2.3 Voting 

Voting is a method that achieves decisions through some predetermined criterion 

of support (majority rule, two-thirds majority, Approval Voting). In some situations, 

voting can be used to formalize a broad consensus within a group and in other 

circumstances it may be used as a vehicle for closure. With voting, unanimous agreement 

is not required nor for closure situations is unanimous acceptance. The primary objective 

of this method is resolution per se. It may be more productive, in many instances, for a 

group to decide than to continue a debate indefinitely. 

Researchers in the past have derogated voting as a group decision method stating 

that decisions resolved via vote could leave in their wake a divided membership consisting 

of those who carried the day and those who lost the battle (Barnlund and Haiman, 1960; 

Harnack, Fest, and Jones, 1977). Ironically, this disadvantage of voting may sometimes 

be desirable. For instance, a group may face deadlines for decisions, confront alternatives 

unalterably defined in mutually exclusive ways, reach an impasse where members are 

locked rigidly into incompatible, irreconcilable positions. In such cases, voting could 
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provide an expedient way of actually limiting contlict. While voting may harden lines 

within a group. it also permits members to move beyond a deadlock. possibly to other 

tasks on which agreement is more feasible. 

Although electronic voting can be employed as one GSS feature to close group 

discussion, or to arrive at "broad consensus" without completing a full investigation of the 

issues. this later phase of a group process has received very little attention. GSS 

researchers have concentrated mostly on outcomes -- confidence about solutions, degree 

of contlict resolution, and satisfaction with the decisions -- but not on the voting methods 

themselves nor their relationship to the outcomes (Gallupe, DeSanctis, and Dickson, 1988; 

Chidambaram, Bostrom, and Wynne, 1990). 

2.2.4 Selecting an Appropriate Course of Action 

This section has presented three ways that a GSS can support the decision-making 

process: consensus-building, negotiation support, and voting. The dynamics of group 

decision-making change with each new decision task. Whether it is the importance of the 

decision, the time pressure to decide, the membership, etc., factors will indicate what 

process can best support the group in its endeavor. The next section describes a long list, 

though probably not exhaustive, of factors that groups must consider and evaluate as they 

define their appropriate courses of action. 
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2.3 Group Characteristics in Decision Analysis 

Determining a set of optimum group characteristics for the decision group can lead 

to better group judgments. The decision analysis and EMS literatures suggest three broad 

classes of issues that effect how a group should decide: issues regarding membership, task 

structure and support. and outcomes. These issues should be addressed when formalizing 

a method for group decision and applying technology to support this process. 

2.3.1 Membership Issues 

The etIectiveness of any decision making method is tied to the attitudes and 

abilities of those who employ it. Thus a look at group members, their ability or 

knowledge, their attitudes regarding the task and the group, the decisional process, and 

the power distribution among members is of prime importance. 

2.3.1.1 Member Knowledge 

The most obvious constraint on individuals within groups is their personal and 

aggregate competence relative to a particular question. Members' abilities to participate 

constructively are directly linked to their understanding and knowledge of the problem at 

hand (Derber, 1963). Knowledge of the problem being addressed gives members a 

personal stake in the group decision that is likely to impact decision quality, member 
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satisfaction. and group continuity (Ouchi, 1981. Maier. 1970). 

2.3.1.2 Member Attitudes 

Beyond knowledge of the problem, members' participation is influenced by their 

attitudes about group work in general, about the other group members in particular, and 

their interest in the task to be completed (Derber, 1963; Ouchi, 1981; Rawlins, 1984). 

Members may be highly committed to a group for reasons ranging from common interest 

to job security. Alternatively, members may have no or minimal interest in membership 

within a group. Members with little interest in a group are less likely to compromise than 

are members who are highly committed to a group. Similarly, individuals mayor may 

not be interested in a particular issue. The level of interest in an issue affects members' 

effort in a discussion, their flexibility, and their willingness to take a leading or 

compromising role. 

The selection of a particular decision method should take into account member 

attitudes. Consensus decision-making is the obvious choice for committed members who 

endorse a cooperative and supportive interaction (Waagen, 1984). For others, where 

group interaction is a process of necessary compromises through "give and take," a 

negotiation method seems the most appropriate. For members who have strong individual 

opinions, both negotiation and voting appear more viable than consensus (Waagen, 1984; 

Friedman, 1984). A voting approach is most appropriate with inflexible members because 
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it is expedient and confines cont1ict before it causes excessive damage (Hare, 1976). 

2.3.1.3 Power Distribution and Decision Method 

In addition, the appropriateness of alternative decision making methods may also 

be affected by the distribution of power among group members. Non-EMS decision 

literature suggests that consensus necessitates relatively equal power among members if 

each is freely to present positions and fully to consider those of colleagues (Rawlins, 

1984; Wyatt, 1984). Although negotiation or consensus may appear to work even with 

highly unequal power, those with greater power frequently exert substantial influence over 

other members and, through them, over the content of group decisions (Davis, 1969; 

Keltner, 1970). In computer-supported EMS environments, the possibility of anonymity 

can reduce or eliminate conformance pressures as well as evaluation apprehension and 

social cues. This encourages a more open, honest, and free-wheeling discussion of the 

issues (Nunamaker, Dennis, Valacich, Vogel, and George, 1991). Whereas traditional 

group literature suggests that when power is unequal within a group, decrees and voting 

are the most common means of resolution, EMS literature suggests that anonymity allows 

consensus and negotiation methods to be used in this situation as well. 

2.3.1.4 Summary of Membership Issues 

It is concluded that the following criteria are appropriate when considering 

membership factors for the selection of a decision method. When there is little initial 
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commitment to outcomes. high commitment to a group, cooperative attitudes, and either 

a relatively equal distribution of power among members or anonymity in the discussion. 

consensus-building is indicated. When members have some flexibility in their 

commitments to outcomes, are inter-dependent of other group members, view the process 

as bargaining, and power is evenly distributed between factions, negotiation is appropriate. 

Finally, voting seems most useful when members have strong opinions auout or 

preferences for outcomes, have only moderate or less interest in the group. have an 

argumentative view of group interaction. and when there may be unequal degrees of 

power among members. 

2.3.2 Task Factors 

The characteristics of a task influence the effectiveness of decision making 

methods. Especially pertinent to the selection of a method arc time pressure. need for 

task structure. need for support, and specificity of the task. 

2.3.2.1 Time Pressure 

Time pressure carries implications for the selection of a decision method. Usually 

consensus-building is a time consuming effort and is less likely to be appropriate in 

situations with strict deadlines. Consensus can be quickly achieved only if there is little 

initial difference in members' views or if differences are not considered important, so that 
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little deliberation is necessary. The same is true of negotiation where members require 

time for discussion, stakeholder analysis, revision of position, etc. Voting is clearly the 

quickest method: even when a vote is preceded by discussion, the amount of time may 

be regulated. Attempts to force consensus or negotiation into restricted time frames may 

be counter-productive in the longer term. Although time is an important criterion within 

EMS-based decision meetings, technology allows for its effective use. With parallel 

communication, each member has an electronic channel that enables everyone to 

communicate simultaneously (Dennis, George, Jessup, Nunamaker, and Vogel, 1988). 

This feature greatly reduces communication time fragmentation, attenuation blocking, and 

concentration blocking (e.g., Diehl and Stroebe, 1987). Working coHaboratively and 

interactively through computer support stimulates members and encourages them to 

improve performance so a synergy can emerge (Lamm and Trommsdorff, 1973; Shaw, 

1981 ). 

2.3.2.2 Task Structure and Support 

Task support and structure assist the group to better understand and analyze task 

information, and enable decision support systems to improve the performance of 

individual decision makers (Sprague, 1980). Task support provides information needed 

by group members to improve their knowledge of the issues and the group. Task 

structure, for example the Delphi conference mentioned earlier, encourages more 

information to be shared and reduces group losses due to incomplete analysis of 
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information (Hirokawa and Pace, 1983). Methods that provide structure include problem 

modeling, decision trees. and multi-criteria decision-making (Mason and Mitroff, 1981; 

Nunamaker. Dennis, Valacich. Vogel, and George, 1991). The process gains from the use 

of these enabling technologies are so great as to suggest their use to support all decision 

methods. Specifically, voting performance might be improved ifit is preceded by a short, 

but structured, group analysis of the alternatives. 

2.3.2.3 Specificity of Task 

Task specificity should also be considered. Consensus is the most appropriate 

closure method for highly ambiguous tasks, and negotiation may also be appropriate when 

at least some direction is given to the proceedings. Voting will only be appropriate for 

deliberations that focus on specific options or alternatives. 

2.3.2.4 Task Factors Summary 

In summary, three factors inherent in tasks should be considered when appraising 

the suitability of decision-making methods: time pressure, task support and structure, and 

the specificity of tasks. 
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2.3.3 Outcome Factors 

The outcomes sought by a group making a decision should also influence the 

selection of the method to be used. Outcomes include decision quality, members' 

satisfaction with the process, need for commitment to implement the decision, and group 

continuity. 

2.3.3.1 Decision Quality 

Although decision quality has been studied extensively in the last decade (Bui, 

Sivasankaran, Fijol, and Woodburg, 1987; Jessup, Tansik, and Laase, 1988; Gallupe, 

DeSanctis, and Dickson, 1988; etc.), it is not a high priority for all decisions (Maier, 

1970). Many situations only demand resolution - whatever that resolution is. An example 

would be setting departmental policy about when to take a Faculty retreat when many 

different alternatives are viable and there are no strong preferences. Any group method 

is probably acceptable. 

However, many considerations are important when a decision of high quality is 

required (Maier, 1970; Lewis, 1982; Watson, DeSanctis, and Poole, 1988). To generate 

a superior decision, groups generally devote substantial attention to goal setting, research, 

interpretation of data, examination of alternative proposals. application of criteria to 

proposals. and debates over the merits of different alternatives. Divergent views must be 
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identitied and analyzed in a sense of cooperation and openness. All this requires methods 

that promote critical thought and careful reasoning (e.g., Cox and Wood, 1975). For high 

quality decisions, consensus seems superior in situations where members have minimal 

initial commitment to the alternatives, while negotiation is more appropriate when 

members enter deliberation with entrenched stands on at least some aspects of the task and 

are likely to leave the group if their views are not adequately represented in a decision. 

Barnlund and I-Iaiman (1960) and Harnack, Fest, and Jones (1977) warn of factionalism, 

narrowly focused resolutions, and lower quality decisions when the voting method is used. 

In their studies, it is assumed that voting should be chosen only if achieving closure on 

the task supersedes concerns for harmony or equal representation of points of view. 

However, it may not be the voting process per se that limits quality, but the interaction 

that precedes it or the limitations the voting method puts on the members' ability to use 

their knowledge. 

2.3.3.2 Commitment and Satisfaction 

Another factor to consider when selecting a decision method is members' 

commitment to implementing the option selected by the group. Commitment may be 

desirable in groups that value cooperation, cohesion, and fairness. It is usually associated 

with consensus and negotiation because both methods involve and represent all members 

so each has some personal stake in supporting a group decision (Waagen, 1984; Maier, 

1970; Ouchi, 1981). However, studies by Hoffman and Maier (1961) and Fisher (1980) 
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suggest that confidence in. and commitment to, the outcome are important factors for the 

evaluation of voting tools too. 

There is also the importance of members' satisfaction with the resolution process. 

Satisfaction is mandatory if a degree of commitment by the members is essential to the 

decisions being implemented successfully (e.g., Adelman, 1984). Decision research 

consistently demonstrates a link bctween individual participation and resulting satisfaction 

with group process (Lewin, 1943: Likert, 1961; Ouchi, 1981 ; Connolly, Jessup, and 

Valacich, 1990). Satisfaction is thus usually associated with thc use of methods that 

promote participation and involvement. Traditional voting processes are not considered 

suitable if there is a need for high satisfaction. However, more sophisticated voting 

processes that allow adequate expression of knowledge and opinion, such as influence 

allocation processes, are now available. They promote involvement by the participants 

and result in a high degree of satisfaction. In those situations where satisfaction is not a 

critical issue, voting should be preferred because of its efficiency and clear resolution. 

2.3.3.3 Group Continuity 

The need for group continuity is yet another consideration in the selection of a 

voting method. Consensus helps to build team orientation and commitments, so it is an 

effective method for continuing groups. But, in ad hoc groups there is little need to 
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promote good working relations just for the sake of future deliberations. Hence, with ad 

hoc groups, voting would be acceptable from this stand point. 

2.3.3.4 Summary of the Influence of Outcome Factors 

When considering the outcomes sought by a group as factors in the selection of 

the decision method, one must look at 1) the desired decision quality, 2) members' 

satisfaction with the process, 3) the requirement for commitment and implementation, and 

4) group continuity. Voting, considering these, is an appropriate method for group 

decisions if 1) resolution is more important than quality, 2) if there is adequate interaction 

beforehand, 3) if the voting method is rich enough to express member's concerns and 4) 

if it is an ad hoc group. 

2.3.4 Group Characteristics Summary 

Groups are important units in everyday life. They have different goals, tasks, 

memberships, and organizational requirements. To support their decision-making activity, 

three methods have been described in terms of how well they match group characteristics: 

consensus-building, negotiation, and voting. The appropriateness of each method for a 

given decision is contingent on various dynamic factors. Only by knowing these factors 

can a group ensure an efficient and effective group decision-making process. A summary 
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of the factors influencing the appropriateness of decision-making methods appears in 

Table 2.1. 

In the next section, a specific type of group is considered, the business team. 

Examples of business teams include project teams, task forces, brand teams, sales teams, 

account teams, new-product teams, and crisis-response teams (Pava, 1984). They too 

must analyze their structure and goals to ensure a healthy decision-making process. 

However, as will be shown, an objective analysis of the typical business team suggests 

an expanded role for voting. 

2.4 Business Teams and Voting 

In business, teams are a common way of producing work. In fact, much office 

work occurs in groups: teams, meetings, committees, task forces, projects, and the like. 

Typically these groups are small, project-oriented teams that have important tasks, and 

tight deadlines (Johansen, 1988). This section discusses recent developments in the 

business environment that have made it increasingly team oriented. Through this 

discussion, the typical characteristics of business teams are defined and used to establish 

what decision-making processes would be most effective to support group decisions in the 

business team context. 



~ 
~ 

~ 
~ 

~ 
~ 

(j 
"'1 """. f"'t-
~ 

::3. 
~ 

~ 
"'1 
f"'t-

=~ 
00 
~ 

[ 
s· = 
0 
~ 

~ 

t:, 
~ ~· 
"""· 0 = 
~ 
~ 
=-0 
Q.. 
0 
0 
~ 

I 
CONSENSUS 

NEGOTIATION 

VOTING 
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0 Appropriate for members that endorse 

interaction 
0 Members must be highly committed for 

consensus to be successful 
o Good for situations of equal power in 

group or anonymous deliberations 
o Consensus-Building groups are usually 

continuing groups 

o Group members are adversaries 
o The power is distributed within the 

group 
0 Members have strong opinions _and 

positions 
0 Members are inter-dependent of one-

another for a negotiated solution 
o Members promote group continuity 

through good working relations 

0 Size of group is unimportant 
0 Minimal interest in outcome and 

minimal commitment to group required 
for voting to be successful 

0 Usually voting is preferred when 
members have strong opinions and have 
combative views 

TASK 

o To be used lo 

structure very 
ambiguous tasks 

0 Consensus 
building is very 
time consuming 

o There is a 
strong need 
for direction in 
discussion if 
negotiation is to 
be successful 

0 Negotiation 
tasks are very 
time consuming 

0 Issues must be 
highly focused 
if voting is to 
be used 

0 Voting takes 
very little lime 
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initial co111mit111ent to 
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consensus to be 
successful 
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best when the desired 
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represent faithfully the 
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0 Members have rigid 
prelcrences initially 

0 Voting does not 
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full consensus; instead 
it may create a broad 
consensus 

GENERALLY 

o Consensus-building 
is bl!st if harmony is 
more imponant to 
the group than 
closure 

0 Negotiation is good 
if panics must live 
with each other for 
the outcome to be 
implemented 

o Negotiation is best 
described as the act 
of 'give and take' 
and 'bargaining' 

0 Voting creates a 
rapid closure 

0 Voting may actually 
limit conflict 

0 Decision groups can 
move on to other 
issues 
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2.4.1 The Trend Toward Business Teams 

Many oftoday's most successful businesses are based on a team approach (Kayser, 

1990). For example, Snapple, Ben & Jerry's, Intel, Apple, Microsoft, Artisoft, and a host 

of Silicon Valley companies use small entrepreneurial groups to run various company 

operations. Even traditional firms, like Proctor & Gamble, acknowledge that business 

teams are a way of drawing on all resources available within a company and handling 

operations more efficiently and productively. (Harvard Business Review, 1985). 

Johansen (1988) described recent developments in the business world that fuel the 

trend toward business teams. His list includes: 1) IndustlY deregulation which redefines 

the operating rules and creates a climate of turbulence. The requirement for flexible 

business structures that can quickly respond to the changing environment has created the 

need for business teams. Business teams provide an immediate way to get things done 

without depending on less responsive traditional organizational structures or creating 

permanent new ones. 2) A decrease in the number of middle managers has left a vacuum 

that informal business teams are being asked to fill. 3) As the number of middle 

managers has decreased, many companies now use outside contractors to fill in gaps. 

Business teams can more easily manage and integrate the use of contract labor on an ad 

hoc basis and disband with the contract labor when the need is gone. 4) The increasing 

number of mergers and acquisitions has also created fluid' environments in need of quick 
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responses to immediate demands. Business teams provide a flexible format to resolve 

issues quickly. 5) There is also an increasing geographic .spread for those companies 

which must respond to the new demands ofa global economy. Geographic spread implies 

organizations that cover great areas with great flexibility. Business teams provide such 

capabilities. 6) Group orientation is reinforced by the practice of group-oriented 

performance ratings where success and failure is shared by all team members. Business 

teams are, therefore, an important and pervasive organizational structure in need of 

support -- including decision-making support. 

2.4.2 Characteristics of Business Teams 

The characteristics of business teams determines the appropriate decision method. 

Following is a review of membership, task and context, and outcome characteristics of 

typical business teams. 

2.4.2.1 Membership Factors 

Participants in business teams are typically assigned on the basis of their ability 

to contribute, rather than because of a bureaucratic obligation (Johansen, 1988). Thus, 

unusual combinations of people are typical within business teams (Kanter, 1988). For 

example, business teams can be cross-divisional, cross-organizational, and sometimes even 

cross-company (i.e. GM with Volvo for the development and management of their new 
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truck division, Chrysler with Mitsubishi and the joint design and development of 

automotive products, NBC with PBS combining NEWS department efforts for electoral 

convention coverage, the IBM-Apple alliance for the design of a joint computer product, 

and Novell and Digital for network research, etc.). Specific business teams are typically 

made up often or fewer members and are very responsive to their environment (Johansen, 

1991). 

2.4.2.2 Tasks and Contexts 

Many business teams have a relatively short life span, usually the duration of a 

project. A business team may be assembled for a specific task, work together intensively 

until it is accomplished, then disbanded (Kanter, 1988). Their tasks are usually mission 

critical needing a mix of experience and expertise (Johansen, 1988; Phillips, 1990). Tasks 

span the gamut of possibilities from forming a simple policy to forming a new company. 

The fast-paced marketplace forces companies to replace the typical command and control 

methods of management with well-coordinated horizontal decision structures (Johansen, 

1988; Kraemer and King, 1988). 

2.4.2.3 Desired Outcomes 

High quality outcomes are expected and required in going concerns. However, in 

many instances the team members will not be around to be effected by their output and 

need not be committed in an on-going way. As stated ear1ier, many teams are composed 
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of part-time, self-employed, temporary workers. In fact, the Conference Board estimates 

that these contract workers represent fully one-third of the labor force (Wall Street 

Journal, 1987). In many other circumstances though, the team is ongoing and promoting 

healthy working relations within it is important. The problem of group decisions is quite 

different for ad hoc groups than it is for ongoing groups. If the group must live with the 

decision, there are complex questions of equity among individuals, of satisfaction with the 

process by which the judgments are obtained. and of commitment to carrying out the 

action finally decided upon (Ferrell, 1985). 

2.4.3 Decision Conferences and Voting for Business Teams 

Business team decisions must be of high quality and all teams have high levels of 

time pressure, and a need for creating a set of straightforward issues upon which to 

decide. Teams vary, having sometimes ad hoc and sometimes continuing group structures. 

and differing levels of individual commitment to the group and to the outcomes. 

Computer support for business team decision-making is imperative. 

A specific type ofOSS, the decision conference, is explicitly focused on improving 

decision making by business teams (Linstone and Turoff, 1975). It supports information 

gathering and discussion stages of decision-making. Its emphasis is on the use of 

structured decision processes, mainly involving computer models. Software systems, like 
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The POD's HighView® and Equity® modules (Phillips, 1990), are based usually on some 

form of decision analytic technique: decision trees and influence trees, multi-attribute 

expected utility models for single-stage decisions. hierarchical evaluation structures for 

multi-attribute utility analysis, net present value and cost-benefit analysis, and spreadsheet 

models. Using these tools, members of business teams can rationalize an answer to a 

given problem. However, once the information gathering and analysis stages are 

complete. decision conferences fail to provide sophisticated voting or aggregation methods 

for the membership to use for the actual decision-making process. 

In other instances, because many business teams focus on the future of 

organizations, the tools of decision conferencing that emphasize the evaluation of past 

performance have only a support function. Decision-making on the future, strategic 

decision-making, is a pro-active rather than a re-active role. In this role, data and 

information can only be looked upon as a barometer of past activities and the immediate 

future of the firm. The real importance of the team is to manage available resources so 

as to create a more effective future. For this, team members need to form preferences 

about how relatively desirable or undesirable future scenarios might be; to make 

judgments about risk and uncertainty, and about tradeoffs between conflicting objectives 

such as market share and profit, short-term or long-term; and to choose between different 

options. In short, teams often make strategic decisions. The importance of quantitative 

judgments as inputs to a voting tool in strategic decision-making situation is increased 
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because there is lack of objective data. high levels of uncertainty about future conditions 

and the efficacy of actions. and the desire to include in the deliberation factors that are 

perhaps difficult or impossible to measure - items that are basically matters of judgment. 

Furthermore, most decision conference systems emphasize democratic protocols 

rather than authoritarian, hierarchical, or authoritative because they involve equals, such 

as managers at more or less the same level in the organization (Kraemer and King, 1988). 

But, horizontal business structures that are made up of teams of participants with differing 

expertise and from different functional areas require more participative protocols. 

Participative protocols are those that allow members to discuss and solve problems using 

structured methods that meet the usual criteria for GSS of preserving anonymity, granting 

equal treatment to members, and mitigating effects of irrelevant influences. In 

participative protocols members evaluate alternatives. themselves, and other people on the 

team through a group process. This allows the efficient use of each members' diverse 

knowledge about the team and about the issues at hand. It is a rational process because 

everyone in the team desires what is best for the business entity. Voting is a logical 

decision method to close a participative group process because this format will lead to 

quick resolution with a high degree of participation and satisfaction with the process. 

A second inspection of Table 2.1., the criteria for the selection of a decision 

methodology, reveals that similar conclusions to those for regular groups can be drawn 
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for the use of voting and other decision processes by business teams. For example, 

consider a team of engineers choosing between several project plans, marketing executives 

selecting a radio commercial promoting their product, or a corporate board selecting a 

chairman. In these examples teanlS arc small in size and are made up of influential 

members who have strong opinions. At the resolution stage, each issue will be highly 

defined and members will be looking for closure. After all, in going concerns, there are 

always other problems to consider and other decisions to make. The voting process 

assumes however that for every decision there has been an appropriate amount of 

information gathering and discussion. This emphasizes the importance of decision support 

systems and decision conferences. But, it also underlines the importance of a closure tool 

once the deliberations are over. In another class of problem, for example a financial team 

predicting the impact of lower interest rates on demand for a product, a method that 

combines individual quantitative judgments into a group judgment is required. The 

quantitative nature of voting makes it the clear choice for this activity. 

2.5 Summary 

This chapter can be summarized by stating that computers. through their software 

decision models and group communication enhancement powers, are important to support 

group decision making and that voting is an appropriate decision method for many group 

types, including the business team, and for a multitude of decision situations. Systems 
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like EMS enable the group to explore issues of concern in ways that are impossible with 

verbal arguments alone. With parallel communication channels, anonymity, and other 

process enhancing features of EMS, it now becomes possible to explore differences of 

opinion in creative ways, develop new and useful insights about a problem, and generate 

action plans that gain the commitment of all participants. 

In certain decision problems voting can be an appropriate alternate to consensus

building and negotiation methods. In other problems, specifically those requiring 

quantitative measures or those concerned with the future, voting is the method of choice. 

Intuition and experience play an important role in decision making, and voting 

within EMS help make these explicit. It is through a voting method that individual 

judgments and opinions are aggregated. N heads are better than one and formal voting 

mechanisms account for these differences of opinion. Hence, the potential of voting is 

so great that a clear understanding of these issues is essential to properly define its role 

in EMS. 

In this chapter group issues such as the preferred composition, structure, support 

of dynamic interactions, and preferred outcomes for the group were discussed. Chapter 

3 examines formal techniques that combine individual judgments into a group response. 
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CHAPTER 3 

PROCESSES FOR THE AGGREGATION OF INDIVIDUAL OPINIONS 

3.1 Introduction 

Over the past decade, computer-based processes have been proposed as tools for 

group decision support (e.g., Kraemer and King, 1988). However, these ideas are not 

new. Many of these same proposals had been implemented a decade earlier to support 

group decision-making and facilitate participation in community governance (Rouse, 

1973a, 1973b, 1974; Sheridan, 1971, 1974; Rouse and Sheridan, 1973, 1974). Whereas 

the focus of recent research and software development has been on the group's 

interaction and communication within it, this earlier research focused on processes that 

effectively extracted infonnation from or aggregated opinions in decisional groups. The 

earlier stream of research has, surprisingly, been neglected so much that the tenn Group 

Decision Support System is now considered inappropriate by the Management Infonnation 

Sytems field, which prefers the labels Group Support Systems, Electronic Meeting 

Systems, or Computer Supported Collaborative Work. 
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An example of this trend is that GSS researchers consider voting tools strictly as 

mechanisms for prioritization rather than choice. Nunamaker, Dennis, Valacich, Vogel, 

and George (1991) write: "There is a variety of prioritizing methods available in Vote 

Selection (e.g. yes/no, multiple choice, lO-point scale rating, or ranking in order), which 

employ an interactive style to collect votes, followed by a chauffeured style to discuss 

the results." [po 54] As a consequence, the procedures for aggregating opinions that 

have been implemented in even the most sophisticated group support systems are 

relatively unsophisticated, e.g., plurality voting, summing of ranks, averaging of 

estimates, and the like. 

On the other hand, the derivation of consensus and the combination of judgments 

among qualified group of experts have been key issues in group decision making 

literature (e.g., Hwang and Lin. 1987; Ferrell, 1985). In this chapter, GSS voting 

processes are evaluated and reconsidered as mathematical aggregation mechanisms to 

pool judgmental estimates of stimuli or to amalgate votes among alternatives. Using 

proper voting tools, essentially any task that can be reduced to selecting an alternative, 

weighting items in a set, or numerical estimation, can be accommodated. 

Voting methods are needed by business teams. juries, assessment committees, 

corporate boards, representative bodies, electorates, and other consequential groups. 

However, this dissertation is only concerned with aggregation processes in GSS as used 
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by groups with common goals striving to attain the best possible group outcomes. 

Specifically excluded from consideration are situations where the voting processes are 

used to evoke personal preference or personal gain. But, such tasks are not the ones 

usually performed using group support systems. 

The chapter proceeds by first discussing the aggregation methods to combine 

multiple opinions. Second. the traditional GSS voting tools are evaluated. Third, 

schemes that weigh the judgments of group participant are defined, compared. and 

contrasted. Last, influence allocation processes are described. 

3.2 Combining Multiple Opinions 

Methods for aggregation of opinion have been behavioral, mathematical, or 

combinations of both (French, 1985; Seaver, 1976, 1978; Stone. 1961). In general, 

behavioral approaches rely on psychological factors and interaction among contributors. 

while mathematical aggregation processes use a designated combination rule that accepts 

member inputs and returns a group value or choice. Structured techniques. like Delphi 

(Dalkey, 1969) and the Nominal Group Technique (van de Ven and Delbecq, 1974). are 

a combination of behavioral and mathematical methods. e.g., an anonymous interactive 

discussion quantifying judgments followed by a mathematical averaging of these 
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positions. This section considers behavioral, structured, and mathematical methods for 

the aggregation of opinion. 

3.2.1 Behavioral Methods for Aggregation 

Behavioral aggregation is the process whereby members of a group communicate 

among themselves and arrive at a group judgment (Ferrell, 1985). Potentially it can (1) 

increase resources by combining the knowledge and expertise of the members and 

thereby obtain a judgment better than any individual members can produce; (2) increase 

members' motivation and attention towards the issues; and (3) facilitate creativity, error 

checking, and understanding of each others' position. 

GSS technology aims to ease this decision-making process by, among other 

things, reducing the cognitive load, or mental effort, associated with group meetings 

(Gallupe and DeSanctis, 1988). DeSanctis and Gallupe (1987) defined systems that 

provide communication-support features such as anonymous messaging or process support 

tools such as voting to be level 1 GDSS. Level 1 systems facilitate interpersonal sharing 

of ideas, opinions, and preferences by providing de facto structure and automation of this 

process. Even a rudimentary level 1 GDSS should ease some of the communication 

burden of open verbal exchange, thus simplifying the decision task. 
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3.2.2 Structured Methods for Aggregation 

The propensity for groups to fail to perform up to their potential has led to a great 

number of schemes aimed at improving performance. For the most part, structured 

techniques attempt to control the interaction process to avoid negative effects of input 

variables, or else they substitute mathematical processes for key behavioral ones such as 

reaching a consensus (Ferrell, 1985). 

DeSanctis and Gallupe (1987) state that when decision analytic techniques are 

added to the system, for example decision trees, multi-attribute utility models, present 

value and cost-benefit analysis, and spreadsheet models, the GDSS becomes an enhanced, 

or level 2, system. The importance of a level 2 GDSS lies in its structured framework 

for the analysis of problems in groups. DeSanctis and Gallupe (1987) say little about 

voting and aggregation of opinion. However, structured aggregation techniques are 

logical extensions of structured problem analysis techniques. Three approaches are of 

importance in the GSS context and are discussed here: the Delphi technique (Dalkey, 

1969), a variant of Delphi called the Delphi Conference (Linstone and Turoff, 1975), and 

the Nominal Group Technique (van de Yen and Delbecq, 1974). 



3.2.2.1 The Delphi Technique 

"Delphi is characterized as a method for structuring a group 
communication process so that the process is effective in allowing a group 
of individuals, as a whole, to deal with a complex problem" 

(Linstone and Turoff, 1975). 
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Delphi is the name most often associated with structured group interaction. In 

Dalkey's (1969) original formulation, the technique consisted of anonymous interaction 

in which individuals contributed opinions and judgments, received statistical feedback of 

responses, then reconsidered their positions. After a few iterations, a group consensus 

judgment is calculated as a mean or median. The Delphi process today exists in two 

distinct forms (Linstone and Turoff, 1975). The most common version is the paper-and-

pencil approach described above. With the support of technology, computerized systems 

now often mediate the process. It is often referred to as the De/phi exercise. 

Linstone and Turoff (1975) describe a Delphi exercise in which a small monitor 

team designs a questionnaire for a larger group. The monitor team also summarizes the 

results and designs follow-up questions. This form is thus a combination of polling and 

conference where there is a need for effective communication between the larger group 

and the monitor group. 
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The literature on Delphi is full of controversy as to the effectiveness of the 

technique. Linstone and Turoff (1975) note the following reasons for failure of the 

technique: 

1) The imposition of monitor views and over-specification of 
the structure of the Delphi do not allow for the contribution 
of other perspectives related to the problem. This is 
commonly manifested in inappropriately using the Delphi 
as a surrogate for all other personal interaction in the 
group. 

2) Using poor techniques when summarizing and presenting 
the group response or not ensuring common interpretations 
of the issues can lead to confusion. Artificial consensus 
can be created by ignoring and not exploring 
disagreements. Dissenters may become discouraged with 
the process and opt away from further discussions. 

In summary, the advantages of Delphi include the avoidance of socio-political 

pressures, the prevention of dominance through anonymity, and the creation of a group 

memory. It is however time consuming, inhibits exploration and explanation of ideas, 

and its output, a mean or median, may be unacceptable to the group. 

Many variants have been suggested, such as self-weighting of individual 

judgments or having to justify a wayward judgment, but their effects were never very 

large (Ferrell, 1985). A technology-supported variant is sometimes referred to as a 

Delphi conference. 
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3.2.2.2 The Delphi Conference 

In the Delphi conference, a group can meet collectively or participate via 

telephone or electronic mail service. A facilitator will lead the group and define subject 

material and goals of the four step process. In the first step, the group answers a set of 

questions that are loosely defined in content so that significant issues may surface. In 

a second round, the group provides new answers in light of the initial responses that have 

now been reviewed by the group. In the third round, the group addresses specifically 

the differences remaining in the responses. In further rounds, the group strives for 

convergence of opinion in light of all the opinions and information that have been 

exchanged. If a convergence cannot be attained, then the facilitator may try to obtain 

a justification for the divergence. If a convergence is obtained, the facilitator 

summarizes the results and presents them to the group. 

3.2.2.3 The Nominal Group Technique 

An approach with the same general intent as Delphi, but richer in information, 

is the Nominal Group Technique or NGT (van de Yen and Delbecq, 1974; Delbecq, van 

de Yen, and Gustafson, 1975). This technique begins with individual assessments which 

are then disclosed and recorded in a face-to-face group meeting. This is followed, for 

clarification and evaluation purposes, by a formal review of each judgment accomplished 

by having each person presenting his or her ideas. Finally, a group judgment is obtained 

by mathematical aggregation. 



64 

Both Delphi and NGT have been expanded in their application to include 

judgments in the widest sense, the generation of ideas, policies, and solutions to 

problems. At present, practically any procedure for assessing opinion that uses 

anonymous responses, some kind of feedback, and at least one kind of iteration, and 

whether computerized or not, is likely to be called a Delphi (Ferrell, 1985). 

3.2.3 Mathematical Methods for Aggregation 

Mathematical techniques are largely methods for applying weights to individual 

opinions that seek to assign greater emphasis to an individual or outcome depending on 

their ability to contribute to a correct answer. Mathematical aggregation methods make 

use of assumed characteristics of the judgments to obtain an improved group judgment 

(Ferrell, 1985). 

3.2.3.1 Assumptions about Conformity and Equality of Judgments 

If one assumes conformity and equality of judgments, the performance of a past 

stream of judgments from group members can be used to weight current judgments. 

Roberts (1965) has suggested weighting each member in proportion to the product of that 

person's past probability judgments for events that actually occurred. When judgments 

change in time, Bates and Granger (1969) suggest that weights differentially emphasize 

more recent performance. 
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3.2.3.2 Assumptions about the Measurement Theoretic Properties 

The aggregation method must be appropriate to the level of measurement. When 

using ordinal scales, for example the operation of rank ordering, only median and 

percentiles statistics are permissible. For interval scales, the mean, standard deviation, 

and order correlation statistics are acceptable. Only ratio scales will allow a full set of 

statistical measures (i.e. geometric mean and coefficient of variation). 

3.2.3.3 Assumptions about the Origin and Nature of Judgments 

A Bayesian approach may be used for the aggregation of probabilities or 

subjective probability distributions, if one assumes that the probability given by each 

member of a group has been obtained by observing independent evidence and revising 

a prior probability, one can obtain a group judgment that takes all the evidence into 

account by multiplying together the likelihood ratios implied by the individual 

probabilities. A Bayesian approach can also be used to aggregate dependent information. 

Bordley (l982a) has derived a multiplicative aggregation formula for discrete events. He 

likens the group probability judgment to the opinion of a decision maker based on the 

advice of a group of experts. The formula does not require the individuals to have 

independent information but does assume that the decision maker's opinion of each of the 

individuals is independent of the probabilities given by the others. 
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3.2.3.4 Assumptions about the Statistical Properties of the Judgments 

If the judgments are assumed to be normally distributed about the true value and 

if their variances and covariances are known or can be estimated, Bardley (1982b) shows 

that the mean value of the conditional distribution is a weighted sum of the individual 

judgments. If the judgments are independent, the weights are inversely proportional to 

the judgment variances about the true value. If the judgments are assumed to be 

lognormal, the group judgment is a weighted geometric mean rather than a linear 

combination (Ferrell, 1985). 

Still other assumptions yield other results and combinations of the above are 

possible. Mathematical aggregation processes use a black box approach to group 

decisions and are a form of binding arbitration (Ng and Abramson, 1992). An 

aggregation policy is fixed a priori; members simply produce inputs and declare the 

output to be either a "consensus" or input for further processing. The membership need 

never meet, and there is no need for multiple rounds of negotiation, as in face-to-face 

meetings. A strict mathematical approach is problematic because a particular arbitrated 

solution, especially one arbitrated by a mathematical combination rule, can produce 

anomalous results and may turn out to be universally unacceptable to the groups. 

In the study of time-series forecasting (e.g., Clemen, 1989; Granger, 1989; 

Abramson and Finizza, 1991) and subjective probability distributions (Seaver, von 
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Winterfeldt, and Edwards, 1978; Savage, 1971; Ng and Abramson. 1992), mathematical 

aggregations of opinions and judgments have been shown to be powerful. They avoid 

problems of personality and of group dynamics, are simple to use, and can be used in 

an array of problems large enough to include many interesting real-world problems, 

notably those solved by a vote (French, 1985; Bordley, 1982a, 1982b; Ng and 

Abramson, 1992). 

3.2.4 Summary of Aggregation Mechanisms 

There are three main schools of thought for the aggregation of opinion: 

behavioral, mathematical, and structured. All have drawbacks. The results concerning 

structured techniques are mixed and not very definitive. Behaviorally derived agreements 

often suffer from problems of personality and of group dynamics. Mathematical 

approaches avoid these problems, but introduce their own set; arbitrated compromises 

may be uniformally unsatisfactory. As Ferrell (1985) writes, "two opposed zealots do 

not combine to a bland indifference." [p.1121 Nevertheless, simplicity and precision 

often favor mathematical schemes, when they are applicable (Ng and Abramson, 1992). 

Past comparisons among techniques for aggregating opinions have reached varying 

conclusions; they indicate that most techniques are appropriate at some times, 

inappropriate at others. Empirical studies of behavioral' approaches find that no single 
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approach is uniformly superior to its competitors (Delbecq, van de Yen, and Gustafson, 

1975). Evidence collected by Goodman (1972) and by Stael von Holstein (1971) 

suggested that behavioral approaches are mildly preferable to mathematical aggregation, 

particularly if the feelings of the respondents about the merit of the consensus judgment 

are important. Seaver (1976), on the other hand, concluded for probability judgments 

that although interaction was significant, the types did not differ, and that behaviorally 

derived agreements were inferior to those produced by the simplest mathematical 

aggregation scheme, weighted average. Ferrell (1985) concurs: "A purely mathematical 

aggregation will probably do very well compared with face-to-face interaction and 

probably just as well if the judgment is one about which there is not much expertise ... 

But for most judgments, when no individual is clearly most knowledgeable, a simple 

average is probably the best method." [p.143-144] 

Comparisons between behavioral and mathematical consensus, however, may not 

be completely fair. Behavioral approaches have been used in a variety of tasks, 

including decision (Raiffa, 1968) and utility (Keeny and Raiffa, 1976), while tasks 

involving mathematical aggregation have been mostly restricted to forecasting and 

subjective probability distributions. Ferrell (1985) indicates that the task, group, and 

judgment model all interact to determine group performance. Group decision-making 

using voting, in a GSS environment and using an effective method that translates many 
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levels of knowledge into group opinions and choices, may be a good method to support 

the business decision process. 

3.3 GSS Voting Processes 

Chapter two concentrated on the factors that influence the use and success of 

different decisional methods when employed by various group classes including the 

business team. It was concluded that voting, in many circumstances, is an appropriate 

method for groups to decide. In the previous section of this chapter, the focus was on 

aggregation methodologies. Studies have indicated that the simplicity and precision of 

mathematical schemes favor their use, when they are applicable. In group support 

systems, the task of mathematical aggregation can be operationalized through many forms 

of voting. 

In this section, various typical GSS voting mechanisms will be presented. They 

are all software ballots available within the University of Arizona's GroupSystem™ 

toolkit. These voting tools are representative of the most sophisticated GSS voting 

mechanisms available for group use. Five tools - Rank Order, Yes/No, Agree/Disagree, 

Multiple Choice, and Allocation - will be appraised in terms of voting and aggregation 

of opinion. 
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Ranking systems are used extensively in GSS (Doug Vogel, personal 

communication, 1993). They involve ordering a set of alternatives from the voters ' most 

to their least favored choice. Once the ordering is completed points are allocated to the 

alternatives in a decreasing fashion from the top to the last alternative according to a 

generally accepted social choice function. In GroupSystems ™, the top selection of N 

alternatives receives N points, the second selection receives N-1 points, and so on until 

the least favored alternative receives 1 point. This function is replicated for each voter 

and point totals are then calculated from a summation over voters of votes for each 

selection. 

3.3.1 Rank Order 

Figure 3.1. The GroupSystems™ Rank Order Voting Tool 
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Figure 3.1. shows the Rank Order ballot in GroupSystems TM. The voter marks 

an item to be moved and indicates the new location desired for that item. The list is 

then updated. The higher the item in the list, the higher the ranking. In this example, 

the Montreal Canadiens item is top on the list and the Detroit Red Wings item is marked 

for displacement. 

Three major problems are inherent in the use of ranking systems such as the one 

described above. First, these systems do not give the voter a means to indicate an 

intensity of preference. Second, the algorithm allocates points to weaker alternatives that 

voters might prefer disqualifying completely. Last, traditional ranking systems do not 

make allowance for the possibility of variations in the relative expertise of the group 

members on the issue at hand. Ranking systems are especially prone to the "Condorcet 

effect," also known as the paradox of voting (Condorcet, 1785; Black, 1958; Arrow, 

1963). This situation is depicted in the following New York Times article excerpt 

(1982): 

"During lunch, a show of hands was taken, and the '47 wine received 
more first-place votes than any other wine. Because of numerous second
and third-place votes, the '49 wine was judged the group's favorite, 
although this method of scoring caused controversy". 

Described as early as 1785 by the Marquis de Condorcet, the paradox implies that 

decision-making mechanisms based on the principle of ,majority-rule may give rise to 
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nontransitive or cyclical ranking among alternatives, even though each voter within the 

group has a transitive ranking for the alternatives (Condorcet, 1785). Arrow (1963) 

formalized the paradox and has shown that there is no fair way of forming a group 

ranking from a set of individual rankings. This work is known as the "impossibility 

theorem. " 

Rank ordering gives rise to an ordinal scale. In the strictest propriety the 

ordinary statistics involving means and standard deviations ought not to be used with 

ordinal scales, for these statistics imply a knowledge of something more than the relative 

rank order of data (Roberts, 1979; Siegel and Castellan, 1988). When only the rank 

order of data is known, we should proceed cautiously with our statistics, and especially 

with the conclusions we draw from them (Roberts, 1979; Siegel and Castellan, 1988). 

In addition, since group members generally have opinions that extend beyond just the 

rank order of alternatives, a method that allows fuller expression of opinion is desirable. 

3.3.2 Yes/No, Agree/Disagree 

Whereas the Rank Order tool represented a ranking form of voting, the Yes/No 

and Agree/Disagree voting methods are good illustrations of non-ranking voting 

mechanisms. In this type of tool there are no comparisons between the different 

alternatives, each is considered according to an independent set of criteria. If the criteria 
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are met, then a "Yes" evaluation is granted. If it is not met, a "No" evaluation is given. 

The Agree/Disagree method is a four-point descriptive scale (strongly agree, agree, 

disagree, strongly disagree) by which a voter can attach an intensity (ordinal) value to 

a "Yes" or a "No". A Likert scale adds even more specificity to the assessment by 

allowing the voter to assign a numeric score to each item being assessed. Figures 3.2a. 

and 3.2b. demonstrate the GroupSystem™ ballots for a) Yes/No voting and b) 

Agl'eelDisagree voting. 

The Yes/No scheme represents two possible states. This may be problematic for 

aggregation because of the large variances in group responses. Also, the large potential 

variances emphasize the problem of calibration: members will all have different 

thresholds for what is deemed "good enough" to get a Yes vote, or "bad enough" to get 

a No vote. The Agree/Disagree is an ordinal scale and only median and percentiles 

statistics are permissible. Likert scales are interval scales. Scales with a larger set of 

values improve upon the variance and calibration problems. Their use also creates 

standard scores for comparisons between alternatives. Mean, standard deviation, and 

order correlation become measurement theoretical permissible statistics in interval scales. 

Again though, these voting tools do not allow for the possibility of variations in the 

relative expertise of the group members on the issue at hand. 
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Figure 3.2a. The GroupSystems™ Yes/No Voting Tool 

) 

Figure 3.2b. The GroupSystems™ Agree/Disagree Voting Tool 
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3.3.3 Multiple Choice 

The GroupSystem ™ Multiple Choice voting tool should be of great interest to 

Social Choice theorists and Political Scientists. The tool can be used in two ways as 

dictated by a group process facilitator. First, the tool can be used as a regular mUltiple 

choice procedure with n alternatives and a single forced choice. In this case, all the 

weight of an individuals vote is given to that one selection. In this natural form, with 

only one answer permitted, the Multiple Choice tool leads to regular Plurality Voting. 

However, Plurality Voting has been shown to be a notoriously bad voting system in the 

Social Choice literature (Heller, Starr, Starrett, and Arrow, 1986; Arrow, 1963; Black, 

1958; Collinridge, 1982). Second, the number of permissible choices can be increased 

up to the number of actual alternatives. Each alternative selected receives an equally 

weighted vote whether one, two, or N alternatives have been selected. Figure 3.3 shows 

the latter situation where the maximum number of choices equals the ten possible 

alternatives. 

This novel approach has been discussed in the Social Choice literature and is 

commonly referred to as Approval Voting. Approval Voting (Brams, 1979; Brams and 

Fishburn, 1982) proposes a compelling way to elect, or select, without falling into the 

Condorcet paradox situation. Under this system voters may vote for, or approve of, as 

many candidates (alternatives) as they like in multi-option elections. The technique has 
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a propensity to elect the majority candidate rather than the strongest minority candidate. 

However, Approval Voting does not allow for the possibility of variations in the relative 

expertise of the group members on the issue at hand. 

Figure 3.3. The GroupSystems™ Multiple Choice Voting Tool 

3.3.4 Allocation 

Allocation is the most recent GroupSystems TM voting mechanism and arguably the 

most important for mathematical aggregation of opinion. The voting literature refers to 

this tool as Percentage Voting and the decision literature calls its aggregation a weighted 

average or a unit linear opinion model (Nurmi, 1987; Fishburn, 1973; Einhorn and 
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Hogarth, 197 5). The term unit means that upon aggregation, each voter's evaluation 

receives equal weight. Figure 3 .4. shows the GroupSystem ™ Allocation ballot. The 

total number of votes that can be allocated (here it is 100 votes for each voter) can be 

adjusted to any amount by the process facilitator. The process facilitator may also set 

the tool to accept any allocation below or equal to the limit of votes or can force each 

voter to allocate the full amount of votes. 

Figure 3.4. The GroupSystems™ Allocation Voting Tool 

In any event, it is a fundamental ratio scale which is used in Percentage Voting. 

Ratio scales are the ones that have these four relations: equality, rank order, equality of 

intervals, and equality of ratios. In this scale an absolute zero is implied - assigning a 

zero to an alternative means no weight is assigned to it, no matter what transformation 
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we apply to the scales' numerical values. Furthermore, all types of statistical measures 

are applicable to ratio scales. 

We can define two variables G and V; one formed by weighting 

alternatives in a linear opinion pool and the other by the weighted 

opinions of voters 

General Linear Model: Gj = Ei=l,k {3i ~j; {3 represents the weight assigned to a 
criterion i and W is the allocation 
that it received. This is summed for 
all i to determine the value of Gj. 

Group Voting Model: YJ = Ei=l,k {3i ~j; {3 represents the weight assigned to a 
voter i and W is the allocation that i 
has given to alternative j. This is 
summed for all i to determine the 
value of Vj, the vote for alternative 
j. 

Exhibit 3 .1. Formulas Representing a General Linear Model and Voting 

Exhibit 3 .1. shows that mathematically the group voting model voting is an 

expression of a linear opinion pool (e.g., Wainer, 1976). The only difference is in the 

interpretation of {3i, a weight assigned to a criteria in the general linear model and a 

weight assigned to voters in the group voting model. There is an extensive literature on 

linear opinion pools (e.g., Genest and McConway, 1990; DeGroot and Mortera, 1991), 



79 

most of it directed at optimal, mathematical combination of probabilistic judgments or 

results from different forecasting models, however very little research has been directed 

toward the aggregation of individual's opinions. 

A form of the group voting model where {3i is held constant for all members is 

defined as Percentage Voting. Percentage Voting is recognized as the best technique to 

represent the will of a group (e.g., Black, 1958; MacKenzie, 1958; Hwang and Lin, 

1987). In the decision making literature, not surprisingly, unit linear models (all criteria 

are given equal weight) have also been shown to be especially robust (Dawes, 1979; 

Dawes and Corrigan, 1974). 

A weighted average method need not assign equal weights to all voters though. 

The next two sections deal with various techniques for the combination of opinions with 

unequal weights on the contributors. Section 3.4 looks at the potential benefits of, and 

traditional methods used for, the assignment of unequal weights to members in a 

decisional group. Section 3.5 formally introduces influence allocation processes. They 

are a set of novel and intuitively appealing group processes that allow group members 

to weight the importance, in respect to a given issue, of each member in the group. 
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3.4 The Weighting of Individuals 

The main issue in mathematical aggregation of opinion deals with the allocation 

of weights to the membership. The simplest possible assignment of weights, of course, 

is uniform, or equal. Alternatively, unequal weighting schemes attempt to trade 

simplicity and "fairness" for accuracy. They retlect the understanding that not all 

contributors are equal. and they attempt to give more intluence to expertise. However, 

these allocations must be assigned with care -- they are often based on some combination 

of a subjective evaluation and each contributor's past track record (Ng and Abramson, 

1992). Opinions and weights then become inputs to aggregation functions such as linear 

opinion pools (Ferrell, 1985; French, 1985), logarithmic opinion pools (Genest and 

Zidek, 1986), Bordley scores (Bordley, 1982a, 1982b), and others to form consensus. 

Fisher (1980) said that from a practical standpoint it makes little or no difference 

how one aggregates the contlicting opinions of experts. "Any reasonable approach is 

likely to be as good as any other." [po 97] However, research in mathematical 

aggregation has led Ferrell (1990) to dispute this statement. Ferrell (1990) states that 

"specific knowledge about the judgment situation is needed, and it must be combined at 

its own level before rather than after it has been summarized into a final estimate by each 

individual." [po 142] An aggregation method that promotes an evaluation by each 

individual of each individual is needed. This section discusses how and why it might be 
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meaningful to assign different weights to different people in a decisional group. 

3.4.1 Weighting Individual Judgments 

Four approaches have been mentioned in the literature for obtaining the weights 

for a weighted aggregation of group member opinions: weighting by a central figure, 

self-weighting, performance weighting, and weighting by the entire group. 

3.4 .1.1 Weighting by a Central Figure 

Many approaches for weighting individual opinions suggest the use of an oracular 

decision maker who represents, according to Hogarth (1975), the "synthetic personality" 

of a decision group. Some have referred to this imaginary being as the Supra Bayesian 

(e.g., Keeny and Raiffa, 1976; Ng and Abramson, 1992). It is the task of this entity to 

evaluate the group members, their prior information space, the interdependence of this 

information, and member's calibration. Once this decision maker has determined its 

prior probability the opinions can then inputted and, using Bayesian mathematics, the 

oracle can update its prior probabilities. The weighting of the individualsis implicit in 

the use of their input by the Supra Bayesian. The oracular decision maker's posterior 

probabilities become the group consensus decision. 
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However, this oracle -- the fictitious bearer of prior probabilities -- does not exist. 

In practice, the Bayesian combination model must be agreed upon by the group itself or 

be imposed by a leader. But it is actually a modelling task requiring judgment, and there 

is no algorithm for doing it. 

In real groups, the leader of the group often takes the place of the oracle. In this 

case, all discussion, opinions, judgments and the like are filtered through a group leader 

who may have objective measures of past performance for each group member and 

subjective opinions about the group members current contributions. The leader distills 

the prior knowledge and opinions with the current inputs and returns with a verdict, 

which is then considered the group consensus decision. The problem with this approach 

is the subjectivity of the central figure which may discount the important inputs from 

certain participants, or emphasize lesser inputs from others, perhaps for inappropriate 

reasons. 

3.4.1.2 Self-Weighting 

In self-weighting, each member gives an assessment of personal expertise with 

respect to the judgment in question. This is done using a standard scale for all 

participants. Each assessment is then divided by the total of all the assessments to 

produce a normalized percentage weight for each participant. 
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3.4.1.3 Performance Weighting 

All methods discussed to this point are based on subjective judgments. This 

assumes that the evaluators, i.e., group leaders, oracles, or each participant, have the 

ability to make these judgments. An alternate approach, based on objective data, is 

performance weighting. The weights associated to each member's contributions are 

based on objective measures of past performance. The main drawback of this method 

is that the data required to compute the weights might be very difficult to collect or not 

exist, or the assumptions about the properties of the judgments might be wrong (Ferrell, 

1985). 

3.4.1.4 Weighting by the Entire Group 

A more participative approach than the previous methods is one that distributes 

the weight assessment task to all group members. Each member judges each other 

member and him or herself. Ferrell (1985) mentions two techniques: 1) the summing 

of each individual's rating and then normalizing, and 2) normalizing first to give weights 

assigned by each individual and then averaging these. Section 3.5 further expands on the 

contribution of weighting by the entire groups by considering methods called influence 

allocation processes. 
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3.4.1.5 Summary of Weighting Judgments 

Weighting methods have been tested in a variety of contexts but mostly in 

connection with assessment of subjective probabilities and with methods for aiding group 

opinion aggregation (Ferrell, 1985). In the empirical work that has been done, 

differential weighting of opinion has seldom been found to perform much better than 

equal weighting as a means of improving group performance (Ferrell, 1985; Schmidt, 

1971; Dawes, 1979; Dawes and Corrigan, 1974). This conclusion achieved salience with 

Wainer's (1976) Equal Weights Theorem in his article entitled "Estimating Coefficients 

in Linear Models: It don't Make No Nevermind." However, in problems with a single 

optimal solution, Barron (1981) demonstrates that weights do matter. It may be that 

weighting methods have not been tested in those situations where they can be especially 

effective (Ferrell, 1985). 

This dissertation presupposes that, for the aggregation of opinions about a well 

defined issue, the weighting of participants does matter if used in appropriate 

circumstances and that ass are well suited for its use. The next section discusses 

influence allocation processes which are sophisticated group weighting tools that allow 

each group member to evaluate each member's knowledge relevant to a specific issue and 

incorporate this supplemental judgment within group decision-making or aggregation of 

opinion processes. 
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3.5 Influence Allocation Processes 

Influence allocation processes are voting and opinion aggregating methods that 

allow members of a group to distribute some or all of their decision making influence to 

others in the group in order to exploit not only the group's knowledge of the alternatives, 

but its knowledge of itself. 

Two types of influence allocation processes have been proposed in the literature. 

SPAN (social participatory allocation network) was proposed by MacKinnon (1966a, 

1966b, 1969). A method that is here called RCON (rational consensus) was originally 

proposed by DeGroot ( 197 4) and was later extended and analyzed as a normative 

aggregation method by Lehrer and Wagner in a series of papers (Lehrer, 1977, 1978; 

Wagner, 1978, 1981, 1982) and in their book Rational Consensus in Science and Society 

(Lehrer and Wagner, 1981). Both SP AN and RCON, though quite sophisticated in the 

way they do so, produce a weighting of the individual members' opinions, a linear 

opinion pool. What is significant is that they do so anonymously and make use of 

information that members have about other members. 

Figure 3. 5. diagrams how influence allocation processes, such as SP AN and 

RCON, are related to other methods of aggregation of opinion applicable to GSS, 

including other influence allocation processes. 
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Conditions that could be expected to favor influence allocation processes are ones 

in which there is knowledge in the group about who knows what and whom, and the 

motivation and opportunity to use it. These conditions would include: (1) a 

heterogeneous set of tasks that require specialized knowledge to make a good choice on 

each issue, (2) a group that has a wide variety of knowledge and experience spanning the 

issues to be decided, (3) a group whose members are well acquainted, knowing each 

others strengths and weaknesses, and (4) a group whose members are motivated for the 

group decision to be the best. This might well be the description of a design team, a 

policy making group, or a production management team of the sort that currently use a 

GDSS. These groups have members with unique knowledge and technical expertise and 
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the groups must address a wide range of interrelated practical issues with a common 

purpose, success of the enterprise, and a common choice criterion, the instrumental 

rationality of the selected alternative. 

3.5.1 The Social Participatory Allocation Network (SPAN) 

In the original realization of SPAN by MacKinnon (1966a), the allocation of a 

fixed number of votes was carried out as an iterative process by computer. Each 

member starts with a number of votes that may be allocated among one or more of the 

other members of the group and/or among one or more of a set of discrete alternatives. 

The votes a member receives from others are then passed on according to the same initial 

allocation. Under suitable conditions, this iterative process converges with everybody's 

votes assigned to the alternatives, thereby ranking them or selecting one alternative to be 

the group choice. An easily met sufficient condition for convergence is that every 

member assign some proportion of votes to at least one alternative. Each member's 

initial number of votes may be determined by the group if it wishes to do so, but usually 

every member has a single vote to divide. 

The iterative allocation is the easiest way to conceptualize SPAN but the structure 

of the process can be modelled, as Ferrell (1985) pointed out, as an absorbing Markov 

chain, a fact that is useful for tallying the vote and computing measures of performance. 
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The members of the group are represented by the transient states, the alternatives by the 

absorbing states, and the passing of votes is represented by the state transitions. The 

proportion of votes allocated by one member to another or to an alternative is the 

transition probability from the transient state representing the member to the transient 

state representing the recipient or to the absorbing state representing the alternative. 

The probability of ending in a particular absorbing state k given that the process 

started in a particular transient state i is the proportion of member i's votes that 

eventually are allocated to alternative k. The sum of this measure over members, 

weighted if necessary by the members' initial voting power, is the total vote allocation 

to alternative k. This computation is accomplished in the following manner. 

Let the matrix of the proportion of votes member i allocates to member j be [ mij] 

= Q. Members do not allocate to themselves. Let the matrix of the proportion of votes 

member i allocates to alternative k be [aid = R. Then, from the theory of absorbing 

Markov chains, the probability the process will end in absorbing state kif it starts in state 

i is bik where [bik] = B = [I - Q]-1R. Thus bik is the proportion of votes that goes to 

alternative k from member i, by whatever route, and the total votes for the alternatives 

are the column sums of B, assuming one vote per member. 
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Figure 3.6. shows a SPAN ballot developed by the author for use on the 

GroupSystems ™ platform. The example is that of a ten alternative problem being 

considered by eight participants. Every member's ballot is different; this is the ballot 

for the participant at station 21 (Guy Carbonneau). This name does not appear on the 

ballot because, in SP AN, one's weight is represented by the allocation to alternatives. 

In this case , member 21 allocated 70 points to alternatives and 30 points to other 

participants in the group. Weights have been distributed to the alternatives participant 

21 feels are best and to the participants, other than himself, who he thinks should receive 

added weight on their allocation. Once members have completed their ballots, the SPAN 

process produces a group outcome by equation B = [I-QJ-1R. 

Figure 3.6. The SPAN Ballot 
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MacKinnon and his students tested SPAN in a few experiments and generally 

found it somewhat more effective than methods that did not involve influence allocation. 

A series of studies reported by Willis, Hitchcock & MacKinnon (1969) used ROTC 

students and fraternity members to rank the quality of previously obtained solutions to 

the "mined road problem" (OSS, 1948). The output of the voting process ranked each 

of the solutions. The weighted sum of the differences between this ranking and the 

ranking of the "objective" solution was the score for the voting process. It was found 

that individuals chose to allocate most of their voting power to other members and that 

these indirect allocations were more effective than their allocations directly to 

alternatives. SPAN performed better than percentage voting which was better than sums 

of ranks, but SPAN was not better than an alternative method (also an influence 

allocation process) in which the members assigned weights to other members and these 

were allocated according to each member's percentage vote. In a separate experiment, 

SPAN was used first by a larger group, fraternity members, to allocate voting weight to 

each member of a committee, fraternity officers. The committee then used either SPAN 

or percentage voting to distribute this weight to the alternatives. This preliminary use 

of SPAN to allocate voting power within the committee did not produce better 

performance than when the committee members had equal weight when using the voting 

methods. 
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In none of these tests did the group members have any special differential 

expertise at the task that other members might know about and that would afford a basis 

for allocating them more influence. Moreover, the dimensions of skill required for the 

task were not clear enough that one could reliably judge another person's skill. Hence 

the conditions under which influence allocation processes could be particularly effective 

were not met. Further, only one question was used in the experiments. Consequently, 

the conclusions are not at all definitive. 

3.5.2 DeGroot Weighting I Rational Consensus 

SPAN is only one of many ways that members of a group can potentially 

distribute among themselves the capacity to influence a decision. Another intuitively 

appealing example of mathematical aggregation has been proposed by DeGroot (DeGroot, 

1974). This model requires two types of inputs elicited from each individual member 

in the group: 1) votes to alternatives in a similar fashion to percentage voting, and 2) a 

set of weights reflecting the perceived relative expertise of each of the members of the 

group. These weights are constrained to be non-negative and normalized to sum to either 

1 or 100. 

Lehrer and Wagner (1981) have taken DeGroot's (1974) method of combining the 

weights individuals give to other members and have devdoped it into a normative theory 
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of aggregation of judgment that they call "rational consensus ". From this , their basic 

method is referred to as RCON. In RCON, the process of allocation to members and 

to alternatives that is done all at once in SP AN, is separated into two distinct processes. 

Allocation to members, including oneself, produces a matrix of weights [pij] = P of the 

weight assigned by member i to member j. Lehrer and Wagner (1981) call the weight 

assigned "respect" and state that one should logically assign some weight to any member 

whose opinion is respected more than a random opinion. Separate consideration of the 

set of alternatives {Ad by each member i leads to a matrix of weights [aik] = A, which, 

depending on the problem, can represent probability of correctness of that alternative or 

its utility or some other relative evaluation, provided it has the proper scale properties 

for weighted averaging. 

The allocation P among members can be modeled as a regular Markov process 

(under suitable conditions) , the weights being the transition probabilities. Hence it has 

a steady state solution. The fixed point weight vector w represented by the limiting value 

of any row of Pn, as n increases, is the consensus weighting. This vector of individual 

weights is then used to average the weights of the alternatives by wA = v, where vis 

the vector of final "votes" for the alternatives. 

Conceptually , as pointed out by DeGroot (1974), each member weights all the 

members ' initial opinions to arrive at a new opinion; th~n he or she takes that opinion 
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and the new opinions of all others and weights them in the same way to get a still further 

revised opinion, and so on. 

Under certain conditions, this iterative process will converge on a unique group 

opinion. For this, it is sufficient that at least one member be given some weight by all 

members. Whp.n this is the case, it is only necessary to find a set of weights Wi that 

would have produced the group judgment in the first place. These can be found by 

solving the set of equations in Formula 3.1. 

wP = w; (3.1) 

were w is the vector of weights being sought and P is the matrix [Pij ] of weights assigned 

by member i to member j. 

The conceptualization most comparable to that of SPAN is to interpret the Markov 

process, described by P, as modelling the passing of votes among the members in 

successive rounds. All members start with an equal number of votes and allocate a 

fraction of them, that may be zero, to every member including themselves. On 

subsequent rounds they allocate the votes received on the previous round in the same 

proportions. This stops when the number of votes each member has at the end of a 

round doesn't change between rounds. Members next allocate among the alternatives all 
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the votes they end up with in proportion to the weight each has previously assigned to 

each alternative described by A. 

Figure 3. 7. The DeGroot/RCON Ballot 

RCON can be thought of as an iterative process of allocation among individuals 

that is completed before individuals allocate, in a single final round, to alternatives. In 

SPAN both allocations take place together in an iterative process. SP AN can be likened 

to a "leaky" RCON process in which the votes passed among the members leak out to 

the alternatives on each round in proportion to the weight the individual assigns to 

himself. 
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Figure 3.7. shows the RCON ballot for the identical problem considered in SPAN 

earlier. Note that on this ballot the name of the member voting it, Guy Carbonneau at 

station 21, appears. This ballot requires two distinct sets of evaluations: 1) evaluation 

of oneself and of others in the group, and 2) evaluations of alternatives. Each evaluation 

must add up to 100 points. 

Comparing RCON ballots to SPAN ballots, it would seem that the RCON 

matrices P and A should be logically related to the SPAN matrices Q and R in the 

following way: 

P=Q 

A=R 

With the row totals of R as its corresponding diagonal entries in place of 
zeros (i.e., the total of votes one gives to alternatives in SPAN is the 
weight one gives oneself in RCON, and the fractions of votes to each 
other member in SPAN are the weights assigned to those members in 
RCON). 

With each entry normalized by its row total (i.e., one weights the 
alternatives in RCON in the same proponion as the votes one gives them 
in SPAN). 

Exhibit 3.2. Plausible Relation between SPAN and RCON Input Matrices 

Assuming the relationship in Exhibit 3.2., however, there can be a very large 

difference in the ultimate vote allocation between the two methods. The difference is 

especially dramatic if one gives votes away without getting them from others, or if one 

gets them without giving them away. In RCON, giving v?tes away without getting them 
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leads to a weight of zero and a complete lack of influence on the decision, no matter how 

much weight one gives to oneself, while getting them without giving them away gives 

one one's own influence plus that of all those who are linked to one by a chain of vote 

giving. On the other hand, the "leaky" property of SPAN ensures that, by voting for 

alternatives, all members are able to exert as much of their original influence as they 

wish on their choices, regardless of how others treat them. 

Nevertheless, the two methods have a great deal in common; both of them tend 

to give most decision influence to those in whom others have confidence and who have 

confidence in themselves. 

3.5.3 Extended Rational Consensus 

The RCON voting process has an extended version, proposed by Lehrer and 

Wagner (1981). In it, member judgments of other members' qualifications at different 

levels are explicitly taken into account. One interpretation of the RCON process is that 

as the matrix of allocations P is successively raised to higher powers, ultimately 

converging on a consensus (if suited to convergence), the successive multiplications are 

equivalent to members weighting the qualifications of all members (including themselves) 

at successive levels, first on their qualifications to decide the issue, then on their 

qualifications to judge who is qualified to decide the issue, and so on. 
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To fit this interpretation, the extended version of RCON incorporates mUltiple 

matrices representing judgments about the successive levels of members' qualifications. 

Let PI ,P2, ... ,Pn be matrices of allocation based on these levels. With RCON, these are 

all assumed to be equal to P and the limiting matrix pn as n increases gives the consensus 

weighting. With the extended version of RCON one finds the limiting matrix from the 

successive mUltiplications ( ... P4(P3(P2PI» .. ). Certain convergence properties of this 

process have been studied (Chaterjee and Seneta, 1977; Cohen, Hajnal, and Newman, 

1986; Wagner, 1981; Wagner, 1989). Though there is no empirical evidence, probably 

only two levels can be articulated effectively by the members and the remainder must be 

based on assumptions, including the assumption that they are identical. Plausible 

assumptions are that P3' P4, and up are all the same as P2, or, perhaps more reasonably, 

that they are all uniform, reflecting the belief that the higher levels cannot be clearly 

judged, and, thus, all members are equally unable to do so. It may be noted in this 

connection, that the simple group weighting scheme in which the weights assigned to 

each member by the other members are averaged is just a special case of XRCON in 

which the matrices P2 and up are all uniform, i.e., only the ability to make the decision 

is at issue and members do not differ in their ability to judge others' judgments about 

members. 

Kim (1990) tested an extended version of RCON. He compared it with voting 

by sum of ranks for the task of predicting the rank order of the effects on an output 
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variable of five different inputs to a computer simulation of a business. The subjects met 

as groups of five and discussed the problem before using the two voting processes. For 

extended RCON members first rated each member with respect to ability to answer the 

question. On a second iteration, the members considered all the previous ratings and re

rated the members based on these ratings. Kim (1990) gives no information about the 

number of judgment iterations the groups made, nor how much the judgments differed 

between levels. There is also no indication of how many RCON processes failed to 

converge. In terms of an evaluation of lAP, Kim's (1990) conclusions cannot be 

accepted as definitive. First, the task was not anonymous, hence other factors, such as 

evaluation apprehension and conformance pressures, may effect the results. Second, only 

one question was used. Third, there was no well recognized differentiable expertise 

within the group. The extended version of RCON will not be considered further in this 

dissertation. The properties of the multiple matrices representing judgments about the 

successive levels of members' qualifications are an important research topic but the 

author defers consideration of these to future research. 
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3.5.4 Extended Social Participatory Allocation Network 

The voting scheme SPAN has been extended by Ferrell (1992), allowing members 

to designate how recipients may use the influence allocated to them l
. A member can 

designate that it be applied to alternatives, that it be passed on to others or that it be 

divided between these uses as the recipients have done with their own influence. Thus, 

SPAN can easily accommodate cases in which one wishes to allocate influence to others, 

but wants them to use it as they see fit. Accommodating this kind of judgment presents 

a problem in less sophisticated lAP. 

The extended SPAN ballot is shown in Figure 3.8. The undesignated vote to 

others column from the SPAN ballot appears with its two extensions: designation for 

allocation to options and designation for allocation to others. Note that, as with the 

SPAN ballot, this is the ballot for station 21 and that that person's name (Guy 

Carbonneau) does not appear because the weight allocated to alternatives is, in effect, the 

weight one allocates to oneself. 

With the extended version of SPAN, XSPAN, members may make three 

allocations to any other member, resulting in three separate allocation matrices in 

I The following description of the extended SPAN; XSPAN, borrows extensively 
from that in Ferrell (1992) with permission of that author. 
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addition to the matrix representing allocation to the alternatives. Following MacKinnon 

(1966a), we shall term the person receiving the votes the representative of the giver. 

The three kinds of allocation are: 1) votes for the representative to give to the various 

alternatives in the proportions used for the representative's own allocation to alternatives, 

2) votes for the representative to pass on to other members to use with the same 

restrictions as were applied to the representative's own allocation to others, and 3) votes 

that are not restricted, that are to be distributed by the representative between alternatives 

and other members in the proportions that the representative originally chose. 

Figure 3.8. The Extended SPAN Ballot 

A model of the process that is suitable for computation and for representation is 

still the absorbing Markov chain. If we think of the process as one of sequential vote 
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passing, each member will have, at any stage of the process, 1) a store of votes that have 

been committed to alternatives but have not yet been apportioned among them, 2) a store 

of votes that must be passed on to others or to alternatives according to their designation 

by the giver, and 3) a store of votes that are to be distributed according to the members' 

original allocation. Thus there are three states that characterize the process for each 

member. The first is an absorbing state, until the votes must be apportioned among the 

specific alternatives, the latter two are transient, since the votes pass on from them. A 

suitable model is a Markov chain with absorbing states {ml' m2, ••• , mn} that accumulate 

the total votes that each member starts with or gets from others and places directly on 

alternatives. The states {Sl> S2, ... , sn} are the transient states that have the votes which 

the members have discretion to apportion, these are also the initial states. The other set 

of transient states is {tl' t2, ... , tn}; the votes to be distributed from these states have 

already had their destinations designated by the givers. The state transition matrices are 

derived from the allocation matrices QI' Q2' Q3 which are respectively the allocation 

designated for alternatives, the allocation designated to be passed on to others, and the 

allocation that is not restricted. In addition, there is the matrix RI giving each member's 

allocation from the accumulations represented by the absorbing states mj to the specific 

alternatives. These matrices and the related state transition matrices are presented in 

Figure 3.9., along with the calculations using them to compute the ultimate vote tally for 

the alternatives. 
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3.6 Summary 

The increasing use of computer networking in support of tasks that benefit from 

collaboration among individuals with different essential skills and knowledge provides 

a wide range of application for influence allocation processes. Many networked groups 

make a series of decisions that culminate in the final outcome so that even small 

improvements in performance may have substantial impact on over-all quality through 

their cumulative effect. This could be expected to be the case with, for example, 

concurrent engineering, quality function deployment, medical diagnosis and treatment 

(Gilmartin, 1973, 1974), joint application design / joint application requirement, and a 

host of other processes that charactistically require group decisions. 

For group decision-making, the very best performance may well be attained when 

a group comes to a reasoned consensus on an issue. However, since there is frequently 

no time or adequate informational basis for reaching reasoned agreement this way, and 

since plurality voting or even more arbitrary means are so often resorted to, there is a 

potentially valuable role for influence allocation processes in appropriate groups. 

As addressed in this chapter, voting tools that use ratio scale judgments are 

especially effective for pooling judgments and for amalgating preferential votes among 

alternatives. Percentage Voting and lAP use ratio scales'. lAP expand upon percentage 
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voting by incorporating a mechanism for the simultaneous evaluation of alternatives and 

members in groups through a more participative group process. And although 

differential weighting of opinion has seldom been found to outperform unit weighting, 

it has not been tested in situations that favor its use. The chapters to follow report tests 

of percentage voting and lAP for a set of group decision situations expected to favor the 

use of lAP. 
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The previous chapters identified the following issues pertaining to the use of 

voting within group support systems: (1) As procedures of closure, voting methods are 

suitable for many group types and decision situations, (2) voting methodologies currently 

in use within GSS do not use information about the group, (3) sophisticated voting 

processes called influence allocation processes have the potential of improving decision

making GSS sessions, but (4) they have not been tested in GSS environments or under 

the conditions which might make them especially effective. 

Based upon these points, this chapter discusses a research approach for 

investigating the implementation of lAP in group support systems and their effects on 

group performance. 

4.2 Research Methodology 

The fundamental goal of this research is the implementation of influence allocation 

processes and the evaluation of their performance. A practical research approach that 
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builds upon theoretical concepts has been used. This approach, the Systems Development 

Research Methodology, has been proposed by Nunamaker and Chen (1990) and reviewed 

in Nunamaker, Chen, and Purdin (1991). The methodology encompasses a hierarchy of 

"sub-methodologies" that embody formulative, descriptive, evaluative, and developmental 

research approaches. 

A formulative approach refers to research that defines and refines theories, 

frameworks, and paradigms. It identifies problems and objects for investigation, 

hypothesizes and tests for potential relationships, and interprets results (Kuhn, 1970; 

Dublin, 1978; Nunamaker and Chen, 1990; Nunamaker, Chen, and Purdin, 1991). A 

descriptive approach provides the input for developing units of theory as well as laws of 

interaction, system states, and model boundaries (Kulm, 1970). Evaluative approaches are 

usually characterized by theory or model building followed by hypothesis generation and 

testing (Popper, 1972: Ackoff, 1981). Developmental or action research is characterized 

by its ability to generate generalizable knowledge for explaining or solving problems 

(Laudan, 1977; Susman and Evered, 1978; Ackoff, 1981). 

In the Systems Development Methodology, a research problem is first specified, 

then past research and theories are reviewed, then a prototype is developed from its 

conceptual framework and the specification of its requirements, architecture, and design. 
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The design is then implemented, evaluated, and iteratively revised. The methodology is 

illustrated in Figure 4.1. 

Problems 

ObJectives 

Prototype 

Conceplual 
Framework 

Requlremenls] 

Archltecturo I 
Design 

Implemenlallon 

Evaluate 

• Observe 
• Test 
• Analysis 

Revillo 
'------- Prololype 

Protolype 

Generallzablo 
Devel. Knowled e 

THE SYSTEMS DEVELOPMENT METHODOLOGY 
Adapted from Morrison (1992) 

Figure 4.1. The Systems Development Research Methodology 

It is proposed to evaluate the merits of IAP relative to other methods, and to 

compare the merits of specific versions of them, by using a four part multi-methodological 

approach consistent with this systems development methodology. This approach should 

reveal the underlying strengths and weaknesses of the voting methods as technologies for 

the aggregation of opinion. The four parts are: 
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1. Empirical studies with experimental groups having the task of evaluating 
the prototype software system. 

2. Empirical studies with experimental groups deliberating on tasks having 
objectively correct answers. 

3. Computer simulation, allowing for the systematic evaluation of 
combinations of group size, knowledge, and strategy. 

4. A case study with an established group considering an authentic problem. 
This will evaluate performance of the tools, confidence in the 
methodologies, and acceptance of the solution. 

For the realization of influence allocation processes in GSS, there needs to be 

easily used software to implement the voting, the vote tally, and the reports. The software 

should make the aggregation processes understandable, easy to use, and robust even for 

non-technical novice users. 

With a working prototype of the software, it is intended to determine by 

experiment whether or not lAP can use more of the information a group has about the 

problem at hand and about itself and perform better than conventional GSS voting 

methods for a set of basic aggregation tasks, when the basic requirements for the use of 

lAP are met. 

Computer simulation will be part of the effort as a way to determine effective 

strategies for the allocation of influence. It is easy to implement, and personal computers 

allow one to carry out experiments with large sample sizes that ensure reliable 
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performance measures. The effects of allocation strategy are not easily understood and 

optimized strategies are not expected to be discovered from casual lAP use by the 

experimental groups. 

Influence allocation processes will also be tested for "ecological validity" for 

aggregating opinion about matters for which there is no way to determine the correct 

answer. This will be achieved by implementing lAP within a real group solving real

world problems. This shall determine the acceptability of lAP and the confidence in the 

efficacy of the methods for supporting problem-solving. 

4.3 Group Performance Research Models 

There is no commonly accepted causal model of group performance for studying 

group processes and outcomes in GSS, although several researchers have presented 

conceptual ideas based on theory and observation (Huber, 1984; DeSanctis and Gallupe, 

1987; Dennis, George, Jessup, Nunamaker, and Vogel, 1988). All these researchers 

recognize that group performance depends on group process. 

Many studies have used the work of McGrath (1984) and Hackman and Morris 

(1975) on small groups as the basis for group performance models (Zigurs, Poole. and 

DeSanctis, 1988; Gallup, DeSanctis, and Dickson, 1988; Kim, 1990). The input-pro cess-
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output model of group performance discussed by McGrath (1984) suggests that interaction 

process mediates input-performance relationships. However. the exact nature of the 

mediation remains unexplained. Hackman and Morris (1975) propose that a large portion 

of the variation in measured group performance is controlled by three "summary" 

variables: (1) the effort the group uses to achieve the task, (2) the task performance 

strategies used by group members, and (3) the knowledge and skills of group members. 

Each summary variable affects and is affected by the group process. This study focuses 

on two of these variables, the knowledge and skills of the group members and their 

strategy to achieve good personal and group performance. It is assumed that the effect 

of effort does not vary throughout the experiments. 

Figure 4.2, adapted from Dennis, George, Jessup, Nunamaker, and Vogel (1988), 

integrates many of the group performance models used to conduct GSS research. 

including those of Hackman and Morris (1975) and McGrath (1984). The figure shows 

six basic sets of variables: group characteristics, task, context, EMS, group process, and 

outcomes. This group performance model shows that individual participant traits, group 

cohesiveness and motivation, group size and proximity, past group history, and future 

relationships are all characteristics that influence meetings and should be controlled for 

in the design of the experiments. Furthermore, the task must be clearly defined and its 

complexity assessed, individual and group incentives must be defined and controlled, the 

type of EMS usage must be explained and remain constant. Finally, process 
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characteristics, such as structured pre-meeting discussion, anonymity and silence during 

assessment, must also be controlled for. The model also defines many outcomes: decision 

quality, participant satisfaction with the process outcomes and the process itself, and 

participant confidence in the process outcomes. 

GROUP 

• Individual Member 
Characterist ics 

• Group Size 
• Group History 
• Format/Informal 
• Ongoing/One-lime 
• Experience 
• Cohesiveness 
• Etc. 

TASK 

• Type of Task 
• Rational/Political 
• Complexity 

PROCESS OUTCOME 
• Etc. 

• Degree of Structure 
• Number of Sessions 

• Satisfaction with 
Process and Outcome 

CONTEXT 

• Anonymity 
• leadership 
• Participat ion 

• Outcome Quality -
• Time Required 
• Number of Ahernatives 

• Conflict • Number of Comments 

• Incentives and • Non-Task Behavior • Consensus 

Reward System 
• Organization Cuhure 

• Etc. • Confidence 
• Etc. 

• Environment 
• Etc. 

EMS 

• Presence/Absence 
of EMS Tools 

• Methods Design 
• Environment Design 
• Etc. 

Figure 4.2. A Group Performance Model (Adapted from Dennis, George, Jessup, 

Nunamaker, and Vogel, 1988) 
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4.4 Proposing nn lAP Pcrformnncc Rcscnrch Frnmcwork 

In this section, a framework for the study of group decision performance is 

proposed. It is presented in Figure 4.3. It synthesizes the work of McGrath (1984), 

Hackman and Morris (1975), Dennis, George, Jessup, Nunamaker, and Vogel (1988), 

Simon (1960), and Mintzberg (1973) and provides a high-level representation of a 

complex process decomposed into components that can be analyzed and understood. The 

following paragraphs will expand on the group decision process, on the relationship 

between voting methods and summary variables, and on controlling unwanted effects on 

the outcomes. 

4.4.1 The Group Decision Process 

The group performance model proposed by Dennis, George, Jessup, Nunamaker, 

and Vogel (1988) is a general research model. The central entity labeled process 

represents the set of all possible group processes. Proposed for this dissertation is a 

research model similar to that of Dennis, George, Jessup, Nunamaker, and Vogel (1988), 

but it substitutes Mintzberg's (1973) group decision model for the generic high-level view 

of a group process. In Mintzberg's model (1973), which was an extension of Simon's 

(1960) work, the process of decision-making is defined by five phases - compared to 

Simon's three. The first two phases in Mintzberg's 'model correspond to Simon's 
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"intelligence" phase. In problem recognition, opportunities and constraints are identified, 

and decision issues are defined in earnest. In problem diagnosis, decision-makers seek 

to comprehend the issues and determine cause-effect relationships for the decision 

situation. Generation of alternatives, similar to the "design" phase in Simon's 

classification, represents the group activities that produce a set of possible solutions to a 

problem. In the evaluation phase, the proposed alternatives are explored and evaluated 

in terms of decision criteria. Finally, in synthesis, each member must allocate votes in 

order to produce the best possible group outcome within the limitations of the voting 

method and the ballot. Then, the decision algorithm aggregates the different judgments 

within the group and produces group outcomes. The latter two phases correspond to the 

"choice" phase in Simon's classification. 

Studies in this dissertation use groups that are already immersed in the evaluation 

and synthesis phases of a decisional process. In five-alternative forced-choice problems 

with a single correct answer, the group does not need to interpret the problem or generate 

and discuss possible alternatives. These tasks are assumed to have already been 

completed. Furthermore, for experimental purposes the evaluation and synthesis is done 

individually. It is the mathematical aggregation mechanism that produces the group 

outcome, and of interest is the effect of this formal method on group performance. 
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Figure 4.3. lAP Performance Research Framework 

4.4.2 Relating Voting Processes to Summary Variables 

In Figure 4.3. the two-way arrow between the summary variables box and the 

voting processes box is indicative of the strong connection between voting processes and 

the use of member's knowledge, voting strategy, and member effort. Hackman and 

Morris (1975) estimated that a large portion of the variation in measured group 
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performance was controlled by (I) effort contributed, (2) the task strategies exploited, and 

(3) the knowledge and skills of participants. For example, only lAP will allow member's 

to allocate based on secondary or tertiary levels of knowledge (e.g., knowing who knows 

or knowing who knows who knows). Whether such knowledge is present or not for each 

member, it is the voting tool mechanism that enables or disables its use. Furthermore, the 

number of possible member voting strategies increases with more sophisticated voting 

mechanisms. Conversely, the lack of allocation outlets in less sophisticated tools may 

lead to frustration and diminished efforts by participants. In all cases, the resulting 

member ballots are mediated by the voting process used which, in turn, will effect group 

outcomes. 

4.4.3 Variables with Effects on The Outcomes 

In the lAP research framework, three entities affect outcomes: context variables, 

group decision processes, and voting processes. To fully understand the effect of one of 

these entities on the outcomes, it is imperative that the effect of the two others are either 

controlled for or factored out. The group decision process has the potential for 

influencing the group's performance. However, in this dissertation, the process is 

confined to its last two phases, namely evaluation and synthesis, which do not require 

group interactions. The effect of the group decision process per se should then be 

negligible. Context variables are controlled and remain constant in these studies. Hence, 
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the important cause-effect relationship in the framework is denoted by the arrow from 

voting processes to outcomes. 

It is proposed that the voting process will have a major influence on the group 

performance. Individual participants bring unique information, lmowledge or perspectives 

which may be shared among the members in verbal and non verbal exchanges (e.g., Shaw, 

1981). A group's effectiveness in decision-making tasks depends on its ability to extract, 

use, and synthesize the contribution of its members during interaction (Schweiger and 

Sandberg, 1989). A voting process will either increase or decrease this ability. For 

example, Influence allocation processes will allow the assessment and weighting from 

within the group of each group member according to that member's perceived issue

relevant knowledge. Traditional GSS processes only allow an evaluation of alternatives. 

4.5 Summary 

Using three group performance models (Hackman and Morris, 1975; McGrath, 

1984; Dennis, George, Jessup, Nunamaker, and Vogel, 1988) and two group decision 

models (Simon, 1960; Mintzberg, 1973) as its foundation, a research framework has been 

developed for the evaluation of GSS-based voting methods. The use of these methods 

may affect knowledge utilization within groups and group outcome. Through a multi

methodological approach consistent with the Systems Deve'lopment Research Methodology 
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(Nunamaker, Chen. and Purdin. 1991), the elements of lAP usage will be better 

understood. Based on this research framework, the next chapter will define dependent, 

independent, and other research variables. 
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The dissertation compares the effectiveness of traditional GSS voting methods with 

the effectiveness of influence allocation processes. The independent variables are the 

decision processes. Three traditional schemes (plurality voting, percentage voting -

referred to as "allocation" in GroupSystems™ -- and summing of ranks) and three IAP 

(SP AN, extended SP AN, and RCON) are included in different combinations within the 

various experiments. Context variables consist of group characteristics, the task, the 

setting for the decision meeting, and EMS usage. They are controlled or assumed not to 

change in the studies. Dependent variables are decision quality, satisfaction with the 

process, satisfaction with the outcomes, and confidence in the methodologies. In this 

chapter, the research variables used in this dissertation are defined and described. 

5.2 Controlled Variables 

In this study, the motivation for strict control of variables is to isolate with 

certainty and understand the effect of a formal aggregation method. Careful control of 
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the task, group size and development, levels of knowledge within the group, and the usage 

of EMS is needed to eliminate possible confounding effects. 

5.2.1 The Task 

A variety of task formats can be accommodated by lAP, essentially any task that 

can be reduced to selecting an alternative, weighting items in a set, or numerical 

estimation. These include: 

Selection 

1. Selecting one of a set: The alternative with the highest weighting or vote 
is selected. 

2. Selecting a subset or a committee of size n from N candidates. 

Weighting 

Weighting tasks are ordered by the measurement properties of the weights. Task 
3 produces an ordinal measure output, task 4 both an interval and a ratio 
measure, tasks 5 and 6 give ratio measures, and task 7 an absolute measure. 

3. Ranking members of a set: The rank order is determined by the order of 
the resulting vote to each alternative, the weighting is the normalized vote 
to each. 

4. Selection of an alternative by means of a multi-attribute or multi-objective 
decision process. 

5. Determining weights to be assigned to the members of the group for a 
subsequent process. 
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6. Allocation of a commodity among a member of categories. 

7. Obtaining a probability distribution over a set: 

a) For a discrete distribution, the normalized vote to each may be taken 
as its probability. 

b) For a continuous variable, the range of the variable is subdivided into 
a succession of sufficiently narrow intervals and the normalized vote to 
each is taken as the probability mass for that interval. Further voting can 
be used to subdivide the intervals as needed. 

Numerical Estimation 

8. Assessing a numerical variable: 

a) If a set of alternative values has been proposed, a single value can be 
obtained by selection as in 1. above or by a weighted average, the 
normalized vote to each alternative being the weight. 

b) If no alternative values have been proposed. the set of alternatives can 
be taken as a succession of equal intervals that span the solution space. 
The interval midpoints may then be averaged using the votes to the interval 
as weights, 01' the interval with the most votes can be further subdivided, 
or its midpoint chosen as the result. 

However, the structure of traditional ass voting processes influences the selection 

of an experimental task. Although some method could be devised for groups to execute 

all eight tasks with any of the traditional ass tools, some might be quite elaborate or else 

involve other activities such as members determining subjective probability distributions 

and sharing them with the group to then be voted on, etc. 
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In this case, a task which is simple, fast, replicable, and having an objectively 

correct solution was sought. A five-alternative, forced-choice task with a single correct 

solution was chosen. This selection task is simple and fast because it does not impose a 

great cognitive burden on the subjects. It permits the use of all voting processes in their 

usual form, is easily replicable and produces a set of objective measures. Improved 

selection is a convincing measure of group performance and, ultimately, selection is at the 

core of all eight proposed tasks. 

5.2.2 Group Size 

In groups without technical support, such as EMS, process losses increase rapidly 

with group size (Steiner, 1972). Shaw (198 I) concluded that in general, regardless of the 

task, the optimal unsupported group size is quite small, typically three to five members. 

With technical support, Nunamaker, Dennis, Valacich, Vogel, and George (1991) report 

that optimal group size depends upon the specific situation and in some cases can be quite 

large. For example, Jarvenpaa, Rao, and Huber (1988) report that groups of sixteen or 

more members are more effective than smaller groups for idea generation and exploration 

tasks when in an EMS. The best size for groups with decision-making and weight 

allocation tasks is not known (Rohrbaugh, 1979). 
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5.2.3 Size and Group Entropy 

Group size may be an important factor for the effectiveness of voting, but for a 

different reason than process loss. In decision groups, group size affects what shall be 

called group entropy. Group entropy is a concept borrowed from Physics and is a 

measure of the degree of disorder within a decision system. Disorder refers to 

randomness in the process, or a departure from the norm or optimal path to follow. For 

voting processes, group entropy is increased as more individuals are added to a decision 

group. Each added member causes an increase in the complexity of the voting process 

because of the new possible combinations for members to use their influence on 

allocations to alternatives and to other members. Group entropy is a most significant 

factor when the individuals selected to participate in a group vote have only marginal 

knowledge of the issue being contemplated by the group or about other group members .. 

When members with no real opinion take part in a vote, their votes may influence the 

group outcome in a negative way if they choose to allocate to an incorrect alternative (an 

unsuccessful guess) instead of indicating complete uncertainty by giving equal votes to 

all alternatives or if their presence induces other members to allocate to them. In groups 

with high group entropy, there is a higher probability that features designed to improve 

the voting process may, through misuse, actually worsen its effectiveness. However, if 

individuals with low degrees of knowledge allocate their weight to others with expertise 

within a group, which is feasible with lAP, size considerations and group entropy may 
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become less an issue. Group entropy is a complex issue and its effect has been controlled 

for in the experimental groups within this dissertation by keeping constant the context 

variables defined in Dennis, George, Jessup, Nunamaker, and Vogel (1988). 

5.2.4 Group Size and Technical Limitations 

In some of the experimental groups voting took place using software ballots in an 

EMS decision room. In these cases, decision room capacity, interface design, and 

compiler limitations constrain group size. The decision room used in the dissertation 

studies can accommodate only twenty-four simultaneous users in a same-time/same-place 

setting. Also, for an lAP electronic ballot, it is preferable for all alternative and member 

labels to appear on a single screen. An electronic ballot layout on a PC screen, one that 

follows human factors principles, has a limit of, perhaps, between eighteen or twenty 

member names. However, due to the limitations on the number of program variables in 

PC compilers such as TurboPascaflM and the high requirements for program variables of 

matrix-based algorithms, current lAP prototypes are limited to the support of fifteen 

members for SPAN and RCON, and twelve members for extended SPAN. 

The studies used groups ranging from three to twelve members, with most having 

five members. Five members of varying expertise considering five alternatives is similar 

to the typical organizational decision-making situation (Datamation, 1986). 
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5.2.5 Levels of Knowledge and Group Development 

Conditions that can be expected to favor lAP are ones in which there is knowledge 

in the group about who knows what and whom and the motivation and opportunity to use 

it. These conditions are usually present in groups made up of individuals acquainted with 

each other and working toward a common goal. To produce these conditions in the 

experimental setting, group members participating in this study needed to know about 

each other's expertise, knowledge, strengths and weaknesses, etc. This was achieved by 

selecting groups of people actually acquainted with each other and by convening 

orientation group meetings to discuss the experiment and everyone's expertise. 

Experimental groups were of work colleagues, social acquaintances, or students 

from a honors class. At the orientation meetings, members presented to the assembled 

group their skills, interests, hobbies and experiences. Group members were encouraged 

by the experimenter to ask questions about and discuss each others' knowledge and to 

create their own set of notes on the meeting for future reference. This discussion was 

then the basis for the creation, by the experimenter, of a set of multiple-choice questions 

that collectively spanned the knowledge range of the group, but for each of which there 

was likely to be only one or two members knowing the answer. In such a situation, the 

group's knowledge of itself has potential value. 
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5.2.6 Setting and EMS 

Characteristics of the physical setting, such as proximity of members, seating 

arrangement, lighting, and the like affect group behavior and performance (Shaw, 1981; 

McGrath, 1984). Furthermore, task specific factors such as EMS-mitigated anonymity 

(Nunamaker, Dennis, Valacich, Vogel, and George, 1991) and the suspension of verbal 

communication may have an effect. Thus, all groups performed the tasks, under the same 

conditions of physical setting, anonymity, and silence. 

5.2.6.1 Setting 

Two facilities were used for the studies depending on whether the experiments 

used paper or electronic ballots. First, the set of experiments that used paper ballots took 

place in a large and professionally appointed conference room. Up to sixteen people 

could sit around the conference table, which provided ample space to separate the group 

members in the study's smaller groups. Second, the electronically supported experiments 

took place in a tiered legislative-style decision room with twenty-four workstations. 

Again, the capacity of the room was larger than required. The extra privacy, in addition 

to anonymity and lack of verbal communication, emphasized individual judgement. 

5.2.6.2 Verbal Communication 

A host of researchers have studied the role of communication in consensus-
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building (e.g., Keen and Scott Morton. 1978; Turoff and Hiltz, 1982; I-Iuber. 1984; 

Watson. DeSanctis. and Poole, 1988). There is little doubt that oral or computer-mediated 

verbal communication will affect members opinions. In these experiments, discussion was 

prevented so that its tendency to aggregate opinion would not be confounded with the 

effect of the mathematical aggregation of the voting mechanisms. 

5.2.6.3 Anonymity 

All communication channels were eliminated in both paper-based and electronic 

experimental groups to ensure total anonymity. Anonymity can reduce or eliminate social 

cues, conformance pressures, and evaluation apprehension (Nunamaker. Dennis, Valacich. 

Vogel, and George, 1991). Again, the greatest concern in the experiments was to observe 

the effect of the formal methods and eliminate the contribution of other factors. 

5.2.6.4 Feedback 

No feedback about individual and group performance was given during the 

experiments. Adding feedback throughout the sessions would dynamically change the 

knowledge of the group. Without feedback, each person's response to the nth question 

in the process is accomplished with essentially the same knowledge as on the first 

question. 
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5.2.6.5 Reward Structure 

Student groups participated voluntarily for extra class credit, whereas work 

colleagues and acquaintances participated in exchange for help with their work and the 

opportunity to visit and learn about the decision room facility. It was originally planned 

to offer performance incentives to both individuals and groups. However, results from 

pilot tests showed the willingness of members to perform at high levels without additional 

incentives. Of course, better individuals and groups had the satisfaction of superior 

performance. 

5.3 Independent Variables 

Two sets of treatments were employed: Traditional ass voting methods and 

influence allocation processes. Plurality voting, summing of ranks, and percentage voting, 

the most frequently used decision tools in GSS, were the traditional methods. These were 

compared with three types of lAP: SPAN, XSPAN, and RCON. SPAN and RCON have 

been proposed as formal aggregation techniques but have not been tested in ass 

environments or under the conditions that favor their usc. XSPAN, an extension of 

SPAN, may use even more of the available knowledge within a group. 

Traditional tools are based on the democratic premise that group members have 

a right to equal influence on the group outcome, regardless of each member's level of 
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expertise. or that if there is differential expertise. the group leader assigns weights. 

However. it is usual for all votes. opinions. or judgments to carry equal weight toward 

the outcome. Alternatively, the basis of int1uence allocation processes is that members 

have different levels of expertise and knowledge of an issue and of other people in the 

group, and that those with more knowledge should have a greater affect on the outcome. 

The traditional GSS voting methods are available electronically through the 

GroupSystems'lM toolkit. The SPAN, XSPAN, and RCON programs have been designed 

and written by the author and integrated into the GroupSystems™ platform, thus 

presenting a seamless interface to the participants. The lAP programs are however totally 

independent of GroupSystems'IM. All voting methods were also adapted for paper ballots 

and computer aggregation. 

5.4 Dependent Variables 

The performance of the voting methods can be measured both objectively and 

subjectively. For problems like the five-alternative forced-choice task which have 

demonstrably correct answers, the objective performance criterion of the group outcome 

is its choice of the correct answer. This translates into whether the correct alternative 

received the most votes. A more descriptive measure of the group outcome, and one that 

applies even if the correct alternative is not chosen, is how many votes the correct 
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alternative received, i.e., the amount of weight allocated to it. For problems in which 

there is no correct answer or it is not known, the sole criterion for measuring the group 

outcome is members' confidence in, and commitment to, the decision (Fisher, 1980). 

Other subjective dependent variables of interest to the researcher are perceived 

fairness, personal involvement in the process and outcome, and acceptability of the 

outcome. Measures of satisfaction with the software embodying the lAP voting tools and 

with the process were also sought for the evaluation of their design. A validated 

measurement tool called the Questionnaire for User Interface Satisfaction (QUIS 5.0) was 

used to evaluate user acceptance (i.e., subjective satisfaction) of the lAP programs (Chin, 

Diehl, and Norman, 1988). 

5.4.1 Correctness 

For selection of an alternative to be made by a group, and for it to be accepted as 

a correct solution. a plurality of votes must be allocated to that alternative. This 

stipulation is important because in many instances, especially with plurality voting, votes 

can be split equally between two or more alternatives. In these cases, the group failed to 

decide but was nevertheless credited with lin of a correct answer, for a n-way tie, as if 

it had selected at random in order not to bias the results. In the summing of ranks 

method, the highest ranked alternative is considered the group outcome. If there is only 
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one top-ranked answer and it is correct, then the group will be credited with a correct 

answer. For methods that include percentage weighting of alternatives and vote splitting, 

the plurality rules apply. It is however statistically more difficult in these voting tools to 

attain a tie in the group outcome. 

5.4.2 Weight Allocated to Correct Solution 

The measure of weight allocated to correct solution is the percentage of votes 

allocated to the correct solution by the group. It is the numerical outcome of the 

aggregation process, which is different for every voting method. In plurality voting the 

votes cannot be split between alternatives. Thus, the weight allocated to the correct 

solution in this case is the proportion of members selecting the correct alternative. In all 

other cases, votes can be split and require algorithms that aggregate vote fragments. 

portions of the total weight (i.e., influence) assigned to each member. 

5.4.3 Other Performance Measures 

lAP have the potential to quantify Hackman and Morris' (1975) "summary" 

variables: effort, use of member's knowledge, and strategy. Because of their Markov 

chain structure, lAP can, in some cases, provide a variety of measures of voting power 

and effectiveness, and of relationships within the group that are revealed by the 
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allocations. For example, for SPAN one can compute the proportion of the votes directed 

to alternatives by memberj that came from member i, directly or indirectly, or the votes 

that member i applied to the correct alternative that came from other members. With 

influence allocation processes one can determine the effectiveness of member's allocations. 

The following measures can be used to relate group knowledge and structure to vote 

behavior. 

5.4.3.1 Measures of Individual Performance in SPAN 

1) Member i's direct allocation (denoted ADj): 

ADj = ~lij' where rjj is i's allocation to alternative j. 

2) Member i's direct allocation to correct alternative (denoted ADCj): 

ADCj = rjc' where c denotes an allocation to the correct alternative c. 

3) Member i's relative direct allocation to correct alternative (denoted ED): 

EDj = rjd ADj, this is the relative value of i as a Imowcr. 

4) Member i's indirect allocation (denoted AI j): 

Alj = 1 - ADj = ~k( qjk)' where qjk are i's allocations to member k. 
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5) Member i's indirect allocation to correct alternative (denoted AICi): 

AICi = (bic - ric), where bie is the total number of votes that i allocated to the 
correct solution and ric is the direct number of votes that i allocated to the correct 
solution. 

6) Member i's relative indirect allocation to correct alternative (denoted Eli): 

Eli = AIC/ Ali' Represents the proportion of vote from i that indirectly ends up on 
the correct alternative. 

7) Member i's indirect allocation to others that they allocate directly to the correct 
alternative (denoted AKCi): 

AKCi = ~iqij*rje)' where qij is the allocation of i to member.i and rjc is the 
allocation of member.i to the correct alternative. 

8) Member i's total indirect allocation to others that they then allocate directly to any 
alternative (denoted AKi). 

where qij is the allocation of i to member.i and ADj is the total direct allocations 
of member j. 

9) Member i's relative indirect allocation to others that they then allocate directly to 
the correct alternative (denoted EKJ. 

Represents the fraction of i's vote to others that is then directly allocated to the 
correct alternative. It is an effectiveness measure of i as a knower of the group 
member(s) who know(s) the answer. ' 
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10) Member i's indirect allocation to j others that they then allocate to /c others that 
they then allocate to the correct alternative (denoted AKKC j). 

where qjj is the allocation from member i to member j, qjk is the allocation from 
member j to member /c, and ADCk is member /c's direct allocation to the correct 
al ternati ve. 

11) Member i's total indirect allocation to j others that then gets re-allocated to k 
others (denoted AKK j). 

where qjj is the allocation from member i to member j, qjk is the allocation from 
memberj to member k, and ADk is member k's direct allocation to all alternatives. 

12) Member i's relative indirect allocation to j others who allocate to k others who 
then allocate it to the correct alternative (denoted EKK j). 

EKK j = AKKC/ AKK j : 

Represents the fraction of i's vote to others that then gets passed on to those who 
allocate it directly to the correct alternative. It is an effectiveness measure of i as 
a knower of those who know(s) the member(s) that know(s) the answer. 
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5.4.3.2 Measures of Individual Performance in Extended SPAN 

Refer to Figure 3.9. for an illustration of the matrices involved. Lower case 

subscripted variables are elements of their corresponding matrices. 

1) Member i's direct allocation (denoted ADi). 

ADi = 2:l lij ; where rlij is i's allocation to alternative j. 

2) Member i's direct allocation to correct alternative (denoted ADCi). 

ADCi = rlie ; where c denotes a correct allocation. 

3) Member i's relative direct allocation to correct alternative (denoted EDi)' 

EDi = rli/ADi; This is the relative value of i as a Imower. 

4) Member i's indirect allocation (denoted AI,). 

Ali = 1 - ADi = 2:k(qlik +q2ik+q3ik); where qlik, Q2ik, Q3ik are i's designated and 
undesignated allocations to member k. 

5) Member i's indirect allocation to correct alternative (denoted AIC), 

AICi = (bij*aje) - rlje; where bij is taken from the upper half of matrix Band aje is 
the allocation to the correct solution taken from matrix A. 
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6) Member i's relative indirect allocation to correct alternative (denoted Eli)' 

Ell = AICl Ali; Represents the proportion of vote from i that indirectly ends up on 
the correct alternative. 

7) Member i's indirect allocation to others that then allocate directly to the correct 
alternative (denoted AKCi). 

where qlij is the allocation by i to member} designated to be used on alternatives 
only and q3ij is the undesignated allocation by i to member}, rlje is the allocation 
by member} to the correct alternative and aje is the allocation by } to the correct 
alternative taken from matrix A. 

8) Member i's total indirect allocation to others that they then allocate directly to any 
alternative (denoted AKi). 

where qlij is the allocation by i to member} designated to be used on alternatives 
only and q3ij is the undesignated allocation by i to member}, ADj is the total direct 
allocations of member }. 

9) Member ;'s relative indirect allocation to others that they then allocate directly to 
the correct alternative (denoted EKi)' 

Represents the fraction of i's vote to others that is then directly allocated to the 
correct alternative. It is an effectiveness measure of i as a knower of the group 
member(s) who know(s) the answer. 
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10) Member i's indirect allocation to j others that they then allocate to k others that 
they then allocate to the correct alternative (denoted AKKCj). 

where q2ij is the vote from i to j designated for others, q3ij is the undesignated 
allocation of i to j. djk represents the proportion of j's votes to others that go to 
k designated for alternatives and ake is the proportion of k's votes to alternatives 
that go towards the correct option; m3jk denotes the proportion of j' s votes to 
others that go to k undesignated and r lke is the proportion of' k's votes that go to 
the correct alternative directly. qljk is j's allocation to k designated for use on 
alternatives. 

11) Member i's total indirect allocation to j others that then gets re-allocated to k 
others (denoted AKKj). 

where q2jj is the vote from i to j designated for others, q3jj is the undesignated 
allocation of i to j, djk represents the proportion ofj's votes to others that go to 
k designated for alternatives; m3jk denotes the proportion ofj's votes to others that 
go to k undesignated and ADk is k's direct votes to alternatives. qljk is j's 
allocation to k designated for use on alternatives. 

12) Member i's relative indirect allocation to j others that they then allocate to k 
others that they then allocate to the correct alternative (denoted EKKj). 

EKK j = AKKC/ AKK j ; 

Represents the fraction of i's vote to others that then get passed on to those who 
allocate it directly to the correct alternative. It is an effectiveness measure of i as 
a knower of those who know(s) the member(s) who know(s) the answer. 
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5.4.3.3 Measures of Individual Performance in Rational Consensus 

The algorithm for the aggregation of votes in RCON is fundamentally different 

from that used in SPAN or XSPAN. In RCON, "vote passing" is accomplished in a two 

step process. The algorithm first completes an iterative process of allocation among 

individuals and then allocates, in a single final round, to alternatives. In SPAN, the vote 

passing algorithm allocates to individuals and to alternatives simultaneously in a single 

iterative process. Refer to Exhibit 3.2. Upon initial inspection, it seems logical to 

conclude that the RCON input matrix should be mathematically related to the SPAN input 

matrix in the following way: I) the weight one gives oneself in RCON is the number of 

votes one gives to alternatives in SPAN, and 2) one weights the alternatives in RCON in 

the same proportion as the votes one gives to them in SPAN. However, Balthazard, 

Ferrell, and Aguilar (1992) have shown that a SPAN input matrix translated into its 

RCON counterpart and processed by the RCON algorithm did not produce the same 

outcome as the SPAN. Furthermore. they found that the methods seemed to induce 

different allocative dispositions in the respondents, so that, for the same set of alternatives 

and the same group, the SPAN and RCON input matrices did not have the "logical" 

relationship supposed. Hence, to produce measures of individual performance for RCON 

by transforming its input matrix into a logical SPAN to then use the resulting SPAN 

measures is an erroneous path to follow. 
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Performance measures are possible for RCON, but are different from those of 

SPAN and XSPAN. The Markov chain process in RCON transforms the initial inputs 

from all the members into a steady state where everyone contributes equally to everyone 

else's final voting weight. It is the whole structure of the initial allocations that 

determines the weight distribution, but each person's amount is equally contributed to by 

everyone else. Specifically, the indirect influence is equal for all members. 

A technique to derive how every member influences the RCON outcome is 

successively to substitute equal weights for each members' allocations and determine the 

differences in the outcome. For evaluating the effect of members' indirect allocations the 

substitution applies to the respect vectors (rows of the P matrix) only. For evaluating the 

overall effect of a member, the substitution applies to both the respect and alternatives 

vectors (rows of the P and A matrices). However, these values are not directly 

comparable to the SPAN and XSPAN performance measures. For this reason, a 

comparison of RCON to SPAN/XSPAN is here limited to the differences in the standard 

objective and subjective dependent variables and between the input matrices. 

5.5 Summary 

Research variables for investigating the effectiveness of traditional GSS voting 

methods and influence allocation methods have been identified and described in this 
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chapter. All tools were available in paper-based and electronic formats. lAP software 

was evaluated for user acceptance using the QUIS measurement tool. The group task was 

the answering of a series of five-alternative, forced-choice questions. Groups ranged from 

three to twelve members, with most having five members. All group members were well

acquainted with each other. Environmental factors, setting, and EMS-mitigated factors 

such as anonymity and communication were controlled. The performance of the voting 

processes were tested in both objective and subjective ways: objectively through decision 

accuracy and weight allocated to correct solution, and subjectively through the evaluation 

of perceived satisfaction on several factors. The next chapter hypothesizes and predicts 

the effects of these voting methods on the dependent variables. 
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CHAPTER 6 

RESEARCH HYPOTHESES 
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The major issue of this dissertation can be stated as follows: Do influence 

allocation processes improve the efficiency and effectiveness of group decision-making 

relative to typical GSS voting processes? In this chapter, five sets of specific hypotheses 

are proposed and discussed. The first set deals with the evaluation and implementation 

of the prototype lAP systems that are to be compared with already existing GSS voting 

software. The second set consists of hypotheses &bout decision quality, using correctness 

of choice and weight to correct alternatives as measures. The third set of hypotheses uses 

measures derived from the Markov process that models SPAN and RCON as a basis for 

examining the effectiveness of use of knowledge within the group about the group itself. 

The fourth set of hypotheses refers to subjective evaluations of the methodologies by a 

real group using an lAP for an actual problem. The last set deals with the outcomes of 

simulation to assess the effects of group size and of various allocative strategies. 
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6.2 Prototypc lAP Systcm 

lAP require more judgments of group members and there are more numbers to be 

input. Is this a barrier to their practical use? The following hypothesis attempts to deal 

with the question "Can lAP be implemented so as to be acceptable in a group support 

system?" The prototype lAP systems are deemed functional once they operate 

synchronously with multiple users in an EMS environment, respond with minimal delay 

and with correct analyses of the inputs. Once functional, for them to be considered as 

acceptable, they must first be used and favorably evaluated by real users for aspects, such 

as interface design and usability (Morisson, 1992). Assuming a functional system, the 

following hypothesis is to be tested. 

HI: lAP software tools will perform equally well as or better 
than traditional GSS voting tools when evaluated by users. 

A twenty-four question software evaluation survey adapted from Chin, Diehl, and 

Norman (1988) was used to compare the lAP tools to a typical GSS voting tool. The 

rationale is that if lAP tools compare favorably to an implemented and mature voting tool, 

namely. GroupSystems™,s Allocation tool, on factors that include visual interface, 

terminology and system information, learning capabilities, general system capabilities, and 

overall impression, then the prototype is acceptable. 
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Because the mature tool does not have any noticeable deficiencies, it will be 

difficult for any new voting tool to outperform it on the above criteria. However, it is 

expected that each new lAP software tool would be evaluated as equivalent to a mature 

voting tool. 

6.3 Decision Quality 

The criteria for evaluation of decision quality are based on two objective measures: 

correctness of choice and weight allocated to the correct alternative. In typical GSS 

voting methods, member inputs receive equal weight regardless of members' actual 

competence or expertise. Influence allocation processes aggregate inputs from members 

using a process in which member contributions are weighted by all members of a group 

according to perceived competence or expertise. This leads to the following hypotheses: 

H2: lAP methods will outperform the plurality voting and 
percentage voting techniques in the proportion of correct 
answers selected. 

H3: lAP methods will outperform the plurality voting and the 
percentage voting techniques in the total weight allocated to 
correct answers 
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The main differences bctween the traditional voting techniques and lAP become 

apparent when specific members do not have an opinion on an issue or do not know the 

answer to a question being considered. In these situations, lAP can harvest members' 

knowledge on other levels by accepting allocations to other members within the group. 

A member may wish to give voting power to another who is perceived to be more 

qualified than himself to choose an alternative or to another who knows better who is 

more qualified and who will, presumably, pass the power on to that person or persons. 

The hypotheses are expected to be correct if, when members cannot choose an 

alternative, they will allocate to other group members who are better than they at 

choosing. Thus, cumulatively, more weight will be given to people with better solutions 

and the process will result in higher quality decisions. However, if members are not 

especially good at finding the member or members with the appropriate knowledge, or if 

there is no appropriate knowledge within a group for a specific issue, then it is expected 

that lAP will do no worse than ordinary, unit weighted, percentage voting. 

6.4 Knowledge Use 

The list of performance measures at the basis of these hypotheses is not exhaustive 

and many other worthy hypotheses could be tested. However, the goal of this section is 

to demonstrate the potential of harvesting knowledge at different levels. 
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lAP provide more opportunities for group members to use their knowledge. lAP 

potentially combine information about the alternatives with social information that 

members have about the expertise and competence of other group members, whereas 

typical voting tools use only knowledge specific to alternatives. It is thus appropriate to 

hypothesize about the effectiveness of members' use of vote allocations to others. lAP, 

because of their Markov chain structure, can provide measures of voting effectiveness for 

every member. These hypotheses offer an opportunity to compare and contrast the three 

lAP methods independently from the other tools. 

H4a: Members in a decision group are capable of discerning 
members with the expertise and give them more voting 
weight. 

H4b: Members' relative indirect allocation to the correct 
alternative outperforms members' relative direct allocation 
to the correct alternative when only a minority are 
knowledgeable about the questions. 

H4c: The relative indirect allocation to the correct alternative will 
be higher in XSPAN than in SPAN. 

An important premise for the effective use of lAP is that members of a group are 

capable of ultimately selecting for allocation a member who knows either the answer, 

someone who knows the answer, or someone that knows someone who knows the answer. 

A measure of the proportion of total group weight ultimately given to members having 
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their highest weight on the correct solution will be used. It is expected that in groups 

whose members know each other and have a range of knowledge, members will know 

who knows. Also of interest, is whether members are more effective at allocating to 

alternatives or to others. 

Because XSPAN allows for the designation of the vote to others into potentially 

more etTective "other" and "alternative" categories. it has the potential to be more 

effective than the two other lAP methodologies. 

Indirect allocations in SPAN and XSPAN can be further divided into votes to 

others that end up on alternatives, votes to others that go to others and then end up on 

alternatives, and so on. In principle, of course, this could continue to an infinite series 

of judgments about others' qualifications to judge others' qualifications to judge, etc. It 

seems plausible that only two levels can be articulated effectively by the members. 

Hence, the following set of hypotheses try to account for most of the votes allocated 

indirectly and the path used to attain the correct alternative. 

H5: The relative indirect allocation to others who then allocate 
to the correct alternative will be higher in XSPAN than in 
SPAN or ReON. (Knowledge about "knowing who knows" 
will be used more effectively in XSP AN). 



H6: The relative indirect allocation to others who then re-
allocate to others who then allocate to the correct alternative 

, will be higher in XSPAN than in SPAN. (Knowledge about 
"lmowing who knows who knows" will be used more 
effectively in XSPAN). 
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Again, XSPAN allows the members to designate their indirect vote whereas RCON 

and SPAN use original distributions to proportionally redirect indirect votes. Assuming 

that members are capable of distinguishing who is better than they and why they are 

better than they, the XSPAN should apply this extra information and produce higher 

quality decisions through a more effective indirect allocation. 

6.5 A Real Group: Satisfaction and Confidence 

This section is concerned with subjective evaluations of lAP. Hoffman and Maier 

(1961) and Fisher (1980) suggest the following criteria, satisfaction with the process, 

personal involvement, perceived fairness, confidence in the outcome, and commitment to 

the outcome. This leads to the following hypotheses: 

H7a: Users will exploit the powers of lAP if they are made 
available to them. 

H7b: Users will perceive lAP as being more powerful than 
regular voting mechanisms. 



H7c: Users will agree that lAP outcomes are representative of the 
group knowledge. 

H7d: Users would use lAP again if given a chance and 
recommend its use to colleagues in need of group decisions. 
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It is expected that users will understand lAP and use constructively the new 

potential of allocating to others. They will recognize in this potential a powerful 

aggregation tool that produces fair and representative group outcomes. We expect that 

users having an extended opportunity to apply the methodologies would choose to use 

them again and recommend their use to colleagues in need of group decisions. 

6.6 Simulation: Effects of Group Size and Strategy 

Computer simulation is an approach that determines effective strategies for the 

allocation of influence. The study of strategy is complex. In light of this, the role of 

simulation in this dissertation will be limited to the domain of the following hypotheses: 

H8: Strategies that improve the allocation of votes in lAP can 
be devised. 

The discovery of effective strategies for the allocation of votes in lAP must be the 

result of careful analysis and simulation. They are not likely to be found by casual use 
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by real groups. The study of this hypothesis is intended to initiate the development of a 

taxonomy of strategies and prescriptions for better lAP use. 

H9: lAP will outperform traditional GSS voting processes for 
groups with a minority of members having knowledge about 
the issue at hand. This result will be amplified in larger 
groups with little expertise. 

In many group tasks, the size of the group and its homogeneity are important 

factors to consider (Nunamaker, Dennis, Valacich, Vogel, and George, 1991). This 

hypothesis looks at the availability and mix of knowledge within a group and group size. 

It postulates that in groups with little knowledge about the issue (a high level of 

unfamiliarity with the topic) lAP will still perform adequately and much better relative 

to typical GSS methodologies. Increasing the group size increases the group's probability 

of having someone within the group that knows the answer (Lorge and Solomon, 1960). 

If this is so, it is suggested that size is not an important factor for the use of lAP, nor is 

each members' knowledge about the issue. Instead, the important factors would be the 

availability of knowledge about a particular issue within the group and solid knowledge 

by group members about other group members for at least a subset of the group. 
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6.7 Summary 

This chapter defined fourteen hypotheses covering five major issues for the 

development and implementation of influence allocation processes within group support 

systems. First, a newly developed system must be evaluated favorably by individuals who 

would normally use it. Then, once implemented, the tools are compared to typical GSS 

methods for decision quality. Third, lAP become the focal point through hypotheses 

concerning knowledge use. Then, hypotheses dealing with the sUbjective evaluations of 

satisfaction and confidence by participants in real groups are drawn. Finally, two 

hypothesis concerning the simulated use of lAP by groups of different size with members 

using different allocation strategies are outlined. 

Testing these hypotheses requires a multi-methodological approach that includes 

software development, experiments with human subjects, simulation, and a case study with 

a real group. Chapter 7 describes a series of experiments with human groups. Chapter 

8 explains the setup, implementation, and results of computer simulations of lAP. 

Chapter 9 describes the porphyry copper workshop in which lAP were used by a real 

group to support them by combining judgements. Finally, Chapter 10 will summarize the 

findings from these different studies. 
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CHAPTER 7 

IMPLEMENTATION AND USE OF lAP IN DECISION GROUPS 

7.1 Introduction 

A series of laboratory studies was undertaken to compare the effects of the use 

of traditional voting processes and influence allocation processes on group decision

making. Many of the hypotheses developed in Chapter 6 were tested using decision 

groups that considered sets of factual questions specifically chosen to span the areas of 

interest and knowledge represented by their group. The experiments with human groups 

are presented in two major parts, the "early" and "later" studies. 

The early experiments were paper-based and dealt with the replication of prior 

studies in lAP and with the development of lAP software for use in a GSS. The first 

study reconsidered the information gathered by Aguilar (1980) in a test of SPAN. She 

found that the use of SPAN resulted in a higher proportion of correct answers. The 

original data were re-analyzed and more insights are presented. The second study 

replicated and expanded Aguilar's experiment to include a study of an extended version 

of SPAN. A third study concentrated on the logical relationship, and the differences in 

allocations, between RCON and SPAN. The fourth study involves two distinct groups 

using SPAN and RCON. 
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In parallel to these paper-based experiments, lAP software was being developed 

for use on a GroupSystems ™ platform. The fifth study, and the last of the early studies, 

dealt with lAP prototype evaluations and implementations. 

The later experiments were usually computer-based and dealt with learning more 

about lAP and its use in real-time with decision groups. The sixth study used measures 

derived from the Markov process and examined the effectiveness of the use of knowledge 

within groups using SPAN and its extended version. The seventh, and last study, 

examined the appropriateness of lAP in larger groups. 

7.2 STUDY 1: Reconsideration of Aguilar (1980) 

The initial work of this dissertation was the reconsideration of an experiment 

completed by Aguilar (1980). In her study, a group of seven participants considered 60 

factual questions spanning the groups' knowledge, using traditional voting processes and 

SPAN. See within Appendix A for examples of factual questions. Participants had very 

different backgrounds, professions and interests but were well acquainted with each other 

and knowledgeable about each others' backgrounds and interests. 
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Procedure 

Instructions were read to the participants and their questions were answered by 

paraphrasing those instructions. They answered the questionnaire while sitting in the 

same room so that members were clearly visible to one another. However, they were 

asked not to speak during the experiment and told that speaking would disqualify their 

answers. Feedback was not given to any participant until all data had been collected. 

No time limit was imposed. Discussion was prevented so that its tendency to aggregate 

opinion would not be confounded with the effect of the formal methods. 

Voting Methods 

Three methods of aggregating the individual opinions were used, plurality voting, 

percentage voting, and SPAN. For each method there was a different response form. 

The subjects were given 100 votes for each question and asked to allocate them according 

to the three techniques: 1) plurality voting: the full allocation of 100 votes to the one 

answer perceived as most likely to be correct. 2) percentage voting: the 100 votes are 

allocated to the alternatives in proportion to one's subjective probability of each 

alternative being the correct one. 3) SPAN: the 100 votes are allocated among both the 

alternatives and other group members, presumably to group members who are believed 

to have more expertise about the question or about who knows the answer. 
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Hypotheses 

The hypotheses tested in study 1, and throughout the dissertation, deal with the 

quality of decisions produced by various voting processes (see section 6.3 on decision 

quality). The criteria for evaluation of decision quality are based on two objective 

measures: correctness of choice and weight allocated to the correct alternative. 

Ha: SPAN will outperform both the plurality voting and the percentage 
voting techniques in the proportion of correct answers selected. 

Hb: The percentage voting technique will outperform plurality voting 
in the proportion of correct answers selected. 

Hc: SPAN will outperform both the plurality voting and the percentage 
voting techniques in the total weight it allocates to correct answers. 

Hd: The percentage voting technique will outperform plurality voting 
in the total weight it allocates to correct answers. 

Analysis 

The normal approximation to the binomial was used to compare the proportions 

of correct answers between the techniques and between techniques at different levels of 

group expertise, i.e., the number of members who identified the correct answer with 

plurality voting. F-tests were used in a series of pairwise comparisons of the total weight 

assigned to the correct answer between the techniques and at different levels of group 

expertise. Probability levels reported in this investigation above the 0.05 level are 

assumed to be nonsignificant. 



154 

Findings 

a) Hypotheses Ha and Hb: Proportions of Correct Answers 

The proportions of correct answers were 37/60 for plurality voting, 41/60 for 

percentage voting and 45/60 for SPAN. Using the normal approximation to the 

binomial, SPAN is better than plurality voting (p<0.05), but it is not significantly better 

than percentage voting, nor is percentage voting significantly better than plurality voting. 

On the 36 questions where not all methods gave the same answer, the proportion 

of correct answers was 18/36 for plurality voting, percentage voting accounted for 22/36 

correct answers, and SPAN 28/36. In these cases, SPAN was significantly better than 

plurality voting (p < 0.007) and better, but not significantly better, than percentage voting 

(p < 0.06). Even on this restricted set of questions percentage voting did not significantly 

outperform plurality voting. 

In a group with a minority of members knowing the correct answer in plurality 

voting there is a danger that the correct answer will not be selected by the group. The 

correct answer will not be selected by plurality voting unless there is sufficient scatter 

in the choices of those who do not favor it. In percentage voting, agreement on the 

correct answer as a second or third choice and scatter among first choices can lead to 

correct choice by the group even if no one has the correct answer as the first choice. 

With influence allocation, the opportunities for selection 'of the correct alternative when 
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a minority know it are multiplied still further, since those who do not know can pass 

their influence on to those who do. These observations led us to separate the data into 

eight subgroups of questions, each having a different number of group members correctly 

selecting the correct answer in the plurality voting condition. Figure 7 .1. shows the 

proportion of correct answers given by different voting methods in these eight subgroups. 
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In the 24 ·questions where a minority of members reported the correct answer, 

plurality voting, percentage voting, and SPAN scored 6, 11, and 16 correct answers 
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respectively. SPAN is better than either plurality voting (p < 0.001) or percentage voting 

(p < 0.02). Percentage voting is also better than plurality voting (p < 0.05). Thus, in the 

difficult cases when there is a minority with the correct answer, Hypotheses Ha, that 

SPAN is superior to the other two methods, and Hb, that percentage voting is superior 

to plurality voting, are supported. 

b) Hypotheses Hc and Hd: Weight Allocated to the Correct Answer 

Figure 7.2. shows the percentage of the total vote exercised by group members, 

that was assigned to the correct answer for each of the methods as a function of group 

expertise. Plurality voting assigns weight to the correct solutions directly in proportion 
. 

to the group expertise. The reverse S-shaped curve is that of the percentage voting 

method. In situations with low group expertise, non-expert members tend to equalize 

their percentage allocation among the alternatives, whereas the experts allocate more to 

the correct solution. This explains the better performance of percentage voting over 

plurality voting in groups with low expertise. In groups of high expertise, a different 

phenomenon occurs, in which those who know "hedge" their correct responses by 

allocating somewhat less than all their votes to the correct alternative. In these 

situations, plurality voting outperforms percentage voting. In every case except when 

no one knows the correct answer, SPAN allocates as much or more weight to the correct 

answer as either of the other methods. In groups with 0 or 7 who know the answer, the 
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choice of method is irrelevant to the outcome. In situations of minority group expertise, 

SPAN is the technique that allocates most weight to a correct solution . 
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Considering all votes except those when there was no knowledge in the group or 

when everyone in the group knew the answer , SPAN allocated significantly more weight 

to the correct solution than percentage voting (F(I,98) =34.31, P < 0.0001) and plurality 

voting (F(I,98)=20.75, p<O.OOOI). Percentage voting and plurality voting did not 

allocate weight to the correct solution in a significantly different way. In the cases when 

only a minority of the participants knew the answer , SPAN again outperfonned 
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percentage voting (F(1,46)=15.58, p<O.0003) and plurality voting (F(1,46)=16.90, 

p < 0.0002). There was no significant difference in the weight outcomes of percentage 

and plurality voting. Hence, in all cases Hypothesis He, that SPAN is superior to the 

other two methods, is supported but Hypothesis Hd, that percentage voting is superior 

to plurality voting in weight allocation to the correct solution, is not supported. 

7.3 STUDY 2: Replication of Aguilar's (1980) study 

A replication of Aguilar's (1980) work was undertaken with a group of five 

participants, again all well acquainted with each other. They were asked to consider 75 

questions that had been developed specifically to test knowledge held by only a minority 

of people within the group, since this type of question was of particular interest to the 

researcher. 

Procedure 

The procedure used by Aguilar (1980) was not modified. However, a group 

orientation meeting was held prior to the experiment to review each persons' knowledge 

and to acquaint participants with the voting techniques, which now also included an 

extended version of SPAN. The experimenter also used this pre-session meeting to 

define knowledge domains for the preparation of questions. 
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Voting Methods 

Four methods of aggregating the individual opinions were used, plurality voting, 

percentage voting, SPAN, and XSPAN. For each method there was a different response 

form. The subjects were given 100 votes for each question and asked to allocate them 

according to the same techniques as above, and to an extended version of SPAN. In 

XSP AN, the 100 votes are allocated among both the alternatives and other group 

members, presumably to group members who are believed to have more expertise about 

the question or about who knows the answer. The allocation to others can be further 

designated for use on the other's allocation to alternatives, or the other's allocation to 

others. 

Hypotheses 

The hypotheses tested in study 2 were identical to those in study 1 except that lAP 

are represented here by two processes, SPAN and XSPAN. They dealt with the quality 

of decisions produced by various voting processes. The criteria for evaluation of 

decision quality are based on two objective measures: correctness of choice and weight 

allocated to correct alternative. 

Analysis 

The normal approximation to the binomial was used to compare the proportions 

of correct answers between the techniques and between techniques at different levels of 
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group expertise. F-tests were used in a series of pairwise comparisons of the total weight 

assigned to the correct answer between the techniques and at different levels of group 

expertise. Probability levels reported in this investigation above the O. 05 level are 

assumed to be nonsignificant. 

Findings 

Of the 75 questions , 12 did not receive a correct answer by any of the 

participants , 40 received correct answers by a minority of the participants (1 or 2 

people) , and 23 questions received correct answers by a majority of the participants, 

including 5 questions that received a correct answer by all participants. Whereas the 

overall knowledge in Aguilar 's (1980) group was 50.5 % (212 correct answers in 420 

opportunities), the knowledge in this group was only 40.5 % (152 correct answers in 375 

opportunities). This result emphasizes the attention given by the experimenter to 

developing questions of topics with minority expertise in the group. 

a) Hypotheses Ha and Hb: Proportions of Correct Answers 

The proportions of correct answers were 27 /75 for plurality voting , 37 /75 for 

percentage voting , 41/75 for SPAN, and 40/75 for XSPAN. Using the normal 

approximation to the binomial, SPAN and XSPAN are better than plurality voting 

(p < 0. 005 for SP AN, p < 0. 005 for XSP AN) , but they are not significantly better than 
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percentage voting. Percentage voting is also significantly better than plurality voting 

(p < 0.05). 

Again, the observations were separated into subgroups of questions, each having 

a different number of group members correctly selecting the correct answer in the 

plurality voting condition. For this group, five subgroups were created. 
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Figure 7.3. Weight Allocations to Correct Alternatives in Study 2 

In the 40 questions where a minority of members reported the correct answer, 

plurality voting, percentage voting, SPAN, and XSPAN scored 10, 16, 18, and 17 
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correct answers respectively. XSPAN. SPAN and percentage voting are all better than 

plurality voting (p<O.005 for XSPAN. p<O.002 for SPAN, p<O.014 for percentage 

voting). There are no significant differences between percentage voting, SPAN, and 

XSPAN. 

Thus, there is only partial support for Ha, SPAN and XSPAN are only better than 

plurality voting, and full support for Hb, that percentage voting is superior to plurality 

voting. 

b) Hypotheses Hc and Hd: Weight Allocated to the Correct Answer 

Figure 7.3. shows the percentage of the total vote exercised by group members, 

that was assigned to the correct answer for each of the methods as a function of group 

expertise. The figure is very similar to Figure 7.2., although perhaps because of the 

lower knowledge, or perhaps because the group members did not know each other as 

well as the one depicted in Figure 7.2., the success of the influence allocation processes 

is slightly attenuated. 

Again, plurality voting assigns weight to the correct solutions directly in 

proportion to the group expertise. The reverse S-shaped curve is that of the percentage 

voting method. With low group expertise, non-expert members tend to equalize their 

percentage allocation, whereas the true experts allocated more to the correct solution. 
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This explains the better performance of percentage voting over plurality voting in groups 

with low expertise. With high expertise, the "hedging" phenomenon again occurred. 

SPAN and XSPAN behaved in a similar fashion. In every case except when no one or 

everyone knows the correct answer, SPAN and XSP AN allocated as much or more 

weight to the correct answer as either of the other methods. In groups with 0 or 5 who 

know the answer, the choice of method is irrelevant to the outcome. In situations of 

minority group expertise, lAP are the techniques that allocate most weight to a correct 

solution. 

Considering all votes except those when there was no knowledge in the group or 

when everyone in the group knew the answer, SPAN and XSPAN behaved similarly. 

They allocated significantly more weight to the correct solution than percentage voting 

(F(1,109)=12.69, p<O.0005) and plurality voting (F(1,109)=9.74, p<O.0023). 

Percentage voting and plurality voting did not allocate weight to the correct solution in 

a significantly different way. In the cases when only a minority of the participants knew 

the answer, SPAN and XSPAN again outperformed percentage voting (F(1,39)=9.55, 

p<O.002) and plurality voting (F(1,39)=12.90, p<O.0005). There was no significant 

difference in the weight outcomes of percentage and plurality voting. Hence, in all cases 

Hypothesis He, that lAP are superior to the traditional methods is supported but 

Hypothesis Hd, that percentage voting is superior to plurality voting in weight allocation 

to the correct solution, is not. 
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In summary, the replication produced similar outcomes to the original work by 

Aguilar (1980). However, there is evidence that factors, such as lower group knowledge 

or lower inter-personal knowledge of group members, can lead to an attenuated effect 

of lAP. 

7.4 STUDY 3: Comparing Allocations in SPAN and RCON 

In section 3.5.2, Exhibit 3.2., the idea of a logical relationship between SPAN 

and RCON was introduced. By inspection. it would seem plausible that the RCON 

matrices P and A should be logically related to the SPAN matrices Q and R. However, 

it is believed that the two methods are psychologically and behaviorally different and, 

consequently, are likely to yield input matrices that are not related in this logical way. 

Assuming the relationship in Exhibit 3.2., however, there can be a very large 

difference in the ultimate vote allocation between the two methods. The difference is 

especially dramatic if one gives votes away without getting them from others, or if one 

gets them without giving them away. In RCON, giving votes away without getting them 

leads to a weight of zero and a complete lack of influence on the decision, no matter how 

much weight one gives to oneself. while getting them without giving them away gives 

one one's own influence plus that of all those who are lfnked to one by a chain of vote 
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giving. On the other hand, the "leaky" property of SPAN ensures that, by voting for 

alternatives, all members are able to exert as much of their original influence as they 

wish on their choices, regardless of how others treat them. Nevertheless, the two 

methods have a great deal in common; both of them tend to give most decision influence 

to those in whom others have confidence and who have confidence in themselves. 
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Figure 7.4. Comparing SPAN and a Logically Equivalent RCON 

A preliminary comparison of RCON with SPAN, by assuming the relationships 

of Exhibit 3.2., was accomplished by computing the logical RCON data from the SPAN 

data in Aguilar's (1980) experiment. Figure 7.4. graphically demonstrates the weight 
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allocated to the correct solution with SPAN as in the original experiment and with RCON 

after the logical transformation of the SPAN data. 

The result was that RCON outperformed SPAN by a small margin, with an 

increase to 47 answers correct instead of 45 and with a slightly higher vote assigned to 

the correct alternative, see figure 7.5. This result is encouraging for RCON except that 

the experiment also suggests that the relationships in Exhibit 3.2. would not hold if the 

judgments were actually being made for an RCON process. In Aguilar's (1980) data and 

in the replication's data there is a substantial difference between the observed 

distributions of relative vote allocations to alternatives in SPAN and the percentages 

given in the percent voting condition, which is very similar to the way one would have 

to make judgments to generate the alternative matrix for RCON. In SPAN, even though 

only a small allocation might be made to alternatives, it was always given to just a single 

one of them. In the percentage vote, the distribution was always to two or more of the 

alternatives. 

Hypothesis 

The difference in the distributions suggests that there may be a behavioral or 

psychological difference between SPAN and RCON. It is hypothesized that RCON will 

tend to elicit somewhat general evaluative judgments while SPAN will tend to elicit 

judgments specifically intended to enable the group to put the largest vote on the correct 
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alternative (although the best strategy for doing that is not clear and might not be 

followed). 

Procedure 

As a preliminary test of the hypothesis that there is a behavioral or psychological 

difference between SPAN and RCON, the following experiment, study 3, was conducted. 

Subjects, already acquainted with the SPAN and RCON methods, were each asked to 

name 4 specific friends who would make a suitable team for helping them to win on a 

TV game show with heterogeneous questions. They were then presented with a series 

of 20 questions of the game show type, having 5-alternative multiple-choice answers. 

See Appendix A for the task materials. 

Participants allocated influence according to each voting method on the 

assumption that a group answer would be determined by the subject together with his 

friends using that method. The friends were not present and did not take part, hence 

there was no actual decision outcome for the "group." Following allocation for the 20 

questions, the subjects were presented with the same questions again and allocated using 

the other method. Half the subjects, at random, began with SPAN and half with RCON. 

For each subject the allocation with the two methods would be compared for each 

question. 
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Analysis 

Paired t-tests at cx=0.05 level were used to compare the distributions to oneself 

and to the alternatives for each person, in SPAN and RCON. The normal approximation 

to the binomial was then used to compare the proportions of participants acting in one 

way or the other as depicted by the results obtained in t-tests. 

Findings 

The allocation to oneself was greater with SPAN than with RCON, i.e., the sum 

of the vote to alternatives in SPAN was significantly more than the allocation to oneself 

in RCON. Using two-sided paired t-tests, v= 19, cx=0.05, it was found that out of 41 

subjects, 36 gave significantly more weight with SPAN, 5 gave more, but not 

significantly more, and only 1 gave more weight, but not significantly more, with 

RCON. Order of use of the method had no effect. Using the normal approximation to 

the binomial, these proportions are significantly different (p < 0.0001). 

The relative distribution of allocation over alternatives was also significantly 

different between the two methods (a set of 41 two-sided paired t-tests on the sums of 

squares of the normalized allocations, v= 19, cx=0.05). The sum of squares of the 

normalized SPAN allocations to alternatives was significantly greater for 31 of 41 

subjects than the sum of squares of the RCON weights for alternatives. The proportion 

is also significantly different (p < 0.0001). The difference is accounted for by the 
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distributions being more peaked for the SPAN allocation. The alternative with the most 

weight in RCON tends to get more with SPAN and the one with the least tends to get 

less. A set of t-tests comparing the amount given the alternative that got the most with 

RCON with the normalized amount given the same alternative in SPAN showed this for 

all 31 cases with the more peaked distributions plus four more instances (a set of 41 

one-sided t-tests, /1=19, a=0.05). The proportion is again significantly different 

(p < 0.0001). 

A comparison of the sums of squares of the normalized weights allocated to the 

other "members", i.e., not including the subject, in the two methods shows no significant 

difference for most of the subjects. We conclude that the two methods do not differ in 

their relative distribution of allocation over members of the group, except in giving more 

weight to oneself with SPAN, which, by its mathematical structure, already tends to give 

greater emphasis to the weight a member accords him or herself. 

The two methods, SPAN and RCON, appear to induce different allocative 

dispositions, but which disposition coupled with its method is more effective in selecting 

correct alternatives or is better in other tasks for which voting is common, is an 

unresolved question. 
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7.5 STUDY 4: SPAN vs RCON 

The findings of study 3 dictated that a comparison of SPAN and RCON be carried 

out. Many reasons can lead one to believe that RCON and SPAN will produce different 

outcomes. First, when given the same inputs the two processes may produce different 

outputs because they do not execute similar algorithms. This was tested in study 3 with 

the creation of a logically equivalent RCON input matrix from a SPAN input matrix, and 

the processing of it by the RCON algorithm. Second, participants allocated to each 

process in different ways. SPAN allocations were shown to be significantly different that 

RCON allocations for many characteristics. Study 4 was conducted to compare the 

outcomes of SPAN and RCON. 

Procedure 

The identical procedure as in study 2 was followed. The group was made up of 

5 participants well acquainted with each others' strengths and weaknesses. A group 

orientation meeting was held prior to the experiment to review each persons' knowledge 

and to acquaint participants with the voting techniques, which included percentage voting, 

SPAN and RCON. The experimenter also used this pre-session meeting to define 

knowledge domains for the preparation of questions. 30 questions were produced. 
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Hypotheses 

The hypothesis tested in study 4 is that RCON and SPAN will produce outcomes 

of similar quality. The criteria for evaluation of decision quality are based on 

correctness of choice and weight allocated to the correct alternative. 

Analysis 

The normal approximation to the binomial was used to compare the proportions 

of correct answers between the techniques. F-tests were used in a pairwise comparison 

of the total weight assigned to the correct answer between the techniques. Probability 

levels reported in this investigation above the 0.05 level are assumed to be 

nonsignificant. 

Findings 

Of the 30 questions, 4 did not receive a correct answer by any of the participants, 

22 received correct answers by a minority of the participants (1 or 2 people), and 4 

questions received correct answers by a majority of the participants, including 1 question 

that received a correct answer by all participants. The overall knowledge in study 4's 

group was 31 % (47 correct answers in 150 opportunities). 
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a) Hypotheses Concerning Proportions of Correct Answers 

The proportions of correct answers were 20/30 for percentage voting, 20/30 for 

RCON, and 22/30 for SPAN. The difference between the proportions is not significant. 

b) Hypotheses Concerning Weight Allocated to the Correct Answer 

Considering all votes except those when there was no knowledge in the group or 

when everyone in the group knew the answer, RCON and SPAN did not produce 

different outcomes. However, they both allocated significantly more weight to the 

correct solution than percentage voting (F(1 ,50) =22.69, p < 0.0001). 

Three replications of study 4, covering 120 questions, were concluded with the 

same general result. However, on specific questions, there have been major differences 

between the processes. For example, in situations when participants felt that they were 

the best person in the group to decide, it was not uncommon to see "respect" vectors in 

RCON where all other members received a weight of zero. Assigning zero weight to 

everyone when they assign back positive weight will lead to a convergence toward the 

position of the original person assigning zero weight. The distribution of that person 

becomes the distribution for the group. This situation of "putting all your eggs in the 

same basket" is harmful to the group if the self-professed expert is, in fact, wrong. 

SPAN does not have such a radical process. Everyone can keep as much of the original 
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allocation of weight as they want but cannot "take away" votes from others. With the 

exception of these situations, SPAN and RCON produced very similar results in 

experimental groups. 

7.6 STUDY 5: Comparing lAP Software to Established Systems 

Study 5 undertook the task of answering the question "Can lAP be implemented 

so as to be acceptable in a group support system?" This capstone experiment ended a 

series of formal evaluations in which undergraduate students at the University of Arizona 

and at Concordia University in Canada tested the software for bugs and deficiencies, and 

in which Ph.D. students participating in Dr. Bayard Wynne's Decision Analysis seminar 

at Indiana University used and reviewed the software, the human-computer interfaces, 

and the lAP concept. lAP tools were deemed functional once they operated 

synchronously with multiple users in an EMS environment and responded with minimal 

delay and with correct analyses of the inputs. Once errors had been corrected and 

interfaces improved to the satisfaction of the Indiana University Decision Analysis 

students, the software prototypes became functional. However, to be considered 

implemented, all lAP tools had to be evaluated by potential users. This was the goal of 

Study 5. 
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Procedure 

Five groups ranging from 3 to 6 members each, and totalling twenty-two people, 

participated in the formal implementation evaluation of the lAP tools. Many participants 

were students from an undergraduate MIS honors class and others were staff members 

from different entities from around the campus at the University of Arizona. Each group 

was asked to discuss, in a face-to-face manner, an issue of burning interest on campus, 

and generate a set of alternative solutions in the form of action statements. The task 

required no special knowledge and had no single correct answer. The groups were then 

asked to decide upon one of the proposed alternatives to represent the group opinion. 

At the group opinion aggregation stage, participants were introduced to four 

distinct voting tools, SPAN, XSPAN, RCON, and Allocation. The first three are lAP 

tools and the latter is a Ventana Corporation percentage voting tool. The voting 

processes were used sequentially and the order in which they were used was different for 

all the five groups. At the conclusion of a vote process, the participants were asked to 

evaluate the tool they had just used. This task was repeated four times, once for each 

voting process. The voting results were only released after the four iterations had taken 

place, and are of no consequence to this research. 
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Method 

A twenty-four question software evaluation survey adapted from Chin. Diehl. and 

Norman (1988) was used to compare the lAP tools to a typical GSS voting tool. The 

survey instrument can be found in Appendix C. The rationale in this study is that if lAP 

tools compare favorably to an implemented and mature voting tool, namely 

GroupSystems™'s Allocation tool. on factors that include visual interface, terminology 

and system information. learning capabilities. general system capabilities, and overall 

impression. then the prototype is acceptable. The post-vote questionnaire data were 

analyzed with a general linear model to determine if there were any effects due to voting 

process. 

Hypothesis 

Because the mature tool does not have any noticeable deficiencies, it will be 

difficult for any new voting tool to outperform it on the above criteria. However. it is 

expected that each new lAP software tool would be evaluated as equivalent to a mature 

voting tool. Hence, the hypothesis is that there is no difference in the voters perception 

of the performance between the various voting tools. 

Findings 

There were no statistically significant differences due to voting process in any of 

the twenty-four items surveyed. There was no order of treatment effect. and there was 
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no group effect. Hence. it can be concluded that. in the eyes of potential users of the 

lAP systems, the software is equivalent in quality and performance to a mature software 

already in widespread use. This conclusion in hand, further experiments on lAP were 

conducted using the software tools in an EMS facility. 

7.7 STUDY 6: Use of Knowledge Measures 

An extension to SPAN was proposed by Ferrell (1992). In it, the votes allocated 

to other participants can be designated for specific use by the original holder. An 

extension to SPAN is worthwhile only if group members can make use of the method's 

potential capacity to articulate their knowledge of the differences between member 

knowledge of others and member knowledge of the alternatives. Extended SPAN will 

be more effective than SPAN if it induces a significantly larger proportion of votes to 

the correct alternative. However, the effectiveness of its option to designate the use of 

votes given to others can be judged by whether a larger fraction of the indirect vote is 

then allocated to the correct alternative than with SPAN. 

Procedure 

To study the aggregation methods, a group of 5 casual acquaintances met on two 

occasions. The first meeting, in the form of a structured group interview, served to 
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exchange information about the different personal knowledge within the group and to 

define the boundaries of questioning for the second meeting. The participants were 

encouraged to take notes about each others' knowledge and to get to know each other 

better before the next meeting. The meeting was facilitated by a trained process 

facilitator who also instructed the participants in the usage of two influence allocation 

processes: SPAN and extended SPAN. 

Between the meetings (separated by 5 days), the facilitator created a set of 30 

single-answer multiple-choice questions representative of the knowledge within the group. 

Since it was again of particular interest to study situations where only a minority of the 

group members had the appropriate knowledge, the questions reflected this demand and 

were typically difficult for the majority of group members. At the second meeting, the 

participants considered the questions and used percentage voting, SPAN, and extended 

SPAN in sequence to achieve a group consensus decision on each question. 

Hypotheses 

To compare how the methodologies use the available knowledge within a group 

the set of measures of individual performance defined in sections 5.4.3.1 and 5.4.3.2 

were computed. From these measures and the outcomes of the voting processes, the 

following hypotheses can be tested: 



Ha: There is no difference in the proportion of correct answers for a 
group that uses SPAN or XSPAN to solve appropriate problems. 

Hb: There is no difference in the weights allocated to correct solutions 
between SPAN and XSPAN in appropriate problems. 

Hc: There is no difference in the proportion of direct votes to the 
correct alternatives between SPAN and XSPAN in appropriate 
problems. 

Hd: There is no difference in the proportion of indirect votes to the 
correct alternatives between SPAN and XSPAN in appropriate 
problems. 

Findings 
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Of the 30 original questions considered, 8 were discarded because no one in the 

group obtained the correct answer. Hence, 22 questions were kept. These included 17 

questions having only 1 person with the answer and 5 questions with 2 or 3 people 

having the answer. 

The proportions of correct answers were 19/22, 20/22, and 20/22 respectively for 

Percentage, SPAN, and extended SPAN voting. Although the proportions are not 

significantly different, there are differences once the weight each method allocated to the 

correct solution is considered. 

SPAN and extended SPAN allocated more weight than percentage voting 

(F(1,42) =45.35, p<O.OOI for SPAN; F(1,42)=38.79" p<O.OOI for XSPAN). To 
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compare the weights of SPAN and extended SPAN, only the situations when the vote 

designation feature of XSPAN was actually used by the participants were compared. A 

10% "usage threshold" (10% of the vote was designated) was chosen to depict a 

thoughtful use of the designated indirect votes. Of the 22 questions, 14 had over 10% 

of their allocations directed towards designated indirect votes. In such situations when 

extended SPAN was used in earnest by the members it was found to be more effective 

at allocating weight to the correct solution than SPAN (F(l ,26) =54.14, p < 0.0001). 

To examine this finding, the 14 XSPAN matrices were reconstituted into SPAN 

matrices giving a new SPAN. The new SPAN was compared with the old SPAN using 

two-sided t-tests. This test was conducted to detect a similar effect to that observed in 

value trees where allocations are different because more weight is allocated to more 

elaborate areas of the trees (Weber, Eisenfuhr, and von Winterfeldt, 1987). In extended 

SPAN, there are three times more opportunities to allocate indirect votes than in SPAN. 

It was found that the new SPAN formed from XSPAN still outperformed the old SPAN 

(t=1.95 > t,,=1.78), which suggests that the improvement is not due to a simple 

increase in correct indirect allocations. 

The 12 personal performance measures of section 5.4.2 were then compared for 

individuals allocating more than 10% of their votes to designated indirect votes. In the 

88 personal vote vectors (1 vector per person for each question), 21 vectors had more 
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than a 10% commitment to designated votes. Due to its potential capacity to better 

articulate knowledge in the group and the previous finding, it was fully expected that 

extended SPAN would outperform SPAN on its usage of the information. 

Using a one sided t-test (a=0.05, df=20, t= 1.72) it was found that extended 

SPAN had a significant advantage over SPAN for member i's relative indirect allocation 

to cOl'fect alternative (denoted EI; t(EI)=1.80> 1.72), member i's indirect allocation to 

others that is then allocated directly to the correct alternative (denoted AKC; 

t(AKC) = 1. 96> 1. 72), member i's total indirect allocation to others that then allocate 

directly to any alternative (denoted AK; t(AK) = 1.91> 1. 72), and member i's relative 

indirect allocation to others that then allocate directly to the correct alternative (denoted 

EK; t(EK) =2.41 > 1.72). Hence the superiority of XSPAN in weighting the correct 

alternative is due largely to an increase in the proportion of votes given to others. 

7.8 STUDY 7: Effect of Group Size on lAP Performance 

In study 2, evidence was presented that the effect of lAP may be somewhat 

attenuated in groups by factors such as lower overall expertise or lower inter-personal 

knowledge within the group. In chapter 5, it was suggested that larger group sizes lead 

to higher levels of entropy (a measure of the degree of'disorder within a system) and 
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potential diminished returns in traditional GSS voting processes. In voting processes, 

group entropy is increased as more individuals are added to a decision group. Each 

added member causes an increase in the complexity of the voting process because of the 

new possible voting patterns for the group. There are even more potential patterns in 

influence allocation processes that permit allocations to alternatives and to other 

members. Group entropy may be a significant factor when the individuals selected to 

participate in a group vote have only marginal knowledge about the issue being decided 

upon. When members with no real opinion take part in a vote, their votes may influence 

the group outcome in a negative way if they choose to allocate to an incorrect alternative 

(an unsuccessful guess) instead of indicating complete uncertainty by giving equal votes 

to all alternatives. In groups with high entropy, there is a higher probability that features 

designed to improve the voting process may, through misuse, actually worsen its 

effectiveness. However, if individuals with low degrees of knowledge allocate their 

weight to others with expertise within a group, which is feasible with lAP, there might 

be benefits in using lAP in larger groups. 

The goal of study 7 was to examine lAP performance in groups with very low 

average knowledge, a situation that occurs in medium to large size groups when only one 

or two members know the answer. 
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Procedure 

In study 7, the usual procedure was slightly modified to better represent a real 

group. First, the experiment was conducted using a larger group of 12 participants, all 

from the same undergraduate honors MIS class. Second, the group was randomly 

separated into two sub-groups. Due to scheduling constraints one group had 5 

participants and the second had 7 participants. Each subgroup participated in its own 

group orientation meeting. The information exchanged at the orientation meeting within 

one subgroup was not shared with the members of the other subgroup. Third, the whole 

group would then be reconstituted to answer a set of 20 factual questions. 

This procedure was implemented to exploit three levels of knowledge within the 

group. Each member knows whether he knows the answer (or a probability of knowing 

the answer). Each member might also know a member of his subgroup that might know 

the answer. Also, each member might know that the expertise required to answer the 

question is not within his subgroup, but may be in the other subgroup. These three 

levels of knowledge can be exploited in lAP but not in traditional GSS voting processes. 

Voting Methods 

Four methods of aggregating the individual opinions were used, plurality voting, 

percentage voting, SPAN, and Extended SPAN. For each method there was a different 
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response form. The subjects were given 100 votes for each question and asked to 

allocate them according to the same techniques described earlier. 

Hypotheses 

Two sets of hypotheses were tested in Study 7. The first set is identical to 

previous studies - a comparison between voting processes. The second dealt with a 

comparison within voting process, whether a given voting process will produce similar 

outcomes for groups of different sizes. The results obtained within study 7 are compared 

to the results obtained in study 2 by a much smaller group of 5 individuals. Again, the 

criteria for evaluation are correctness of choice and weight allocated to the correct 

alternative. 

Analysis 

The normal approximation to the binomial was used to compare the proportions 

of correct answers between the techniques and within same techniques for groups of 

different sizes. F-tests were used in a series of pairwise comparisons of the total weight 

assigned to the correct answer between the techniques and within same techniques for 

groups of different sizes. Probability levels reported in this investigation above the 0.05 

level are assumed to be nonsignificant. 
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Findings 

Of the 20 questions, 2 did not receive a correct answer by any of the participants, 

13 received correct answers by a minority of the participants (1 to 4 people), and 5 

questions received correct answers by a majority of the participants. The best question 

for the group received 7 correct answers. The overall knowledge in the group was only 

27% (65 correct answers in 240 opportunities), retlecting the relative scarcity of 

knowledge in a larger group. 

a) Hypotheses Concerning Proportions of Correct Answers 

The proportions of correct answers were 6/20 for plurality voting, 10/20 for 

percentage voting, 18/20 for SPAN, and 18/20 for XSPAN. Using the normal 

approximation to the binomial, SPAN and XSPAN are significantly better than plurality 

voting (p < 0.001), and significantly better than percentage voting (p < 0.001). 

Percentage voting is also better than, but not significantly better, than plurality voting 

(p<O.lO). 

b) Hypotheses Concerning Weight Allocated to the Correct Answer 

Considering all questions except those when there was no knowledge in the group, 

SPAN and XSPAN behaved similarly. There was no significant difference in the 

magnitude of the weight allocated to the correct alternative. However, on 16 questions 

XSPAN did allocate more weight to the correct alternative, on 2 questions SPAN did 
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better, and 2 questions were tied. A test of the difference in this 16/20 vs. 2/20 

proportion indicates a significant difference in favor of XSPAN (p<O.OOI). SPAN and 

XSPAN allocated significantly more weight to the correct solution than percentage voting 

(F(1,18)=42.69, p<O.OOOl) and plurality voting (F(I,18)=59.74, p<O.OOOl). 

Percentage voting also outperformed plurality voting (F(1, 18) = 10.52, P < 0.002). 

c) Hypothesis Concerning lAP Use in Larger Groups 

Scores for correct answers in plurality voting and percentage voting have 

fluctuated for the different experimental groups in proportion to the general knowledge 

within the group. In Aguilar's (1980) group that had a knowledge factor of 50.5%, 

plurality voting score 62 % and percentage voting scored 68 % . In study 2, with a group 

of 5 people and knowledge factor of 40.5%, plurality voting scored 36% and percentage 

voting scored 49.3%. In the current group of 12 with a knowledge factor of 27%, 

plurality voting scored 30% and percentage voting scored 50%. However, in lAP it is 

not the relative knowledge within the group by itself that determines the success of the 

outcomes. For example, in the latter group, lAP scored 90% correct answers. Rather, 

it is the availability of the knowledge within the group (at any level) and the desire and 

success of members to allocate weight to the true expert that determines lAP outcome. 

Knowledge of others' knowledge and knowledge of who knows the group is very 

important. 
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Hence, lAP are once again shown to be superior to the traditional methods and 

percentage voting is shown to be superior to plurality voting, in weight allocation to the 

correct solution. 

7.9 Discussion and Conclusions 

It is concluded that influence allocation processes can outperform conventional 

voting methods for the task of selecting correct answers to objective questions, by 

making use of the knowledge group members have about each other. It is also concluded 

that the extended version of SPAN can make a more effective use of participants' 

knowledge and, in appropriate groups and situations, this factor will lead to better 

outcomes. It can also be concluded that in experimental groups, with no specific training 

on how to translate knowledge into voting patterns, differences between lAP outcomes 

are very small. 

However, so little research on influence allocation processes has been done that 

there is no guidance concerning which methods are best for which tasks or which types 

of groups. Moreover, there is no guidance concerning the allocation strategies that are 

most effective with any method. For example, should one allocate influence to all those 

members one thinks may have the right answer or only to the member most likely to 
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have it? Is it good practice to allocate to all alternatives in proportion to one's belief in 

their correctness, or only to one, or perhaps to all excepting the least likely?, etc. More 

extensive research on lAP, through simulation and more empirical testing, are needed 

to determine how best to use influence allocation processes and to clarify the tasks for 

which they are suited and their reliability and effectiveness. 

Because of their Markov chain structure, SPAN and RCON and their extended 

versions offer a new microscope for GSS research. lAP provide a variety of easily 

computed measures of voting power and effectiveness, and of relationships within the 

group that are revealed by the allocations. For example, for SPAN and XSPAN one can 

compute the proportion of the votes applied by member j that came from member i, 

directly or else indirectly, or the votes that member i applied to the correct alternative 

that came from other members. For SPAN and for XSPAN one can determine the 

effective allocation from any member to any other member. For RCON one can 

compute the effect of individuals within the group process. Measures such as these can 

be used to characterize voting behavior and relate it to properties of the group and its 

structure. For example, one might hypothesize that in a group with high average status, 

the highest status individual wields more indirect voting power than does the highest 

status individual in a group with low average status. This could be tested by comparing 

the total voting power minus the directly exercised voting power for each member. The 

fact that both group structural relationships, such as statUs, and also influence allocation 
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processes can be represented by graphs, offers potential ways to relate the two. One can 

compare the flow of allocation with the arcs of the status graph, or the structural 

properties of the two graphs can be directly compared to examine the extent to which 

even anonymous voting follows the links of status. 

The increasing use of computer networking in support of tasks that benefit from 

collaboration among individuals with different essential skills and knowledge provides 

a wide range of applications for influence allocation processes in addition to GDSS. 

Many networked groups make a series of decisions that culminate in the final outcome 

so that even small improvements in performance may have substantial impact on over-all 

quality through their cumulative effect. This could be expected to be the case with, for 

example, concurrent engineering, quality function deployment, medical diagnosis and 

treatment (Gilmartin. 1973, 1974) and perhaps even in coordination processes, generally, 

since they charactistically require group decisions (Malone and Crowston, 1990). The 

very best performance may well be that of a group that comes to a reasoned consensus 

on an issue. But, since there is so frequently no time or adequate informational basis for 

reaching reasoned agreement this way, and since plurality voting or even more arbitrary 

means are so often resorted to, there is a potentially valuable role for influence allocation 

processes in appropriate groups. 
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CHAPTER 8 

ALLOCATION STRATEGIES WITH COMPUTER SIMULATION 

8.1 Introduction 

This chapter describes simulation of the behavior of participants in a decision 

group as they translate knowledge into voting patterns. The objective is the development 

of good strategies for the allocation of influence to alternatives and to others in lAP 

environments. 

The problem of strategy is complex. For example, should one allocate influence 

to all those members one thinks may have the right answer or only to the member most 

likely to have it? Should allocation only be to those one perceives as having a higher 

probability than oneself of being correct, or should one allocate to other likely prospects 

just to hedge one's own choice? Is it good practice to allocate to all alternatives in 

proportion to one's belief in their correctness, or only to one, or perhaps to all excepting 

the least likely? etc., etc. 

The difficulty of questions like these makes it immediately clear that effective 

strategies are not likely to be easily discovered through infrequent voting by real users, 

even if excellent feedback is provided. However, if the 'voting process is simulated on 



190 

a computer, the effects of various voting policies can be observed in a systematic and 

controlled way. Abelson (1968) defines simulation as " ... the exercise of flexible 

imitation of processes and outcomes for the purpose of clarifying or explaining an 

underlying mechanism." [po 275] In the study of influence allocation processes, 

simulation permits controlled experimentation while varying a number of factors and with 

ability to consider alternative policies. It may provide operational insights about how 

participant voting behavior can improve group outcomes. 

In this chapter, a computer representation of an individual translating knowledge 

into a vote is developed. The representation governs the interaction between knowledge, 

voting method, and strategy. Knowledge refers to what participants know about the issue 

being decided upon and about the group itself. The voting method refers to how a 

participant can translate knowledge into an evaluation. In many cases, as explained in 

Chapter 3 - Processes for the Aggregation of Individual Opinions, the voting method can 

hinder the full translation of knowledge into action and often results in lost opportunities 

for the group. Strategy refers to methods used by voters to best translate their 

knowledge into voting patterns. Each voting method delineates a different strategy 

"space. " Simple voting mechanisms, like percentage or plurality voting, require 

evaluations of alternatives only. For these methods, a participant must resolve whether 

votes should be spread over many alternatives or focused on the best ones. lAP require 

evaluations of alternatives and participants. In this larger strategy space, the participant 
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must resolve the spread over alternatives and participants, and then resolve which of 

these two evaluations should be emphasized to best represent his knowledge. This 

chapter endeavors to test many examples of how to translate knowledge into votes, thus 

testing strategy. For example, is it better practice to allocate to all alternatives in 

proportion to one's belief in their correctness and/or to all other members in proportion 

to one's perception of their competence, or is it preferable to concentrate allocations to 

top prospects only, or is the best policy somewhere in between? 

To achieve this computer representation, mechanisms that define knowledge and 

translate it into voting patterns that follow assigned strategies must be developed. The 

repeated outcome measures, for each strategy, will indicate the success (or lack) of the 

assigned strategy. This process is the essence of the simulation study described here. 

The first section concentrates on the model used to describe and quantify each 

simulated participants' knowledge (denoted Ie in this chapter). This model is then used, 

manipulating strategy, to simulate the allocation of votes for plurality and percentage 

voting. Successful strategies in conventional techniques are baseline measures for lAP 

studies and may also indicate paths to follow with lAP. The following section 

complements the knowledge model with a representation of each participants' knowledge 

of other participants' knowledge (denoted J(2). A third level of knowledge may also be 

added to the model, J2 which represents participants' knowledge of other participants' 
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knowledge of others' knowledge of alternatives. Theoretically, there may exist 

knowledge at the k", f<:5, .. , kll levels but, for practical purposes, 12 is assumed to exhaust 

the indirect knowledge. Only influence allocation processes can take advantage of these 

higher dimensions of knowledge. Voting strategies that use k and fil are tested for 

RCON and SPAN. It will be shown that the strategy space, how a participant can 

translate knowledge into a voting pattern, is vastly different between RCON and SPAN. 

The challenge of simulating a real-life process is to build a model that faithfully 

represents its mechanisms. The basic process represented in this chapter is that of a five 

member group of people with differing competence considering a five-alternative 

multiple-choice question having only one correct answer. It was felt that this number of 

participants and alternatives is large enough to show effects of strategies but small 

enough to be tractable in terms of computation time. 

8.2 A Model of Knowledge about Alternatives 

The simulated group's task is an n-alternative forced-choice (n-AFC) task. Such 

a task is frequently modeled in signal detection theory (SDT) by a process in which n 

observations are made, n-J from a noise distribution with zero mean, and one from a 

signal distribution with a higher mean, d'. Figure 8.1. shows, in a graphical way, how 

the model is operationalized. The signal represents' the stimulus received when 
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considering the correct alternative. The noise represents the various stimuli received 

when considering all other alternatives. The optimal decision process is to choose the 

largest of the five observations as the one coming from the signal distribution. This 

model was used for the simulation and provided the basis for knowledge about 

alternatives. Each simulated group member i sampled once from a unit normal 

distribution with zero mean for each of the n-J incorrect alternatives and from a unit 

normal distribution with mean d'; for the correct alternative. 

To simulate a group with people of differing knowledge about each question, each 

member of the group was assigned a different d', For each question considered, one 

group member was assigned a d' of 1.2, high knowledge, one other member was 

assigned a d' of 0.2, a low degree of knowledge for that question, three other members, 

each with a d' of 0.6, represented a relatively homogeneous component of the group with 

average knowledge about the issue being considered. 

To represent the fact that individuals' responses are usually correlated, the 

sampling process generated values correlated among the members. The method used was 

Fishman's (1978) multi-variate normal distribution algorithm. [po 465] 
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To give the results some psychological meaning and to make it possible to 

describe voting strategies in ways that may be understood by actual group members, each 

sample value Xj was transformed into the probability that it was correct c, i.e., that it was 

the one that came from the distribution with mean d'. The transformation is defined in 

Formula 8.1: 

(8.1) 

It is derived in Appendix C. The result is that each simulated participant i has 

a probability of correctness Pi} for each alternative j, and these probabilities reflect the 

level of expertise of each participant through the individual value of d', d ';. Groups with 

more expertise have, on average, higher probabilities of correctness for the correct alternatives. 
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Knowledge is now represented in terms of probabilities of being correct. This 

representation offers many advantages. This measure is calibrated such that if a large 

enough sample of knowledge measures indicating a probability of 0.6 were collected 

from a given individual, the proportion of correct solutions would indeed be 60%. Table 

8.1 represents an example matrix generated from this process. A simulated participant 

has indeed selected the correct alternative when the score in the first column is the 

largest for that row. For example, in Table 8.1, members 1 and 5 selected the correct 

solution whereas members 2,3, and 4 all selected answer "e", an erroneous choice. 

Using a strategy that allocates all weight to the highest probability, applying the rules of 

the plurality vote method, the group would select the wrong alternative. However, 

according to the rules of percentage voting, if the participants use a strategy of allocating 

votes according to probabilities, the group would decide that "A" was the correct 

solution, even though only a minority of participants selected "A." 

Using probabilities, each member's vector is normalized to add up to one 

(certainty). This allows easy comparisons between the numbers and can introduce other 

measures such as intensity of belief. For example, note how the signal value for member 

5, 38.37 % probability of being correct, is 11.17 % higher than the strongest noise 

stimulus. This difference could be interpreted, when using this probability 

representation, as a secondary measure of confidence of having the correct solution. 
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ANSWERS ... A D c D E 

~ PI P2 Pl P'I Ps 

Member I 0.2998 0.1342 0.2076 0.1242 0.2342 

Member 2 0.2355 0.1064 0.3425 0.1769 0.1387 

Member 3 0.2196 0.2091 0.3910 0.0859 0.0944 

Member 4 0.2968 0.1121 0.3689 0.0484 0.1737 

Member 5 0.3837 0.2720 0.1007 0.2007 0.0430 

Table 8.1 Example of the Knowledge Matrix of Probabilities 

This assumed member knowledge can be used by voting strategies that use k only. 

Typical GSS voting processes only enable the use of k. With assumptions about the 

mapping of "subjective" probabilities to votes, plurality voting, sum of ranks, and 

percentage voting can all be simulated and results investigated by generating and 

processing a large enough sample of these knowledge matrices. 

8.3 Simulating Typical GSS Voting Processes 

Mapping knowledge k into a voting pattern is strategy. For some voting methods 

the set of possible strategies for the translation of k is very limited. In plurality voting, 
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the only sensible strategy that follows the guidelines of the voting method is to assign the 

whole weight to the alternative with the highest probability. The group's votes are then 

tabulated and a decision is made according to the accepted criteria. An alternate strategy 

could be to assign the weight to the second highest probability but this would result in 

less than optimal results. In other processes, such as percentage voting (" Allocation" in 

GroupSystems V), there are more plausible strategies a member can use to translate k into 

a vote. Its set of strategies can be described conceptually as a continuum between 

allocating equal weights to all alternatives to allocating all weight to the top probability 

option. Better strategies are defined as ones that will lead to higher proportions of correct 

answers in problems with known answers. Figure 8.2. shows one way to represent the 

strategy space of typical GSS voting methods. Although it does not allow a unique point 

for every strategy, it captures an essential aspect of the vote allocation decision, spread 

of the distribution. 

~ 
Equal Weight 

On All Alternatives 

One-dimensional Strategy Space 

Figure 8.2. Voting Strategy Space of Typical GSS Tools 

I~ 
All Weight On 

One Alternative 
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8.3.1 A One-Dimensional Strategy Space 

At one extreme of the one-dimensional space votes are assigned with maximum 

spread whereas at the other extreme votes are concentrated on one alternative. Both 

strategies appear to have value. A voter who does not lmow the answer does not affect 

the group outcome if his weight is spread equally, but when a member does lmow, that 

would hinder the group from reaching its potential. Concentrating weight is very 

advantageous for the group when the voter genuinely knows the answer but is very 

damaging when a voter chooses the incorrect response. Between these two extremes lie 

a large combination of voting strategies that can be investigated. For example, in chapter 

7, lAP in experimental groups, it was mentionned that people often "hedge" in voting 

situations. Is the natural use of "hedging" useful? In summary, what strategies lead to 

better outcomes when voting in a group, using typical GSS voting tools? The next 

section discusses the simulation of various strategies and the results. 

8.3.2 Simulating Plurality and Percentage Voting 

For each voting process and strategy, 5000 group decisions were simulated by 20 

blocks of 250 group decisions each. The same set of 5000 lmowledge matrices was used 

for each combination of voting method and strategy to allow paired comparisons between 

the methods. For each of the 20 blocks, a point estimate ofthe proportion of answers that 
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were correct was calculated. With twenty estimates. post hoc power tests showed that 

power between 90% and 95% was attained to detect differences of 2% of the proportion. 

with a. = 0.05, in this task (Cohen, 1988). A statistical power of 80% is generally 

regarded as sufficient (Cook and Campbell, 1979). 

Vote according to probabilities 0.515 0.024 

Vote according to (probabilities)2 0.515 0.023 

Vote according to (probabilities)I/2 0.541 0.044 

Plurality Voting (all on top probability) 0.469 0.052 

Vote according to top two (90-10 split) 0.515 0.049 

Vote according to top two (60-40 split) 0.515 0.050 

Vote according to top two (50-50 split) 0.534 0.050 

Vote according to top three (33% each) 0.529 0.049 

Table 8.2. Simulation Results for Plurality and Percentage Voting 
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Three main categories of strategy can be defined for allocating to alternatives in 

percentage voting: 1) vote on highest rated alternative only, 2) vote on top n alternatives 

using an arbitrary mix of weights, e.g., 0.6,0.4 on the top two alternatives, and 3) vote 

on alternatives in proportion to "subjective" probabilities. These strategies were simulated 

and Table 8.2. summarizes the findings. 

The initial strategy attempted allocated votes in proportion to the probabilities. 

Voting according to probabilities is equivalent to averaging the probabilities across the 

group and averaging is a very robust strategy (Ng and Abramson, 1992). Two further 

strategies were tried. The first, voting in proportion to the square of the probabilities, 

emphasized the differences between the probabilities resulting in a more concentrated 

voting pattern. The other, voting in proportion to the square root of the probabilities, de

emphasized the differences between the probabilities resulting in a more uniform spread 

of the votes. Emphasizing the differences did not improve the outcomes but de

emphasizing did. Following this result, it was attempted to vote with uniform spread 

dropping the worst, the two worst, and the three worst alternatives for each member 

(alternatives with the lowest probabilities) and normalizing the remaining weights. 
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These strategies all attained similar results, roughly equivalent to that of allocating 

votes in proportion to probabilities, except in the case allocating only to the top two 

alternatives. A better outcome was recorded when everyone in the group voted equally 

on their top two solutions. 

It was then attempted to allocate to the top two alternatives using different weight 

proportions between the two. For example, using 9011 0, 80/20, and 60/40 allocations to 

the top two alternatives. All these attempts led to results equivalent to voting according 

to probabilities except for the most extreme case, that of putting all the weight on the top 

alternative for each member (i.e. plurality voting), which led to very poor results. Hence, 

"hedging" does improve the groups' outcomes. Its use eliminates the potential of falling 

into the worse strategy. The robustness of voting equally on the top two alternatives 

strategy was then tested by varying the size of the group and the number of alternatives. 

The strategy was found to be the best, recording a 59% proportion of correct 

answers, for a group with members all having a d' = 0.6. For the same group of five, 

the "top two" was the best strategy when the group considered 3, 4, 5, and 6 alternatives, 

though 6 marginally. In situations with more than 6 alternatives. the strategy did not 

perform well. In situations where groups are considering 3,4,5, and 6 alternatives. the top 

two strategy is very robust only when the groups have at least 4 members. However. as 

discovered later, the "top two" strategy may just have beell an artifact of a specific group 
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size, number of alternatives, and knowledge mix combination. In the simulated group with 

members having different knowledge, the top two strategy was much less successful 

(53%) and equivalent to many other strategies. 
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Figure 8.3. Proportion of Correct Solutions using One-Dimensional Strategies 

Figure 8.3 reports the proportion of correct answers attained in groups with 

members having different knowledge, in a one-dimensional strategy space. Extreme 

strategies are not recommended. Concentrating on one answer leads to sub-optimal 

results. Furthermore, spreading votes equally does not lead a group to decision. It is 

"hedging" (at different levels) that leads to the best results. For example, voting equal 

weights on the top two alternatives is a significantly better strategy (F=9.41, p<0.006) 

than voting exclusively on the top solution. Strategies that exclude the worst 

alternative(s) without concentrating on a top answer all seem to perform equally well. 
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In summary, a n-AFC SDT model to generate knowledge values for members of 

a group considering 11 alternatives and voting according to strategies that make use of 

knowledge represented by the derived probabilities was used to generate values 

representing how a group would decide given specific strategies. The purpose of 

generating point estimates for strategies in voting methods limited to a one-dimensional 

strategy space was to provide a baseline for the simulation approach defined in this 

chapter. This baseline will become useful for comparison purposes when incorporating 

strategies from two-dimensional strategy spaces. those used in lAP. 

8.4 Modeling Knowledge about Other Members' Knowledge 

This dissertation deals with the use of the group's knowledge of itselt: fi2 (and 

higher), to improve the outcomes of voting. None of the typical GSS voting processes 

are able to take advantage of this knowledge. People's knowledge of other people's 

knowledge within the group can be of different degrees. from "no" knowledge to "full" 

knowledge of what others know. In the simulation, fi2 is represented by d' values and 

entries within the k matrix for other members that a member is assumed to know. A list 

of some potential fi2 models and associated measures follows: 
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No Knowledge 

A. Absence of knowledge about other people's knowledge. I-Ience no 12 
measure. In this situation, the participant cannot act on better knowledge 
and is limited to a one-dimensional strategy space typical of traditional 
GSS voting methods. 

Ordinal Measurement of Knowledge 

In these examples, 12 is limited to an ordering of the participants within the group. 
Strategies for how to weight participants given this order is another issue and will be 
discussed later. 

B. Knowledge of the order of the d ' for participants. This would order the 
participants according to their general competence. General competence 
is an objective value that represents prior performance by individuals. 
However, the d I value is not known by the participants, only the order 
produced by this measure. In these simulations, there are 3 values of d '. 
Using this ordinal measure. a simulated participant would know who had 
the best d ~ the second best, and so on. However, the participant would 
not know the value of d ' nor the difference between the d's. 

C. Knowledge of the order of the expertise of others. The order of expertise 
is derived from ranking members according to their maximum probability 
for a given question. This order can be different from B. when a member 
with a lower d ' attains the highest score. However, the value of the 
maximum is not known, only the ranking of the members by the measure. 

D. Knowledge of the choice order of others. Again, this is without 
knowledge of the intensity of belief. 

Ratio Measurement of Knowledge 

These measures rank participants and assign a relative intensity to the rankings by 
using a ratio scale. 

E. Knowledge of the general competence of others. Determined by knowing 
others' d' values. A probability value can also be derived and used to 
depict degree of knowledge, i.e., the probability that a given member will 
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have the correct answer. The value of these probabilities are known and 
are a function of the value of d' and the number of alternatives being 
considered. (see Elliott. 1964; Swets and Pickett. 1960); 

F. Knowledge of the intensity of belief for the tirst choice of others. This 
represents a second order measure of confidence for each participant. 

O. Knowledge of the expertise of others on a specific question. Determined 
by knowing the highest probability for each member on each question. In 
groups with a high degree of pre-decision communication it may also be 
known on what alternative this highest probability was attained. 

H. Knowledge of a combination of the above measures. 

I. Knowledge of all the knowledge other people have of alternatives - i.e. the 
entire k matrix .. 

8.4.1 A Multi-Dimensional Strategy Space 

lAP increases the dimensionality of the strategy space. Figure 8.4. shows a two-

dimensional strategy space. The second dimension is needed by lAP since it allows 

independent allocation to members as well as to alternatives. The strategies discussed 

above for typical OSS voting processes are captured by the horizontal axis. Results from 

simulations in this plane has shown that eliminating lesser alternatives and "hedging" ones 

vote seems to improve group outcomes. The vertical axis indicates the strategies that can 

be used to allocate weight to participants in a decision process. Following their 

taxonomy, Lehrer and Wagner might refer to this axis as the re.\pect dimension. Low 

positions, at the level of the horizontal axis, are indicative of equal respect to all 

participants. Participants lIsing this strategy have eliminated the potential lAP 
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contributions and choose to vote according to a one-dimensional strategy space. The 

performance of rAP will, in this case, be identical to traditional GSS voting methods. 

Moving up the vertical axis indicates a progressive focus of the weight to top prospects, 

culminating in a total allocation of weight to a single individual in the group. 
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Figure 8.4. A Two-Dimensional Strategy Space as Used in RCON 
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8.4.2 An Example of a 12 Model 

In real groups 12 comes from behaviors, comments, and social cues, for example 

the confidence with which a participant discusses a problem or from comments like "T 

know this" or "I have a good idea about that." In the simulations reported in this chapter 

12 is generated by making available to all simulated voters the highest k probability 

obtained by every other simulated voters. This is the ratio measure in G. in the list 

above. Table 8.3 shows the maximum probability of correctness "p(c)" for each voter 

from Table 8.2. These probabilities can be used to determine people's decisions about 

how much weight to allocate to others. 

Maximump 

(N ormalized) 

Member 1 0.1679 

Member 2 0.1918 

Member 3 0.2189 

Member 4 0.2066 

Member 5 0.2148 

Table 8.3 Normalized Maximum Probabilities as an Example of iC' 
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There are many ways to model /2. Those presented in this section are derived 

from the above example. However, the specific k? model chosen was of secondary 

concern to the experimenter. Of more importance is how participants use the derived k 

and fi2 to improve their vote patterns. 

Four main categories of strategy can be defined for allocating to other group 

members in lAP voting: I) allocate equal weights to all members, 2) allocate weight to 

all members in proportion to probabilities in the selected Ii'- model, 3) allocate weight to 

the top n members according to selected fi2 model, and 4) allocate all weight to top rated 

member according to the evaluation of the selected fi2 model. 

Figure 8.4. represents four specific two-dimensional voting strategies. For each 

voting strategy, 5000 group decisions were simulated through 20 blocks of 250 group 

decisions each. The same set of 5000 knowledge matrices were used for each strategy 

to allow paired comparisons between the methods. For each of the 20 blocks, a point 

estimate of the proportion of answers that were correct was calculated. The many 

strategies represented in Figure 8.4. are labelled using their proportion correct and their 

standard deviation measures. The area at the intersection of the dashed lines (labelled 

".535(.036)") denotes voting on alternatives according to the probabilities of the k model 

and allocating weight to members according to the above Ii'- model. The point labelled 

".59(.024)" denotes voting on alternatives according to the probabilities of the k model 
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and allocating the totality of weight on the member with the highest probability. The 

point labelled ".59(.017)" denotes voting only on the top alternative according to the 

probabilities of the k model and allocating weight only to the top prospect according to 

the k? model. 

Note that whatever strategy the top member chooses to implement, there is no 

difference in the proportion of correct solutions when that member receives all the votes 

from his colleagues and puts most of them on the top alternatives. Allocating weight to 

the top member appears to be the most important action voters can make. The choice of 

the top member leads to significantly better outcomes for the group. The strategy that 

concentrates the weight on the top member and allocates votes to the top solution is 

significantly better than the strategy that apportions weight to members according to the 

k2 model and votes to alternatives according to their probability of being correct (F=25.9, 

p<0.0007). furthermore, strategies that concentrate weight to the top member 

significantly outperform the best one-dimensional strategy for the same data sets 

(F=7.3429, p<0.01435). Note that a strategy analogous to a two-dimensional "hedging" 

also lead to very respectable results, similar to the best result. It is also peculiar that it 

is very effective for all participants to vote on their top solution as long as most of the 

respect is aimed at top members. Allocating respect to the top member significantly 

improves the performance of strategies that put all votes on a top solution (F=7.10, 

p<0.0157). 
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A third dimension is introduced to the strategy space with the use of SPAN. The 

participant now has the added responsibility of not only evaluating alternatives and 

members within a group, but also evaluating the relative weight to be put on the two 

categories. For example, suppose that a participant assigns weight to alternative A in a 

proportion of two to one over alternative D. Further suppose that no weight is assigned 

to other alternatives. In RCON, this mix would result in an allocation of 66.7% on 

alternative A and 33.3% on alternative D. In SPAN, this would theoretically be the 

largest possible allocation to alternatives if the voter did not allocate any weight to other 

members in the group. However, in SPAN one can keep the same proportion between 

the alternatives and still allocate less weight to the alternatives. For example, alternative 

A could receive two total points and alternative D one. Arguably, the same result can be 

achieved in RCON by modifying one's weight to oneself. However, the essence of the 

third dimension in SPAN is that each participant controls the weight of their own 

influence in the vote to alternatives whereas, in RCON, one cannot eriforce the allocation 

to self. Figure 8.5 presents the three-dimensional strategy space available in the SPAN 

influence allocation process. The horizontal axis represents the relative proportions one 

can assign to alternatives and the vertical axis represents the relative proportions one can 

assign to other members, as before. The third dimension is indicative of the control each 

participant has about allocating influence to himself. An emphasis on alternatives gives 

the participant more influence and an emphasis on the other participants gives the group 

more influence on the outcome. In a three-dimensional representation, the RCON strategy 
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space may be best represented by a "floating slice" of the SPAN strategy space, its exact 

position delineated by a group process that is only indirectly controlled by each 

individual. 
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Figure B.5. A Three-Dimensional Strategy Space as Used in SPAN 

Regarding the mix of allocations between members and alternatives, three general 

strategies can be used: 1) granting equal weight to others and to options, 2) using 
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arbitrary weighting between votes to other members and alternatives, for example 60/40. 

75/25, 80120, and 3) skew the allocating either to others or to alternatives depending on 

which has the highest probability. 

In Figure 8.5., two specific strategies from the original RCON strategy space were 

translated into SPAN strategies in order to evaluate the third dimension. The point 

labelled ".53," roughly in the lower-central area of the strategy space, denotes a group 

using RCON, voting on alternatives according to the probabilities of the k model, and 

allocating weight to members according to the k? model. The point labelled ".57," in the 

upper-central area of the strategy space, denotes a group using RCON, voting on top two 

alternatives according to the probabilities of the k model, and allocating weight to the top 

two members with the highest probability according to k? To test the effect of the third 

dimension. the original RCON allocations were then translated into SPAN allocations, 

keeping the proportions among alternatives and among members consistent with the 

RCON allocations but adjusting the importance of the voter by emphasizing or de-

emphasizing the total weight allocated to alternatives. These SPAN measures appear at 

the bottom-left or at the top-right of either the front or back wall of the strategy space. 

The front wall indicates an emphasis of the weight to members and the back wall 

indicates an emphasis on the alternatives. The evaluations on the two original axes 

remain unchanged. SPAN measures with emphasis on member allocations produced very 

; 

small improvements over their RCON counterparts but these differences were not 
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significant. SPAN measures with emphasis on alternatives produced worse results than 

their RCON counterparts but these differences were. again. not significant. 

The purpose of this section was to demonstrate that RCON and SPAN use 

different strategy spaces. Though the SPAN strategies did not lead to significant 

differences in success ratios over RCON strategies, these simulations did show that 

differences between RCON and SPAN do exist. Chapter seven dealt with real groups and 

the perception and psychological differences in how RCON and SPAN are used by 

groups. It is evident that those behaviors are complex and cannot be simulated using the 

identical strategy for all participants. as was the case in these simulations. To improve 

the simulated SPAN, the strategy space needs to be used distinctively by each participant. 

For example, members confident about knowing the solution should emphasize the 

alternatives, members confident about their knowledge of the group should emphasize 

their allocations to others. Furthermore. members with no knowledge should minimize 

their votes to alternatives and allocate equally to all others within the group. 

8.S lAP in Groups with Dcfincd Sub-groups 

A last simulation experiment dealt with the use of RCON in groups where not all 

participants where known to each other. In absence of d'irect knowledge about all other 
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participants. the indirect allocations become more important. An indirect allocation occurs 

when allocations to person Bare re-allocated by B to person C. Person C may not be 

acquainted with the voter but still may receive weight from him in lAP. This experiment 

tests the robustness of lAP tools when used in groups with defined sub-groups. 

To simulate this situation, the value of K for each member was obtained from the 

inspection of only a subset of the k values made available to all participants in previous 

simulations. Specifically, members 1 and 2 had still used the O. method to derive K but 

only had access to the top percentage values of the first three participants. Similarly, to 

derive its K, members 4 and 5 had access only to the top percentage values of the last 

three participants. Participant three had access to all top percentage values for each 

member in the group and this was known by all members. Again, 5000 decisions were 

simulated using 20 blocks of 250 decisions each. 

Figure 8.6. shows the results obtained by the group made up of sub-groups. 

Though there is a slight loss in the proportions, due to less than optimum allocation to 

others, these losses are not statistically significant. 
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The loss could be averted by the introduction of k!, the knowledge of other 

members' knowledge of other members, and more sophisticated strategies taking into 

account this newfound knowledge. In the above example, a more sophisticated strategy 

would make use of the fact that member 3, because he is a member of both sub-groups, 

knows who is best in the entire group. Other members, once they have evaluated their 

own sub-group, may feel that a higher probability exists in the other sub-group. They 

could then vote either on members of the other subgroup or on member three which, 

acting as a transfer agent, can forward the vote to the other sub-group or return the vote 

back to the sub-group from where the vote originated. 
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Though not tested further in this dissertation. JrI would be especially useful when 

evaluating strategies for XSPAN. a voting method with a greater capacity to better 

articulate knowledge in the group. 

8.6 Summal), 

The purpose of this chapter was to initiate work on the creation of an artificial 

environment to study participant behavior in group decision tasks. Usually, in tasks 

similar to those of this dissertation, a very large subject population is required to perform 

studies under conditions which permit sufficient predictive power (see Kim, 1990). 

Because of a large number of iterations required from the group, the time required to 

think about the alternatives on each iteration, and the lack of "ecologically valid" subjects, 

simulated participants should be used in lieu of real subjects for seminal investigations. 

Once a trend has materialized in the simulations, a hypothesis can then be defined and 

tested with a real group. There is a lot to be learned about the behavior of participants 

in tasks performed in group support system environments. The number and complexity 

of possible interactions in groups makes it immediately clear that research with "real" 

groups deal only with a small subset of these interactions. Thus simulation may help ass 

researchers better understand a greater number of potential interactions. Heretofore, 

simulation has not generally been used by researchers in ass. This chapter endeavored 

to explore its potential. 
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To become an acceptable surrogate of the actual environment. the simulated 

environment needs to behave similarly to components of the real situation. An I1-AFC 

SDT model was used to model knowledge. How good was this artificial environment? 

According to Elliot (1964), an individual with a d / = 1.2 that evaluates a 5-alternative 

forced-choice problem should be correct about 53% of the time. The best result using 

traditional voting methods was 53% correct. This means that the group, with members 

of varyii1g expertise, performed as well as its best member on average. With lAP, the 

simulated group most always outperformed the best member in the group, attaining a high 

proportion of 59%. Though producing acceptable values, the simulated groups did not 

perform as well as the human groups from Chapter 7. This strongly suggests that the 

simulation model can be improved upon. First, by improving K and introducing ~ to the 

knowledge base of the simulated participants. Secondly, by creating sophisticated 

strategies that more richly exploit the available knowledge within human groups. 

Overlooking the weaknesses of the simulation model used in this chapter, the 

model used still indicated strategies to follow for groups making decisions. First, 

members should "hedge" their evaluations to alternatives. They should also drop weaker 

alternatives altogether. People should concentrate votes on the top member within the 

group if they know who that person is. Doing so leads to statistically better outcomes. 

However, for the group to succeed, the top member must show some preference towards 

the alternatives for the group to have an opportunity to succeed. The chapter also 
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indicated through the introduction of strategy spaces that members have a greater capacity 

to better articulate their knowledge when using lAP over traditional ass voting processes 

and that they retain more control of their personal influence in a decision when using 

SPAN rather than RCON. 
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CHAPTER 9 

lAP USE IN A REAL GROUP: 
THE PORPHYRY COPPER CASE STUDY 

9.1 Introduction 

This chapter describes the use of influence allocation processes for a real-world 

problem in a domain different from decision-making, the elicitation of knowledge from 

an expert panel for use in group assessment and in the design of an expert system. This 

is seen as an "ecological validity" test for the lAP voting software and the lAP concept. 

The porphyry copper workshop was held to accomplish two major goals with one 

comprehensive exercise: 1) evaluating the use of lAP for problems associated with the 

United States Geological Survey (U.S.G.S.) approach to resource assessment. including 

the development of hierarchies of geological features and characteristics, and 2) 

combining the judgments of a panel of geological experts into the knowledge-base of 

DISCOVERY®, an emerging expert system designed to aid in mineral exploration. 

The project described in this chapter was held in conjunction with the 

development of the research report Evaluation of the United States Geological Survey's 

Three-Step Assessment Methodology for contract 1434-92-C-30041 in response to 
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solicitation 7881 - submitted to Benjamin Morgan, Chief Geologist of the United States 

Geological Survey by DeVerle Harris, Director of the Mineral Economics Program. 

Department of Mining and Geological Engineering, College of Engineering and Mines, 

The University of Arizona (Harris, Reiber, Cook, Marsh, Meinert, Myers, Nielsen, 

Skinner, Sumner, Titley, Marlow, and Stanley, 1993). 

This chapter will proceed as foilows. First, a primer on porphyry copper 

exploration is presented. Second, the problems associated with the U.S.G.S. approach 

to resource allocation will be addressed. Third, the prominent role of expert systems in 

mineral exploration will be discussed, with an emphasis on the potential of influence 

allocation processes to aggregate expert judgments in the development of such tools. 

Fourth, the activities of the porphyry copper workshop will be described. And fifth. lAP 

evaluations and workshop findings will be presented. 

9.2 A Primer on Porphyry Copper Exploration 

The detection of mineral deposits results from comprehensive exploration 

programs involving teams of skilled professionals. Exploration for porphyry copper 

deposits in Arizona requires large capital investments up to twenty million dollars over 

an average program length of eight years (OTA, 1978). Economic deposits range in size 

from ten million to over one billion tons of ore with average grades ranging from 0.3 to 
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2 percent total contained copper by volume. Exploration is staged beginning with large 

tracts of land and regional surveys. The search area is progressively reduced as 

prospective targets are identified for more detailed examination (Harris, 1990). Survey 

selection can include airborne and ground based geophysics, geochemistry, and geology 

conducted across a range of sample intensities. Survey cost increases with sampling 

intensity making it desirable to quickly identify targets. The probability for detection of 

the deposit is dependent upon the type of survey and the sampling intensity. Experts 

skilled in identifying the responses of the deposit to the sensing survey can filter out most 

uninteresting anomalies leading to a higher probability for detection. 

Geoscience, like most other physical sciences, relies heavily on the use of models 

to describe phenomena in nature. Mineral deposits are generally classified according to 

the environment of formation, style of mineralization, and age. Porphyry copper 

deposits are a member of the family of copper ores for which comprehensive models 

have been constructed to describe the above features (Lindgren, 1933; Cox and Singer, 

1986). The representation of the mineral deposit using models allows for two very 

important reasoning mechanisms: 1) model-based reasoning, and 2) case-based reasoning. 

Model-based reasoning creates a general solution for a problem rather than relying 

on pre-compiled solutions (Koton, 1985). The geoscientist, when faced with a large 

vector of geological attributes, finds it more appealing to formulate a model characterized 
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by the principal geological attributes of the data set. Having assimilated and incorporated 

the familiar data in terms of a geological model the uncommon characteristics are then 

adapted or ignored with respect to the current situation. In case-based reasoning an 

expert presented with a task will: 1) locate and retrieve partially applicable cases from 

long term memory, 2) evaluate all cases to determine those having the closest degree of 

similarity, and 3) transfer knowledge from the old case to the current one (Kolodner, 

Simpson, and Sycara-Lyranski, 1985). Experiences are organized by generalized 

episodes commonly referred to as stereotypical models where unique features of a new 

situation are indexed by differences from the generalized episodes. In the retrieval 

process, the general characteristics of the situation under study are identified and 

previous cases are recalled based upon similarity. 

Exploration managers select survey types that will yield data allowing the expert 

to look for key principal features consistent with the deposit model. These key principal 

features are telmed recognition criteria. Observing the presence of recognition criteria 

may allow the explorationist to infer the presence of the deposit. As a simple example, 

if a common copper ore mineral has a characteristic green oxidation surface then the 

geologist will look for green stains on exposed bedrock surfaces. Observing the green 

stain he will note the presence of the copper ore and in turn, given an abundance of the 

mineral, may infer the potential presence of copper deposit. This geological observation 

is consistent with the geological portion of the deposit model. 
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9.3 U.S.G.S. Resource Allocation 

The u.s.a.s. provides to the United States Congress the estimated value of 

federally owned lands being considered for designation as wilderness areas. The studies 

are performed by various district offices in the areas under consideration. To ensure 

consistency between studies the geoscientists employ a technique commonly referred to 

as the three-step methodology. 

The methodology first requires scientists to examine the geology, geochemistry, 

and geophysics of the proposed park area and make a subjective estimate of the number 

of undiscovered deposits for each type of mineralization. Estimating the number of 

deposits is a most complex problem. The first step is to consider the types of deposits 

that may be present in the study area. Then, geoscientists estimate the number of 

undiscovered deposits for each type of mineralization. Each expert provides estimates 

for the 10, 50, and 90th percentiles. This becomes a subjective probability distribution 

for the number of deposits. 

"Estimates of the number of undiscovered deposits explicitly represent the 
probability (degree of belief) that some fixed but unknown number of 
undiscovered deposits exist in the delineated tracts. As such, these 
estimates retlect both the uncertainty of what may exist and a measure of 
the favorability of the existence of the deposit type. Uncertainty is shown 
by the spread of the number of deposit estimates associated with the 
90-percent quantiles to the 50- or 10- percent quantiles; a large difference 



in the number suggests great uncertainty. Favorability can be represented 
by the estimated number of deposits associated with a given probability 
level or by the expected number of deposits. " 
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(D. A. Singer, personal communication, 1993) 

In a second step, the assessment group meets. Traditionally they use a modified 

Delphi approach to 1) discuss the results of each scientists' estimates, 2) attempt to 

resolve conflicts, 3) introduce new information if required, and 4) obtain, if possible, a 

group consensus on the evaluation. Finally, these estimates are then input into a 

numerical estimator that iterates through 4999 cycles. The simulator is in fact an 

economic model that estimates the quantity (in dollars, according to current market 

values for minerals) of metal in each deposit. On each iteration, the simulator samples 

from the distribution for number of undiscovered deposits as estimated by the u.s.a.s. 

experts. Upon completion of the 4999 iterations, a resulting value assessment is derived. 

The three-step model is under attack for many reasons. First, the entire group 

process is flawed because it does not allow for dissenting opinions to be captured in the 

overall group estimate. Second, u.s.a.s. has no record of the actual voting process and 

of how each scientist viewed the favorability of an area. The public is demanding a 

record of how and why each member voted the way they did to be able to evaluate if a 

study ignored important pieces of information. Special interest groups, such as the Sierra 

Club, believe that the u.s.a.s. studies are part of a con~piracy to generate results that 
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keep wilderness areas open to mining companies. Third, the U.S.G.S. acknowledges that 

most studies have been undermined by scientists who participated and the later publicly 

condemned the results, stating that their input was ignored (see Harris, Reiber, Cook, 

Marsh, Meinert, Myers, Nielsen, Skinner, Sumner, Titley, Marlow, and Stanley, 1993). 

In their review of the three-step model, Harris, Reiber, Cook, Marsh, Meinert, 

Myers, Nielsen, Skilmer, Sumner, Titley, Marlow, and Stanley (1993) make these 

following recommendations [pp. 13-14]: 

"develop a formal and structured process for elicitation of judgment and the 
encoding of probabilities for number of deposits" 

"investigate influence allocation by the RCON or similar system as a 
means for optimum weighting and integrating of different expertise, e. g. , 
geophysics and economic geology, for a group assessment" 

"selectively integrate objective quantitative methods into assessment 
methodology 11 

Their interest in influence allocation processes is based on the following 

characteristics. First, lAP capture the different expertise from panel members. Some 

feel that current methods do not emphasize the evaluations of the most qualified 

scientists. Second, lAP outputs show precisely how each expert perceived the mineral 

endowment of an area and record dissenting opinions. Third, lAP allows for the 

geological evaluation to be conducted in parts. The u.s.a.s. states that the estimation 
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should ideally be decomposed into 1) a geological estimate, 2) a geophysical estimate, 

and 3) a geochemical estimate. With lAP, the geoscientists could evaluate each estimate 

individually, then weight the importance of each sub-estimate, and finally arrive at an 

overall estimate. 

The porphyry copper workshop convened Dr. Harris and six other geoscientists 

who regularly participate in the three-step model process. Using an assessment task 

generally similar to the three-step process evaluation, one goal of the workshop was the 

evaluation of the appropriateness of influence allocation processes, as used in an 

electronic meeting systems environment, for U.S.G.S. resource assessment endeavors. 

Another goal of the workshop was to incorporate the assessments into the knowledge

base of an emerging expert system. This is the topic of the next section. 

9.4 Knowledge Acquisition in Expert Systems Design 

Knowledge acquisition remains a major bottleneck in building expert systems 

(Bahill, 1991). Forsythe and Buchanan (1989) discuss several interview techniques and 

suggest structured methods to elicit knowledge from individuals. Most likely, however, 

the knowledge is held by several people. But acquisition of knowledge from a panel of 

experts remains a complex issue because of potential cont1icts between the individuals' 
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opinions. For example, MYCIN was designed to embody a single persons' expertise 

strictly to avoid that problem (Shortliffe, 1976; Buchanan and Shortliffe, 1984). 

However, group judgments are an effective way to achieve experts' consensus on 

input to expert systems. Influence allocation processes appear especially suitable for 

aggregation of opinion in this context because they allow the efficient use of a very 

diverse panel of experts covering all aspects of a problem, and the experts can effectively 

defer to each other on specific issues without the complication of doing so publicly. 

9.4.1 Expert Systems in Mineral Exploration 

Mineral deposits are normally discovered through long, expensive exploration 

surveys. The detection of minerals is made indirectly by the interpretation of the survey 

data to infer the presence of the hidden deposit. This process considers the type and 

intensity of the survey, the gross geological features of the region, the style and type of 

mineralization expected to occur with the deposit, and the overall responsiveness of these 

parameters to different exploration survey types. The skills necessary to do this 

successfully are often a product of years of evaluating known deposits and studying 

survey results from these bodies. 
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Expert systems are not new to the exploration industry. In the mid-nineteen 

seventies an ambitious program was undertaken at the Stanford Research Institute to 

develop expert systems and aid geologists in the search for hidden mineral deposits. 

PROSPECTOR™ was the result and it became a showpiece expert system performing 

a specific real-world task (Duda, Hart, Nilsson, Reboh, Slocum, and Sutherland, 1977). 

9.4.1.1 PROSPECTOR™ 

PROSPECTOR™ is designed to look at a geographic area and decide what 

mineral deposits may be present. The system starts by scanning a geological map of an 

area and registering the various geological attributes present, such as granite, quartz 

veins, sulfides, and the like. It then reviews all deposit models suited to the geological 

environment under consideration and notes the presence of important features in the area. 

For example, the system may start by retrieving a list of recognition criteria associated 

with the Archean Lode-Vein Gold model. This model states that if granite is present a 

score of 3 points out of a possible 5 (an importance measure) is obtained, if a quartz vein 

is present a score of 5 out of 5 is obtained, for a fault score 2 out of 5, etc. If quartz 

veins are not present, a negative indication for this model, the system might score -3 out 

of -5. The same scoring technique is repeated for all appropriate models. Thus, a 

numerical score might be 878 out of a possible 1025 for Lode-Vein Gold, 1178 out of 

a possible 2025 for Massive SUlfides, 567 out of 925 for Banded Iron Fonnation, etc. 
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In this way PROSPECTOR™ indicates to geologists what types of deposits should be 

expected if the area were explored (Agterberg, 1989). 

For PROSPECTOR™, system designers incorporated the heuristic reasoning of 

many different geologists expressing it with a hybrid mix of mathematical relations 

conformable with the laws of nature and heuristic inferences rooted in the geologists' 

subjective opinion (Reboh and Reiter, 1983). Geologists provided formal statements of 

assertions of the relation of evidence to hypothesis. The statements were accompanied 

by an indication of the strength of the relationship, expressed as a subjective probability 

(Quinlan, 1982; Duda, Hart, Nilsson, Reboh, Slocum, and Sutherland, 1977). 

To elicit the knowledge, each expert was given a worksheet and asked to define 

relationships between the major parameters of the deposit. i.e. if granite is associated 

with this deposit then state its degree of necessity and sufficiency (Reboh and Reiter. 

1983). Dennis Cox, an expert participating in the development ofPROSPECTOR™, has 

stated that many of the experts found this to be a particularly cumbersome process. For 

example, experts had to evaluate relations they felt unsure of, and these evaluations still 

carried equal weight with those of others they felt confident about (Dennis Cox, personal 

communication, 1993). 
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There was no formal incorporation of a group opinion in the development of 

PROSPECTOR™. The experts did not work as a team; instead, each worked on a 

different model within the system. For example, only two experts were used to elicit 

knowledge for the porphyry copper model (the model of interest in this chapter). It is 

not clear that they weren't simplY working together as one. 

Two subsequent versions of PROSPECTOR™ have been developed. 

PROSPECTOR n™ incorporates changes, such as interface design, that do not concern 

the knowledge-base. PROSPECTOR m™ moves toward using stronger model-based 

reasoning but still uses many of the original relationships defined in the design of 

PROSPECTOR™. The revised models are still constructed by single experts who define 

the important parameters of the deposit and associate with each parameter a measure of 

importance. Richard McCammon, the current head of the PROSPECTOR™ project, 

admits that though many changes have been implemented in the system, little has been 

done in the area of aggregation of opinion (McCammon, 1989; Richard McCammon, 

personal communication, 1993). 

9.4.1.2 DISCOVERY® 

DISCOVERY® is an expert system that supports the next stage of exploration, the 

survey of land where mineral deposits have been indicated. It is first being developed 

to support the exploration of a style of mineralization common to the American 
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southwest, the porphyry copper deposits of Arizona. In practice. PROSPECTOR™ has 

already been used and it has indicated a high potential for porphyry copper. The 

OISCOVERY® program then selects the optimum exploration survey sequence and within 

each survey type its optimum sampling density. The program considers risk and reward, 

searching for the optimal path between the two. The risk is the cost of exploring and not 

having a discovery. The reward is the net present value of a deposit upon discovery. 

OISCOVERY® simulates the presence of a porphyry copper deposit and the exploration 

process. Surveys having lower probabilities of discovery will result in higher cost 

explorations and have a higher risk. The discovery is driven by the features of the 

deposit model and the survey's ability to detect these features. The system combines 

geologic associations, probabilities of deposit detection, and economic considerations of 

the extractive mineral industries. 

Unlike PROSPECTOR™, OISCOVERY® was designed to elicit and incorporate 

the knowledge of many experts. To obtain the probabilities for deposit detection. an 

importnat goal of the porphyry copper workshop, a panel of expert explorationists in this 

area was assembled. These experts were geophysicists, geochemists, and geologists 

respected for their innovative exploration strategies and success in finding viable 

porphyry copper deposits. Given a diversity of scientific thought and differing 

exploration approaches it is desirable to elicit expert opinions on the probability for 

deposit detection and aggregate these into a group value: 
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Through the porphyry copper workshop, the expert system designers are seeking 

to capture the value that explorationists place on various geophysical and geological 

sensing systems at various densities. The term value, here, implies the gain of 

information (and a reduction of uncertainty) versus the cost to conduct the survey. The 

elements needed to construct this formal system are few: 1) some measure of reward for 

discovering a simulated porphyry deposit, a net present value; 2) a probability 

distribution that a given survey at a specified grid spacing will lead the explorationist to 

infer the presence of the deposit when it is there; and 3) the cost of conducting the 

survey. 

9.4.2 Elicitation of Knowledge using lAP and EMS 

A variety of tasks can be accommodated by lAP including obtaining a probability 

distribution over a set. For a discrete distribution, the normalized vote to each event 

may be taken as its probability. For a continuous variable, the range of the variable is 

subdivided into a succession of sufficiently narrow intervals and the normalized allocation 

to each is taken as the probability mass for that interval. Further rounds can be used to 

subdivide the intervals as needed. 

Each participant describes a distribution by relative vote allocation to the 

alternatives and then allocates influence to the distributions of others in the group by 
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giving them votes. The total each uses to express his own distribution is the weight 

given to it relative to others' distributions. I-Ience, the resulting distribution of votes over 

alternatives represents a weighted sum of the distributions of the members which is then 

normalized by dividing through by the total number of votes cast - i.e., the number of 

members in the group. The weighted average of distributions is not a theoretically 

correct method of aggregating probability distributions, but it has been found to perform 

better than other methods (Seaver, 1978). 

Reasons for allocating influence to others can be many, but are at different levels 

corresponding to what one knows about the other experts in the panel. One may wish 

to give power 1) to another who is more qualified to evaluate or 2) to another who 

knows better who is more qualified to choose and who will, presumably, pass the power 

on to that person or persons. In making an allocation, then, one is potentially exercising 

judgment about a person's qualifications to influence the evaluation and about a 

member's qualifications to judge who is qualified. In principle, of course, this could 

continue to an infinite series of judgments about others' qualifications to judge others' 

qualifications to judge, etc. 

The electronic meeting systems environment and teclmologies allow the 

implementation of an elicitation methodology where the separate and independent people 

with knowledge can interactively review, comment, and query (and respond to) the 
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statements of others. From this structured interaction. an expert can determine what 

proportion of power to keep or to allocate to other experts. and what distribution of 

probability to allocate. 

9.4.3 Summary 

There is no doubt that PROSPECTOR™ deserves its lofty reputation as a truly 

remarkable expert system. However. it is bothersome that members of its panel of 

experts have spoken out against the methods used by its developers to capture knowledge. 

The use of lAP for this endeavor offers an appealing mechanism that aggregates the 

knowledge of many experts. The next section describes the activities of the porphyry 

copper workshop where expert panelists. some of them original participants in the 

development of PROSPECTOR™ and all of them U.S.G.S. evaluators. used lAP for 

assessments. 

9.5 The Porphyry Copper Workshop 

A panel of experts was convened for a three day workshop to determine the 

probabilities for detection of a porphyry copper deposit using six possible survey types. 

for use in DISCOVERY®. The workshop was held at the University of Arizona's 

Management Information Systems department in a spedal-purpose meeting room that 
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supports same-time/ same-place group meetings . The facility , depicted in Figure 9 .1. , 

is based on a series of networked microcomputer workstations arranged in a tiered 

legislative style room. Two large-screen video displays are provided at the front of the 

room from where the group leader guides the meeting. A set of software tools that 

supported discussion, elicitation of probability distribution, and presentation of results 

was available to the group at all times. Prior to attending the workshop , each participant 

was provided with a theme document outlining the facility , the objectives of the sessions 

and the overall design of DISCOVERY®. 

Figure 9.1. University of Arizona EMS Facility 
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9.5.1 The Panel of Experts 

The DISCOVERY® panel of experts consisted of four geologists and two 

geophysicists active in various sectors of the Arizona porphyry copper industry. They 

represented the principal disciplines of geology, geochemistry and geophysics. Some of 

the experts were multi-disciplinary, having experience in more than one of the fields. 

The panel averaged sixty years of age and had approximately one hundred and eighty 

man years of exploration experience. The youngest expert was in his mid-forties with 

the oldest in his early seventies. Most participants, work colleagues or professional 

acquaintances of each other, had good knowledge of each other within the group. 

However, one of the experts had not met with two others prior to the workshop but was 

familiar with their research and background. 

The distinctions within the mineral industry among the various disciplines are 

important. Some features associated with a porphyry copper deposit can only be detected 

using geochemical, geophysical, or geological surveys exclusively. Explorationists rely 

heavily on others when faced with a problem for which they feel they lack expertise. 

Group discussion is a common method for designing exploration programs and 

interpreting survey data so experts are used to group work. Conflicts can arise because 

each participant is providing expert opinion (a degree of belief) consistent with their 

scientific interpretation of the model. 
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9.5.2 Constructing a Deposit Model 

The panel began the workshop using a group ideation and comment writing tool 

(GroupSystem'sTM Group Outliner™) to discuss the principal recognition features of the 

deposit model. Initially the experts were presented with four major headings representing 

common features of the deposit model. The major headings were: 1) ore (economic) 

minerals, 2) gangue (uneconomic) minerals, 3) host rock types, and 4) structure. For 

each heading, a subset of the twelve most commonly occurring features reported in the 

literature was presented. Each of the features in first two groups was described using 

quantifiers. As a simple example, Pyrite > 3 % and Pyrite < 3 % were two of twelve 

entries under the heading ore minerals. The last two major headings contained entries 

indicating only their presence/absence in association with the deposit. 

For each of the lists the experts were asked anonymously to submit comments 

indicating the power of that feature to indicate the presence of a deposit. They could 

comment upon the uniqueness of the feature, its response to various survey types, its 

relationship to other features, the implication of observing the stated quantity, and any 

other information pertinent to porphyry copper exploration. Participants could view and 

reply to anonymous submissions. This interactive electronic ideation orients the group 

towards discerning what features are important and how their own view of the deposit 
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model differs from that of others. With anonymity the experts can freely express some 

of their more abstract thoughts on relationships between features. 

The panel then spontaneously launched into a face-to-face discussion of the issues 

and agreed to modify the structure of the original lists by creating new lists of spatially 

associated features. They also added a sixth block to represent features associated with 

the deposit model in a regional sense as noted in Table 9.1. 

Block 1 Hypogene Mineralization 

Block 2 Supergene Mineralization 

B1ocl{ 3 Gangue Minerals 

Block 4 Lithology 

Block 5 Structure 

B1ocl{ 6 Associated Deposits 

Table 9.1. Six Environmental Blocl{s Associated with a Porphyry Copper Deposit 



9.5.3 Ordering of Features 

-- R CON v 0 T E A N A L Y SIS --

VOTE TALLY 

option 
Chalcop/Bornite >2% 
Chalcop/Bornite <2% 

Pyrite >3% 
Pyrite <3% 

Molybdenite >0.05% 
Molybdenite <0.05% 

chrysocolla >1% 
chrysocolla <1% 

Mal/Azu/Broc/Cup >1% 
Mal/Azu/Broc/Cup <1% 

Chalcocite >1% 
Chalcocite <1% 

Tally 
0.86 
0.53 
1.09 <---
0.33 
0.54 
0.37 
0.34 
0.22 
0.40 
0.22 
0.76 
0.40 

Total votes cast for. this problem: 6.0 

Figure 9.2. ReON Vote Result for Ranking of Features 

239 

While surveying, geologists rarely see the actual mineral deposit. Its presence 

,is often infered by the presence, or lack of, indicative terrain features. The panel 

ordered the features within each block according to their power to indicate the presence 

of the porphyry copper deposit during exploration. All rank ordering was completed 

on a ratio scale through allocation of votes using the RCON influence allocation process 

tool. This ranking does not require that the experts identify those features occurring 

most commonly but rather those that they would most like to see during exploration. 

Figure 9.2. depicts the RCON vote result for the ranking of features within Block 1, 
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Hypogene Mineralization. Note that the total of votes cast totals the number of persons 

voting (6). 

The panelists were then asked to rank each of the six major blocks by their 

discriminating power in allowing the expert to correctly identify the porphyry deposit 

when it is present. The result is an intra-block ranking of features accompanied by an 

inter-block ranking. 

The importance of ranking the recognition features for porphyry copper 

exploration can be expressed by the following. If Block One received 23.7 % of the total 

vote by inter-block ranking it is said to contain 23.7 % of the information contributed to 

the expert when considering all of the blocks. Likewise, if the first feature within this 

block received 31.8% of the intra-block vote it contributes 31.8% of the knowledge 

contained in Block One. It can also be said that this feature contributes 31. 8 % of 

23.7% (i.e., 7.5%) of the overall information content of the features of the system, an 

inter-block weight of 7.5 %. The ranking permits a statement of the contribution of 

knowledge each of the features contributes to the expert during exploration. It would be 

said that the first feature within Block One contributes 7.5 % knowledge when present. 

When all of the features of all six blocks are present we have 100% knowledge. 

Likewise, when no features are present we have 0% knowledge contributed (see Figure 
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9.3.). Thus, any combination of features contributes between 0 and 100% knowledge 

to the expert during exploration. 

9.5.4 Probability for Deposit Detection 

To elicit the probability of detection by survey type and sampling intensity, it is 

necessary to identify a reference deposit. The experts can anchor on this reference when 

applying their scientific models. This statement requires some clarification. The expert 

must have a reference size to which he can calibrate his probability estimates. To define 

the reference deposit the panel identified a size with which they are most familiar and 

assumed the mineralization to be exposed on ground surface rather than hidden. 

100 

Probability 
of 

Detection 

o 
Percent Knowledge 

Figure 9.3. Probability of Detection Curve given Features Data 

100 
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The panel identified six exploration surveys commonly used to search for 

porphyry copper deposits. Each survey type is accompanied by three densities indicating 

the intensity at which sampling will occur. For each survey type at each density the 

expert provides the probability of correctly identifying the porphyry copper deposit when 

it is present. A group subjective probability distribution was collected by using the 

RCON ballot to collect individual subjective probability distributions. This probability 

corresponds to the deposit having the complete set of recognition features, giving the 

expert 100% knowledge. By constructing various combinations of the recognition 

features, points can be elicited from the experts which will create a probability of 

detection curve. Figure 9.3. depicts a conceptual detection curve for a specific survey 

at a stated sampling density. The X axis, Percent Knowledge, represents the percentage 

of total information available to the experts. The Y axis, Probability of Detection , is a 

conditional probability as elicited from the group of experts given that the deposit is 

present. For every survey at each of three sampling densities a curve like that in Figure 

9.3. is generated. For any combination of recognition features the percentage knowledge 

contributed to the explorationist by that survey can be calculated and the corresponding 

probability of detection can be obtained from the curve. 

In summary, a family of curves like that in Figure 9.2. can be generated for each 

survey at various intensities. Given some set of geological recognition criteria, perhaps 

28% knowledge, the probability for deposit detection using that survey and intensity is 
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the intersection of 28% knowledge with the corresponding curve. From the systematic 

review of survey information. DISCOVERY® will report probabilities for deposit 

detection at the current knowledge level and what other surveys would return most 

information on investment if carried out. 

9.6 Results and Evaluation 

Implementing lAP in the porphyry copper workshop served as a real-life test for 

the RCON voting software, as used in tandem with other GroupSystems™ tools. As 

described earlier, the group was made up of expert geoscientists well acquainted with the 

U.S.G.S. three-step methodology and its shortcomings. They were also very interested 

in the potential of DISCOVERY® and perceived a professional benefit with its successful 

implementation. This situation translated into highly motivated participation 

characterized by intense debate and careful assignment of weights to others and 

alternatives. 

During the workshop, the group used RCON interactively, in a same-time/same

place setting, for 15 evaluations. In the weeks following the workshop the members each 

filled out over 200 additional paper RCON ballots. Those were then processed off-line. 

This section reports the results of a pre-session survey that concentrated on the members' 

past experiences with work groups and of a post-session survey that collected various 
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professional opinions about the workshop and lAP use. Due to the high level of 

expertise in the group and the relevancy of the task. the descriptive statistics presented 

in this section are deemed important and of scientific value. 

9.6.1 Pre-Session Survey 

The workshop began around the breakfast table with 30 minutes of informal 

conversation among the participants. This was followed by a formal introduction and 

presentation of the goals and tasks of the meeting. The three-step methodology, group 

aggregation of opinion methods, past experiences with Delphi, and the RCON voting tool 

were all discussed. The group then relocated to the decision room (Figure 9.1.). The 

first task to be accomplished by the group was a pre-session questionnaire. This was 

administered in the decision room using a r.omputer-based interactive survey tool that had 

just been released by Ventana Corporation (1993). The results follow. 

The participants reported spending approximately 20% of their professional time 

in meetings. They rated the effectiveness and efficiency of these meetings at about 50%. 

The three most important tasks accomplished in these meetings were idea generation, 

decision making, and planning. Their groups were usually made up of people with 

different expertise. Four of the six participants noted that membership was restricted to 

people of similar level of expertise whereas two noted differences in knowledge type and 
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level. When a group decision is to be made, their methods of choice are plurality and 

percentage voting. Approval Voting had been used by 1 participant. No member had 

prior experience with techniques that weighted participants. Participants rated at 90% 

the importance of expert systems for exploration and resource assessment. They 

estimated that, in order to accomplish all its goals, the workshop would require between 

20 hours and two weeks. 

9.6.2 Workshop Products and Outcome 

The group met for three days, from 9 am until late afternoon. The work 

accomplished was both qualitative and quantitative in nature. For each environment 

block, EMS software was used to allow experts to comment on characteristics and to 

allow a structured discussion of this information between the experts. The computer

based discussion was an important aspect of the workshop because it was the method 

experts used to communicate information they felt important enough for all to know and 

specific enough not to expect that it was common knowledge within the group. This 

comment and discussion exercise helped the experts review their own expertise and 

opinions concerning issues that mayor may not be of importance to them. This 

introspection, it is speculated, leads to more effective lAP use. The following comment, 

from a geologist, expresses an expert's view of the process. 



"I feel that I needed even more information background on each 
participant in order to allocate respect. I also needed more time to read 
comments and respond to them. This whole comment process is slower 
on the computer than with a normal conversation. When someone makes 
a dumb comment, I would like to mark them down on respect if I knew 
who they were." 
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A criterion for the selection of the experts was a high level of knowledge about 

other members on the committee because the lAP tools require, through a group process, 

an evaluation of each member's competence. However, this comment indicates a need 

for more specific information. In the formal discussion stage, anonymity was preserved 

because with it, it was envisaged, the experts could more freely express some of their 

more abstract thoughts on relationships between features. In retrospect, this may have 

been a mistake. To circumvent this restriction, members frequently initiated face-to-face 

oral discussions. The benefit of a "written discussion" is that a record of the comments 

now exists and can be referred to in the future. Members were encouraged to "write up" 

the content of their oral discussion and the resolution in the written record. 

Pursuant to these discussions, the experts used the RCON influence allocation 

process to aggregate their subjective probability distributions and opinions. In a first 

step, a ballot was filled for each of the 6 environmental blocks associated with porphyry 

copper deposits. The goal was to rank, using a ratio scale inherent to lAP, the 

importance of each feature, within its category, for the ,detection of porphyry copper. 
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In a second step, each block was ranked in importance relative to all other blocks. These 

features, once combined, represent all possible information that can be used by 

explorationists to detect the presence of porphyry copper. The resulting scores for all 

blocks and their features appear in Figures 9.4a and 9.4b. The third step dealt with 

collecting expert estimations for the probability of correctly identifying mineral deposits 

given a geological survey, at a specified density, and varying information from the six 

blocks. Prior to starting this third task, the group selected six survey types associated 

with porphyry copper exploration in an area lOOkm X lOOkm. They then selected three 

densities for each survey type. The experts considered the following question: What is 

the probability that for this survey (X) at this density (Y) you would correctly identify the 

deposits alteration halo and recommend tile target for follow up investigation? (The 

alteration halo is the identifying "footprint" or "trademark" of a deposit). 

At the workshop, the group considered the geological mapping survey at three 

densities. Five other surveys geochemical sampling, airborne magnetics, geological 

mappings, geochemical sampling, and IP were considered with the paper ballots. 

Appendix D contains an example RCON paper ballot. Each survey/density scenario was 

considered multiple times, each time with a different mix of recognition features. These 

mUltiple discrete event estimations led to the development of a set of probability detection 

curves similar to Figure 9.3., one for each survey/density scenario. It is from these 

probabilities that the DISCOVERY® knowledge-base will be developed. 
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Figure 9.4a Inter- and Intra-block Ranking of Geological Features 
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9.6.3 Post-Session Evaluation 

Included in Appendix E is the post-session questionnaire filled out by the experts. 

All fifteen questions used a 1O-point scale. Table 9.2. re-creates the questions and 

reports the mean and standard deviations for each question. Beneath each question is the 

label describing the lowest and highest score on the scale. Shaded are particularly 

interesting scores and comparisons. 

The participants used GroupOutlinerTM and the RCON voting tool. As seen by 

comparing the results of questions 3-4 and 6-7, the experts found the voting tool easier 

to learn but more difficult to use than the commenting tool. This, no doubt, is a 

reflection of the care that each member took when allocating respect weight to others in 

the group. Through question 9, the experts reported that they perceived lAP as an 

improvement over linear weighting methods. In question 10, experts stated that they are 

receptive to the use ofIAP for eliciting group knowledge for inclusion in expert systems. 

However, stronger support might be expected after the experts have had a chance to 

review the workshop results. 



Post-Session Questionnaire Results 

1. Did the workshop attain its goals? 
(Weak,Strong) 

2. Rate the amount of work accomplished? 

(Minimum, Maximum) 

3. How difficult was brainstorming to learn? 

(Easy, Difficult) 

4. How difficult was brainstorming to use? 

(Easy, Difficult) 

5. Usefulness of brainstorming for workshop? 
(Not Useful , Highly useful) 

6. How difficult was IAP voting tool to learn? 

(Easy, Difficult) 

7. How difficult was IAP voting tool to use? 

(Easy, Difficult) 

8. IAP results were a true representation 
of group knowledge? 
(Not representative, Highly representative) 

.·.·.·.·.·.·.·.·.· .·.·.·.•.•,·.·.·.·.·.·.·.·.·.·.· -:-:-:-:-:.:-:-:-:-:-:,:-:-:,:-:• •·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·•· .·.·.·.·. 

:~11i1t:1111111r11tttt r ·· 

11. Did allocating respect to others use more 
of your knowledge for decision-making? 
(Definitely not, Definitely! ) 

12. Relatively, how often did you allocate 
equal weights to all other group members? 
(Never, Always) 

13. Would you consider using IAP in the 
future? 
(Definitely not, Definitely !) 

6.50 

6.50 

5.33 

4.33 

7 .33 
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0.76 

1.61 

2.05 

l.25 

0.76 

1.95 

1.57 

1.70 

1.11 

2.87 

1.11 



252 

..... . ·····)···· ; ·········t··············· •. , ..•.•....••. : .•..••..•.••.•. •.•1 ·.···:.!_ •• _ ••.••. : .••. :_

1

·.········s.·· ·· ······ ··

0
.• •. • •. · •.••....••. 
0
.:_ ••..•.•. ·._:·· ··RE····::_ . • _ •..•.• •. :.: .•_:

1
.• .. • •. • •. 1.i.· .• 1 .:.::.··········· ············ ·········i ..•.•. :_ •• _ •.••. i.··········1· .•..•.•. 1.· •. • •. • •. 1.1.· •. 

1

. n_

8 

..•..•....•. · •. ~.E_· .. ··.:.i_~.VI .•. ·.• ·. :.·)l. i.·.··.· ··· ·· ~···· p· ·.• .. · •. • •. 

1

.~.: ;_i.•_·:_; _1.· · . •. :.~.···:····· ····- ~.··.··.•,· :_· •.·_:,· •.••.•.•• , •• _.,:.· ·····I ·.·.·.·.·.·.·.·.·.·.·.·.·.· -:-:-:.:-·-:-:-:-:-:-:-:-:-:-: -:-:-:-:-:-:-:.:-:-:.:-:-:-:-:-:.:-:-:-:-:-:-:-:-:-:-:-: ::::::::::::::::::::::::::::-: . - -

1. Did the workshop attain its goals? 
(Weak,Strong) 

15. How successful was this workshop for you? 
(Failure, Success!) 

Table 9. 2. Post-Session Evaluation Survey Results 

6.50 0.76 

7.17 0.69 

The experts did not know if voting with RCON used more of their knowledge 

( question 11) but they did feel that the aggregation result was representative of the 

groups ' knowledge (question 8). Experts reported, in question 12, that they usually 

allocated different weights to participants which is indicative of the evaluation effort of 

each expert. A review of the ballots indeed indicated that only in a small number of cases 

did the experts allocate equal weights to everyone. Finally, questions 13 and 14 indicate 

support for IAP and its future use. 

Most of the variance m these responses is attributable to one member ( a 

geophysicists) who scored each question much more negatively than his 5 counterparts. 

His criticisms, described in the following remark, concern the appropriateness of the 

methodology for the task. 



"There was a very strong attempt to the organization of the workshop. 
But, this is a very complicated topic, involving often conflicting 
approaches. I'm not convinced that lAP can solve the problem. In some 
ways, you are setting qualitative (geological) versus quantitative 
(geophysical) methods against one another. Admittedly, geology is 
becoming more quantitative, but it still has little understanding of 
geophysics - and the future is still bleak!" 
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This comment encapsulates the most important issue in the geosciences today, a 

fair assessment methodology that can combine the knowledge of experts with different 

training, different taxonomies, and different philosophies. Translating qualitative 

comments into quantitative measures can be a difficult task. In a participative 

methodology, such as lAP, there are legitimate concerns about the capability of specialists 

to assess resources, especially those scientists usually not included in the process. 

Certainly, these group members would have to receive some training in probability and 

assessment methodology. This issue is however a topic outside of the scope of this 

dissertation. 

9.7 A Recommendation to the U.S.G.S. 

Following the porphyry copper workshop, a formal evaluation of its activities was 

undertaken by the participants. They reviewed all facets of what was proposed to them 

as an improved methodology for resource assessment. This evaluation led Harris, Reiber, 

Cook, Marsh, Meinert, Myers, Nielsen, Skinner, Sumner, Titley, Marlow, and Stanley 
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(1993) to recommend that the V.S.O.S. begin investigating the use of RCON, or some 

similar system, for resource assessment by groups [po 429]. They write: 

"The front-end of RCON calls for extensive exchange of science and 
information in which each expert would share his knowledge domain as 
well as relevant information. Other features include the following: 

• Identification by the group of geological factors that are 
deemed to .be important in the formation and recognition of 
mineral deposits; 

• Identification of a subset of geological factors, the 
'sensitive' geological factors, that are deemed by the group 
to be recognition criteria for the delineation of tracts for 
mineral deposits; 

Familiarity of each group member with all other members 
so that subjective judgments of the relative expertise of 
individuals may be made with regard to the geological 
factors under consideration; 

Assessment privately by each group member. following 
preferred procedures; 

• Combination of individual assessments using weights 
reflecting the expertise of each assessor, as determined from 
the RCON voting algorithm" 

9.8 Summary 

This chapter described the use of the RCON influence allocation process for a real-

world problem in a domain different from decision-making, the elicitation of knowledge 

J 

from an expert panel for use in group assessment and in the design of an expert system. 
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This was seen as an "ecological validity" test for the lAP voting software and the lAP 

concept. The results indicate success. 

The porphyry copper workshop was held to accomplish two major goals with one 

comprehensive exercise: I) evaluating the use of lAP for problems associated with the 

V.S.O.S. approach to resource assessment, including the development of hierarchies of 

geological features and characteristics, and 2) combining the judgments of a panel of 

geological experts into the knowledge-base of an emerging expert system designed to aid 

in mineral exploration. The geologists reviewing the U.S.O.S. three-step methodology 

have recommended a further investigation of lAP. They see great potential for a 

participative assessment process. The developers of DISCOVERY@ have completed the 

knowledge acquisition stage of the porphyry copper model. This was accomplished 

exclusively using the RCON tool and group assessments. They are currently 

programming the system. 

The porphyry copper group may have used the wrong influence allocation process. 

An important requirement for a new U.S.O.S. assessment methodology is its ability to 

record the opinion of each participant. If there is a court case, and they are more 

prevalent now, the record must show accurately the views of all participants, including 

dissenters. Currently, the V.S.O.S. relies on the minutes of assessment meetings, usually 

a very weak record (Michael Stanley, personal communication, 1993). RCON cannot 
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very effectively report individual roles in an aggregation. The weights are derived from 

a group process and an algorithm that amalgates everyone's opinion. Specifically, the 

indirect influence is equal for all members. Sub-section 5.4.3.3, measures of individual 

performance in rational consensus, expands upon this limitation. However, this 

dissertation defined twelve measures of individual performance for SPAN and its extended 

version. Hence, SPAN should be the lAP of choice for the U.S.O.S. 



CHAPTER 10 

REVIEW AND CONCLUSIONS 
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Research into group support systems has emphasized tools and methods that 

support group process and neglected decision methods and their outcomes. There is a 

need for greater support for this final phase of group processes, the aggregation of 

different opinions and the collective endorsement of a final agreement. 

The purpose of this applied research was to develop and evaluate influence 

allocation processes (lAP), voting and opinion aggregation tools that allow members of 

a decision group to distribute some or all of their decision making influence to others in 

the group in order to exploit not only the group's knowledge of the alternatives, but its 

knowledge of itself. The enabling technologies of group support systems, provide an 

excellent environment in which to reconsider and expand upon these methods. 

Several different lAP have been proposed, SPAN by MacKinnon (1966a), what 

is here termed RCON, by DeGroot(1974), and extended RCON, here termed XRCON, by 

Lehrer & Wagner (1981), and extended SPAN, XSPAN, by Ferrell (1992). Although 

there has been a modest amount of experimental evaluation of SPAN, and one experiment 

with XRCON, in none of the work did the group members have any special differential 

expertise about the task that other members might know' about and that would afford a 
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basis for allocating them more influence. I-Ience the conditions under which influence 

allocation processes could be particularly effective were not met. Consequently their 

conclusions are not at all definitive. The research reported here examined SPAN, XSPAN 

and RCON in comparison with more traditional voting techniques used in GSS using a 

variety of experimental and simulation techniques. 

10.1 Review 

Chapter 1 presented four research questions of concern to theorists and practitioners: 

1. Is implementation of influence allocation processes in group support 
systems feasible? 

2. If feasible, do influence allocation processes improve the efficiency and 
effectiveness of group decision making processes over conventional 
quantitative techniques? 

3. Can influence allocation processes harvest added information within groups 
and translate this into better solutions? 

4. What type of problems can be addressed using influence allocation 
processes? 

Chapter 2 considered voting in relation to other methods of closure and concluded 

that it is a suitable decision method for many group types and decision situations. In 
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certain decision problems voting can be an appropriate alternate or supplement to 

consensus building or negotiation methods. In other problems, specifically those requiring 

quantitative measures, voting is the group decision method of choice. 

Chapter 3 reported that the assessment and comparison of alternatives is often 

accomplished in GSS environments using ordinal scales. The ordinary statistics involving 

means and standard deviations ought not to be used with ordinal scales, for these statistics 

imply a knowledge of something more than the relative rank order of data (Siegel and 

Castellan, 1988). Moreover, group members generally have opinions that extend beyond 

just the acceptability or rank order of alternatives and should be provided with methods 

that allow a fuller expression of opinion. Voting methods that use ratio scale-based 

algorithms are especially effective for pooling judgments and amalgating votes among 

alternatives. lAP satisfy this requirement. They expand upon conventional GSS ratio 

scale voting methods by incorporating a mechanism for the simultaneous evaluation of 

alternatives and members in groups through a more participative group process. 

Chapter 4 described a research framework based on the group performance models 

of Hackman and Morris (1975) McGrath (1984), Dennis, George, Jessup, Nunamaker, and 

Vogel (1988) and two group decision models of Simon (1960) and Mintzberg (1973) to 

evaluate GSS-based voting methods. 
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Chapter 5 showed that the performance of voting methods can be measured 

through objective and subjective measures. For problems with demonstrably correct 

answers, the objective performance criterion of group outcome is its choice of the correct 

answer. For problems for which there is no correct answer or it is not known, the sole 

criterion for measuring the group outcome is member's confidence in, and commitment 

to, the decision (Fisher, 1980). Because of their Markov chain structure, the lAP tools 

SPAN and XSP AN can also provide a variety of secondary measures of performance that 

can reveal the relationships within the group and the voting power and effectiveness of 

each participant. Group interaction measures can be very useful even with problems that 

have no objectively correct answer. 

10.2 Research Results 

In chapter 6, the four major research questions of chapter 1 were translated into 

fourteen hypotheses covering the issues for the development and implementation of lAP 

within group support systems. Testing these hypotheses was accomplished using the 

multi-methodological approach reported in chapters 7 through 9, that included software 

engineering, experiments with human subjects. simulation. and a case study with a group 

grappling with a non-trivial problem. 
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The first set of hypotheses dealt with a newly developed set of lAP tools running 

on the GroupSystems™ platform. A twenty-four question software evaluation survey 

adapted from Chin, Diehl, and Norman (1988) was used to compare lAP to typical GSS 

voting tools. The rationale was that if lAP tools compare favorably to an implemented 

and mature voting tool then the prototype is acceptable from a usability standpoint. The 

post-voting questionnaire data were analyzed with a general linear model and there were 

no statistically significant differences due to voting process in any of the twenty-four 

items surveyed. There was no order of treatment effect, and there was no group effect. 

It can be concluded that, in the eyes of potential lAP users, the lAP prototypes developed 

are equivalent in quality and usability to a mature software voting tool already in 

widespread use. 

The second set of hypotheses compared SPAN and RCON with respect to how 

people expressed their opinions when using them. In experiments where participants 

voted on the same question using SPAN and RCON, people did not make the vote 

assignments one would infer from the comparative logical structure of the lAP's. 

Specifically, the allocation to oneself was greater with SPAN than with RCON and the 

relative distribution of allocation over alternatives was more peaked with SPAN. 

However, the outcomes of votes using the two different lAP methods were not 

significantly different. 
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The third set of hypotheses dealt with the comparison of decision quality between 

lAP and conventional ass tools. These hypotheses were tested with experiments with 

human groups and, to a lesser extent, with simulations. As predicted, there were 

significant differences in the decision quality between the different methods. lAP enabled 

groups to make more accurate decisions and to apply greater weight to the correct 

alternative than did the conventional methods. This difference was greater in situations 

were a only a minority of group members knew the answer. 

The fourth set of hypotheses dealt with knowledge use within the lAP. Twelve 

personal performance measures were compared for allocations made in SPAN and 

extended SPAN. It was found that XSPAN significantly outperformed SPAN for 

allocations to others who then allocate to a correct alternative. It was found to have a 

greater capacity to articulate knowledge in the group. It is the whole structure of the 

initial allocations that determines the weight distribution, and each person's amount is 

equally contributed to by everyone else. I-Ience, in RCON, personal influence in the 

decision cannot be controlled by individual members and indirect influence is equal for 

all members. Moreover, measures of personal performance can only be attained 

indirectly. In real groups, such as the U.S.O.S. case study group, precise personal 

performance measures, characteristic of the SPAN family, have been reported to be 

extremely important for documenting the decision process and assign responsibility for 

the outcome. 
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The fifth set of hypotheses dealt with subjective evaluations of satisfaction and 

confidence by participants in real groups. These measures were collected from a panel 

of six geoscientists that used RCON extensively while participating in a regularly 

scheduled three-day workshop. The experts perceived RCON as an improvement over 

linear weighting methods. They found the software to be easy to use but the allocation 

decisions challenging, as is to be expected if the method is taken seriously. The experts 

did allocate different weights to the different participants and otherwise indicated an 

understanding of and full participation in the method. They felt that the result was 

representative of the groups' knowledge. The geologists perceived great potential for such 

a participative assessment process, and, through a published report (see l-larris, Reiber, 

Cook, Marsh, Meinert, Myers, Nielsen, Skinner, Sumner, Titley, Marlow, and Stanley, 

1993), have recommended further investigation of lAP by the U.S.O.S. However, the 

group had concerns about the capability of scientists with different training, taxonomies, 

and philosophies to translate qualitative comments into well-calibrated quantitative 

measures, and recommended training in probability and assessment methodology. 

The last set of hypotheses dealt with the development and testing of strategies for 

the allocation of influence to alternatives in conventional OSS methods and for the 

allocation of influence to alternatives and to others in lAP. Strategies were tested by 

simulating the behavior of participants in a decision group as they translate knowledge 

into voting patterns. An n-alternative forced-choice model based on detection theory 
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provided numerical values that represented what knowledge each member had about the 

alternatives and about the knowledge of others in the group. Multiple algorithms for the 

translation of knowledge into voting patterns were attempted. These strategy algorithms 

represented specific areas of the strategy space available to voters in each of the voting 

methods. Conventional OSS voting methods only allow voters to articulate their opinion 

on one dimension, knowledge of the issue. whereas lAP otTer, through a second and third 

dimension, knowledge of others' knowledge of the issue and knowledge of who has that 

knowledge, greater capacity to articulate one's opinion. 

The simulated groups did not perform as well as human groups, thus indicating 

flaws within the simulation model. But, in spite of its weaknesses, the simulation model 

can provide interesting insights into what strategies to use when voting. Using the second 

and third dimensions in lAP led to statistically significant improvements in the proportion 

of correct answers recorded over the conventional one-dimensional OSS methods. 

10.3 Summary and Contributions 

In summary, lAP have been implemented within OSS environments. In n-alternative 

forced-choice problems within groups with members having different expertise about an 

issue to be resolved, lAP's can outperform conventional OSS voting methods by making 

use of knowledge group members have about each odler. The U.S.O.S. case study 
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suggests that the methods can also be used effectively in other non-trivial tasks with no 

known solution. However, this dissertation only initiated research on influence allocation 

methods. Though many appropriate tasks have been defined for lAP, there is still no 

solid guidance concerning which methods are best for which tasks, or for which types of 

groups. Moreover, only modest gains have been made concerning which strategies to use 

when voting as a group. Considerably more empirical testing is needed to legitimately 

establish lAP as a method of choice for decision making in groups. Nevertheless, the 

solid findings of the seminal studies presented in this dissertation may indicate an exciting 

and untapped potential for improving the efficiency and effectiveness of group decision 

making. 

The increasing use of computer networking in support of tasks that benefit from 

collaboration among individuals with different essential skills and knowledGe provides a 

wide range of applications for influence allocation processes in addition to group decision 

making. Many networked groups make a series of decisions that culminate in the final 

outcome so that even small improvements in performance may have substantial impact 

on over-all quality through their cumulative effect. This could be the case with, for 

example, concurrent engineering, total quality management, medical diagnosis and 

treatment, quality leadership, and coordination processes. The very best performance may 

well be that of a group that comes to a reasoned consensus on an issue. But since there 

is so frequently no time or adequate informational basis f~r reaching reasoned agreement 
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this way, and since voting or even more arbitrary means are so often resorted to, that 

there is a potentially valuable role for influence allocation processes in appropriate groups. 

In addition to its direct application, this research is expected to have value for a broader 

academic community by providing new measurement tools, based on the Markov chain 

structure of lAP voting methods, for research into group process, empowerment, 

leadership, influence, and decision making. 
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Concordia University 
Montreal, Quebec, Canada 

& 
University of Arizona 

Tucson, Arizona, USA 

The "Game Show Participant" Experiment 

You have been selected to participate on a TV game show. A cross 
between "Jeopardy" and "Family Feud" in style, questions will be asked of 
you from many different categories including sports, geography, music, 
business, information technology, and current affairs. 

A major difference from the cited game shows is that you will be 
answering all questions as a team - and you will have the opportunity to 
build your own team! Throughout the "answering process," you will be 
exposed to two state-of-the-art techniques that combine your answer and 
that of your teammates into a single team answer! 

Team Building 

Teams consist of five participants each. You must then select four 
other people to make up your team - you are the captain. Team members 
should be selected in a way to improve your chances of coming up with the 
correct answer to questions (remember the categories listed before!). 
Group members must be known to you: family members, friends ... People 
that you would feel comfortable at evaluating their chances of getting the 
right answer on any given question. 

Who are your teammates? 

Participant 1: (you) _________ _ 

2: 

3: 

4: 

5: 

You cannot change members from this point on (obvioIJs.Ly-!). Also, 
from now on, each person will be referenced using the numbe-r dt the left 
of each name. Hence, you are participant "1". You cannot sWitch the order 
of the participants: participant "2" will be participant "2" for the duration 
of the game, etc. You may keep this sheet to remind yourself of this order. 
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SPAN Example 

Consider this example question ... 

Question: What Is (by population) the largest of the African cities listed? 

a) Dakar 
b) Durban 
c) Lagos 
d) Johannesburg 
e) AI·Quahlrah 

To solve you will use a team system called SPAN. In SPAN, you and every member of the 
group, have 100 votes with which to choose an answer. You may allocate your votes 10 one or 
more answers and/or to one or more members. You may think of it as a percentage allocation to 
members and answers, if you wish. You should give votes to persons who you think may be able 
to allocate them better than you can for Ihe purposes of getting the right answer. A sufficient 
condition for the SPAN method to find a team answer Is that you assign at least some proportion 
of votes to an alternative· this assignment can be as large or small as you wish. 

Participants: 1: 

A· Dakar 
B· Durban 
C· Lagos 
D· Johannesburg 
E· AI·Quahirah 

2: 
3: 
4: 
5: 

__ total must sum to 100 (and some allocation for alternatives) 

In SPAN, the votes of the group members will be distributed in a series of "rounds." On 
the first round, all votes allocated to the different answers would go to those answers and all the 
votes allocated to the different members would go to those members. On the second round, the 
votes each member received on the previous round are distributed again according to that 
member's original allocation. Rounds are repeated until all the votes have gone to the apswers. 
The answer with the most votes would be selected as the team's answer. 
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RCON Example 

Consider Ihis example question ... 

Question: Whal Is (by populaUon) Ihe largesl of Ihe African ciUes lisled? 

a) Dakar 
b) Durban 
c) Lagos 
d) Jollannesburg 
e) AI·Qualllrah 

To solve you wili use a leam syslem called RCON. In RCON you musl firSI assign a weighl 
10 each member, Including yourself. The weighls musl be equal or grealer Ihan 0 and less or 
equal 10 100, and Ihey musl sum 10 100. 

You may Ihlnk of Ihem as percentages, If you wish. The weighls you assign, along wilh 
Ihose assigned by your group members (if they were here), would be used to delermine a 
consensual weighl for each member, Ihe weight each member would be given In choosing Ihe 
outcome. 

Welghls should be 0 only if Ihal person's opinion Is no better Ihan a random opinion for 
choosing Ihe answer 10 llie queslion. Weigh IS can be Ihoughl of as the relative "RESPECT" you 
have for thaI person's judgmenl in relalion 10 the specific question. 

Welghls to each member: 

1: 
2: 
3: 
4: 
5: 

__ lolal must sum 10 100. 

Then, you must assign a value to each answer. The values musl be equal 10 or greater than 
o and less or equal to 100. You may Ihink of Ihem as percenlages, if you wish. The 100 voles are 
allocated 10 the 5 alternalives according to a value Ihal represenls your opinion of Ihe 
correclness of each alternalive. In this case, your complete uncerlalnly can be Indicated by 
giving 20 voles to each alternalive. 

a) Dakar 
b) Durban 
c) Lagos 
d) ,tohannesburg ____ _ 
e) AI·Quahirah ____ _ 

__ lolal must sum to 100 

In RCON, for each answer, Ihe value each member assigns 10 il would be multiplied by Ihal 
member's consensual weight and summed over all members to give a score tor thaI answer. The 
answer with the hlghesl score would be selecled as the team's answer. 

----------------
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1. What is (by sales $) the most important newspaper. period icals and book 
publishing company in Nor1h America? 

A) Gannett Co Inc 
8) Times Mirror Co 
C) Time Warner Inc 
D) Tribune Co 
E) Advance Publications Inc 

2: 
3: 
4: 
5: 
A: 
8: 
C: 
D: 
E: 

Total. must sum to 100 votes! 

2. What is (by sales S) the most important computer and ottice equipment 
corporation in North America? 

A) IBM 
8) Apple Computer 
C) Hewlet-Packard Corp 
0) Unisys comp 
E) Digital Equipment Corp 

Votes to other mPmbPrS and altPrn2tives· 

2: 
3: 
4: 
5: 
A: 
8 : 
C: 
D: 
E: 

Total. must sum to 100 votes! 

271 



272 

APPENDIXB 

SOFIWARE EVALUATION SURVEY 



Influence Allocation Processes 
Software Evaluation survey 

Tool name: 

Please circle the number that best corresponds to your opinion in 
answer to the following statements. The survey has 5 small 
sections. comments are welcome and can be put in the space 
provided at the end of the questionnaire. 

Part A. Overall Reactions to the software 

My impression of this group tool: It is ... 

Terrible Wonderful 
o 1 2 3 4 5 6 7 8 9 10 

Difficult Easy 
o 1 2 3 4 5 6 7 8 9 10 

Frustrating 
0 1 2 3 

Dull 
0 1 2 3 

Rigid 
0 1 2 3 

4 5 6 

4 5 6 

4 5 6 

7 

7 

7 

Satisfying 
8 9 10 

stimulating 
8 9 10 

Flexible 
8 9 10 

Part B. Screen Design (visual interface) 

1. Characters on the screen are 
Hard to find Easy to find 
0 1 2 3 4 5 6 7 S 9 10 

2. organization on the screen is 
Confusing Very clear 
0 1 2 3 4 5 6 7 8 9 10 

3. Messages appearing on the screen are 
Difficult to see Very easy to see 
0 1 2 3 4 5 6 7 8 9 10 

4. Color scheme is 
Ugly Very appealing 
0 1 2 3 4 5 6 7 8 9 10 

5. Position of messages on screen 
Inconsistent consistent 
0 1 2 3 4 5 6 7 8 9 10 
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6. Navigation on the screen using arrows, tab, and enter was 
Confusing Clear 
o 1 2 3 4 5 6 7 8 9 10 

7. The computer indicated your current location on the screen 
Never Always 
o 1 2 3 4 5 6 7 8 9 10 

8. Activity scoreboards on screen are 
Unhelpful Helpful 
o 1 2 3 4 5 6 7 8 9 10 

Part c. Terminology and system Information 

1. Use of terms on the screen is consistent 
Inconsistent Consistent 
o 1 2 3 4 5 6 7 8 9 10 

2. Relationship of terms to the voting task 
Very weak Very strong 
o 1 2 3 4 5 6 7 8 9 10 

3. computer keeps you informed about what it is doing 
Never Always 
0 1 2 3 4 5 6 7 8 9 10 

4. Error messages are 
Unhelpful Helpful 
0 1 2 3 4 5 6 7 8 9 10 

Part D. Learning with the software 

1. Learning to operate the system 
Difficult Easy 
0 1 2 3 4 5 6 7 8 9 10 

2. Exploring features by trial and error 
Difficult Easy 
0 1 2 3 4 5 6 7 8 9 10 

3. Tasks can be performed in a straight-forward manner 
Never Always 
0 1 2 3 4 5 6 7 8 9 10 

4. Help messages were 
Unhelpful Helpful 
0 1 2 3 4 5 6 7 8 9 10 
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Part E. General system capabilities 

1. Response of system to your inputs 
Too slow Fast enough 
0 1 2 3 4 5 6 7 8 9 10 

2. System reliability 
Unreliable Reliable 
0 1 2 3 4 5 6 7 8 9 10 

3. correcting your mistakes 
Difficult Easy 
o 1 2 3 4 5 6 7 8 9 10 

comments: 



276 

APPENDIXC 

DERIVATION OF EQUATION (8.1) 



277 

Derivation of Equation 8.1 

Let {z1, z2, z3} be a random sample drawn from a distribution that is N(O,l) with 

probability distribution function <I> (.). 

Let y be drawn from N(d:1) with probability distribution function <I>'(.). 

Let x = {x1, x2, x3, x4} be the values of z1, z2, z3, and y set in increasing order. 

Let the event X ; = y be denoted X ;c' 

We seek the probability of this event given the ordered sample x, i.e. , we seek 

p(x;c jx). 

The joint distribution of X ;c and x is 

hence 

fCx lxic) 

and 
p(xic,x) 

hence 
p(xic Ix) 

= <I>'(xJ IT <I>(xJ 
kfl 

= <I>' (xJ IT <I>(xJ 
HI 

f{x I xic)p(xic) 

I f{x I xjc)p(xjc) 
j 

<I>'(xJ IT <I>(xJ p(xic) 
kt/ 

p(xic) 

{ 
[<I>'(x) IT <I>(xJ] p(xjc) 

L 
HJ 

j p(xjc) 
} 



so that 
P(Xlc Ix) 

now 

= 

L[ !J>'(xJ) IT !J>(xJ ] 
j k+1 

!J>'(ro) = -L exp{-Y:z(ro-d'i} 
V27t 

so that 

+ 

+ 

+ 

= 

--1- [exp{-Y:z(xl -d,)2} exp{-Y:z.:'('/} exp{-Y:zx'/} exp{-Y:z.:c/}] 
V21i 

1 [exp{ -Y:z(x2-d,)2} exp{ -Y:z.XI2} exp{ -Y2X/} exp{ -Y:z.."'('/}] 
V27t 
----L- [exp{-Y:z(x3-d'i} exp{-Y:zxI2} exp{-Y:z..\"/} exp{-Y:z..\"/}] 
V27t 

1 [exp{-Y:z(x4-d,)2} exp{-Y:z..\"12} exp{-Y:zX/} exp{-Y:zX/}] ] 
V27t 

{ 1/ 2 + d' 1/ d,2 1/ 2 1/ 2 1/ 2} exp -/:z..\"1 XI -12 -12..\"2 -1:zX3 -1:zX4 
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P(Xic/X) = exp{-~d'2}exp{Xld'}exp{-~(XI2+X/+X/+X/)} 

[exp { -~d'2} exp {x I d'} exp { -~(X 12+X2 2+X3 2+X4 2) } 

+ exp{ -~d'2}exp{X2d'}exp{ -~(XI2+X2 2+X/+X/)} 

+ exp { _~d'2} exp {X3d'} exp { -~(X 12+X2 2+X3 2+X4 2) } 

+ exp{ -~d'2}exp{X4d' }exp{ -~(XI2+X/+X/+X/)}] 

= P(Xic/ X) 

= probability that XI = Y given X 
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For a geochemical survey at the following scales: 

Respect 
Sumner __ , Cox __ , Spatz __ . Heinrichs __ , Miller __ , Peters __ 

Case #1 -
all blocks present 

Scale Scale Scale 

1: 250,000 1: 64,000 1:24,000 

Prob. Prob. Prob. 

1-10% 1-10% 1-10% 

11-20% 11-20% 11-20% 

21-30% 2 1-30% 2 1-30% 

·31-40% 3 1-40% 31-40% 

41-50% 41-50% 41-50% 

51-60% 51-60% 51-60% 

61-70% 61-70% 61-70% 

71-80% 71-80% 71-80% 

81-90% 81-90% 81-90% 

91-100% -- 91-100% 91-100% 

Case# 3 
blocks 1 and 3 are not present 

Scale Scale Scale 

1: 250,000 1: 64,000 1:24,000 

Prob. Prob. Prob. 

1-10% 1-10% 1-10% 

11-20% 11-20% 11-20% 

21-30% 21-30% 21-30% 

31-40% 31-40% 31-40% 

41-50% 41-50% 41-50% 

51-60% 51-60% 51-60% 

61-70% 61-70% 61-70% 

71-80% 71-80% 71-80% 

81-90% 81-90% 81-90% 

91-100% -- 91-100% 91-100% 

Case #2 -
blocks 5 and 6 are not present 

Scale Scale Scale 

1: 250,000 1: 64,000 1:24,000 

Prob. Prob. Prob. 

1-10% 1-10% 1-10% 

11-20% 11-20% 11-20% 

21-30% 21-30% 2 1-30% 

31-40% 31-40% 31-40% 

41-50% 41-50% 41-50% 

51-60% 51-60% 51-60% 

61-70% 61-70% 61-70% 

71-80% 71-80% 71-80% 

81-90% 81-90% 81-90% 
91-100% __ 91-100% 91-100% 

Case# 4 
block # there is chalcopyrite > 2% 

block #2 there is chalcocite > 1 % 

block #3 there is pyrite and biotite 

block #4 there is Laramide Tonalite 

block #5 there are abund. micro-fracs >0.4 cm ·1 

block #6 there is a magna.tite skam in the area 

Scale Scale Scale 

1: 250,000 1: 64,000 1:24,000 

Prob. Prob. Prob. 

1-10% 1-·10% 1-10% 

11-20% 11-20% 11-20% 

21-30% -- 21-30% 21-30% --

31-40% -- 31-40% 31-40% --
41-50% -- 41-50% 41-50% 

51-6)% 51-60% 51-60% --
61-70% 61-70% 61-70% 

71-80% 71-80% 71-80% 

81-90% 81-90% 81-90% --
91-100% __ 91-100% 91-100% 
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Case #S. 
from Block #1 there is molybdenite 
from Block #2 there is ollide capping hematite 
from Block #3 there is magnetite, hematite, monttnorillonite, and kaolinite 
from Block #4 there is Tertinry porphyry and Lnramlde volcnnlc l10ws 
from Block #5 there is early Tertinry fanglomemte and regional faults> 2 km in length 
from Block #6 there ia II volcnnlc massive sulfide (VMS) in the senrch area 

Scale 
1: 250,000 

Scale 
1: 64,000 

Scale 
1:24,000 

Prob. Prob. Prob. 
1-10% __ 1-10% __ 1.10% __ 
11·20% __ 11-20% __ 11-20% __ 
21-30% __ 21-30% __ 21-30% __ 
31-40% __ 31-40% __ 31-40% __ 
41-50% __ 41·50% __ 41-50% __ 
51-60% __ 51-60% __ 51-60% __ 
61·70% __ 61-70% __ 61-70% __ 
71·80% __ 71·80% __ 71·80% __ 
81·90% 81·9{)% 81·90% 
91-100%= 91.100%-= 91-100%-= 
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University of Arizona 
Porphyry Copper Workshop 

Exiting survey 

We thank you for your participationl 

1. Did this workshop attain its original goals? Rank its 
effectiveness. 

1 2 3 4 5 6 7 8 9 10 
Weak Average strong 

2. Evaluate the amount of work completed in this workshop. Was it 
an efficient use of time? 

3. 

4. 

5. 

123 
Not at all 

How difficult 

1 2 3 
Easy to learn 

How difficult 

1 2 3 
Easy to use 

4 5 6 
Average 

was the group 

4 5 6 
Average 

was the group 

4 5 6 
Average 

7 8 9 10 
Maximum 

brainstorming tool to learn? 

7 8 9 10 
Difficult to learn 

brainstorming tool to use? 

7 8 9· 10 
Difficult to use 

How useful was the brainstorming tool to achieve this 
workshop's goals? 

123 
Not at all 

4 5 6 
Average 

7 8 9 10 
Highly useful 

6. How difficult was the Influence Allocation Process (voting 
tool) to learn? 

1 2 3 4 5 6 7 8 9 10 
Easy to learn Average Difficult to learn 

7. How difficult was the Influence Allocation Process (voting 
tool) to use? 

123 
Easy to use 

4 5 6 
Average 

7 8 9 10 
Difficult to use 

8. How would you rate the Influence Allocation Process result as 
a true representation of group knowledge? 

123 4 
Not representative 

5 6 
Average 

7 8 9 10 
Highly representative 
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9. How convinced are you that the voting results in this workshop 
are an improvement over regular linear methods? 

1 2 3 4 5 6 7 8 9 10 
No improvement Not sure Definite improvement 

10. Do you think Influence Allocation Methods are appropriate to 
capture knowledge when developing expert systems such as 
Prospector? 

1 2 3 4 5 6 7 8 9 10 
Not appropriate Not sure Very appropriate 

11. Did allocating weights to participants (respect) used more of 
your knowledge in this group decision process? 

123 4 
Definitely not 

5 . 6 
Not sure 

7 8 9 10 
Definitely! 

12. How often did you allocate (relatively) equal weights to all 
participants when voting? 

1 2 3 4 5 6 7 8 9 10 
Never sometimes Often Always 

13. Would you consider the use of Influence Allocation Methods in 
the future? 

1 2 3 4 5 6 7 8 9 10 
Definitely not Not sure Definitelyl 

14. Would you recommend the use of Influence Allocation Methods to 
colleagues requiring group decisions? 

1 2 3 4 5 6 7 8 9 10 
Definitely not Not sure Definitely! 

15. How successful was this workshop for you? 

1 2 3 4 5 6 7 8 9 10 
Failure Somewhat successful Success I 

Comments are always appreciated: ____________________________________ _ 
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