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ABSTRACT 

This dissertation investigates the performance of a problem solving group whose 

members are constrained to comnnmicate only through a computer network, a situ

ation that has become connnonplace with advances in computer technology. 

The model of group decision making adopted specifies that the group outcome is 

a function of six independent variables. They are group size, the incentives offered to 

group members, the decision rule used to combine member inputs, the distribution of 

information among members, the complexity of the task, and mode of communication 

(face-to-face or computer network). The dependent variables are group decision 

quality and members' perceptions of the group process. 

A laboratory experiment was conducted to study the effect of the computer net

work on the dependent variables. The group task required the generation and evalua

tion of alternative production plans for a candy company that has five divisions, each 

of which was managed by a group member. The five managers worked together as 

members of the corporate connnittee to decide on the allocation of a limited amount 

of Milk and Cocoa to the divisions. Mter this allocation was accepted, each manager 

decided on his/her divisional production plan subject to a local constraint. Tlrree 

treatments were investigated: face-to-face (manual) groups, computer networked 

groups, and computer networked groups where the group members selected a Chair

man to make the allocation decision. Information about the common resources and 

the overall profit function was public while the division information was private, but 

could be shared over the network. The decision rule was unanimity and each member 

of the group received a cash payoff based on successful completion of the task and 
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the amount of company profit. 

Manual groups achieved the highest profit followed by computer groups, and 

computer groups with chainnan, in that order. Manual groups also achieved the 

highest distribution efficiency and divisional efficiency suggesting that the average 

member attained a better understanding of the problem in the manual condition. 

It appears that the computer network degraded group decision penormance and 

electing a chainnan exacerbated the trend. 

The satisfaction of members was lower in the computer conditions than the man

ual condition. Contrary to some past research that used roughly similar tasks, par

ticipation by group members was not felt to be more even in the computer conditions 

than the manual condition. Also, manual groups perceived their group process and 

solutions to be more effective than the computer groups. 

These results would seem to indicate that if high decision quality is the primary 

purpose of a group meeting then face-to-face interaction among the group members 

may be necessary even though creating such conditions may be expensive. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background for this Research 

The importance of group decision making in both govenunent and business has been 

persuasively docmnented by many authors (Hackman and Kaplan, 1974; McGrath, 

1984; Mosvick and Nelson, 1987; Hymovitz, 1988). Several disparate factors such as 

the proliferation of large organizations, the increasing democratization of the work

place, the success of the Japanese in utilizing the strengths of consensus decision 

making, and a general concern with national competitiveness have contributed to 

the recent surge of interest in group work. Emerging teclmologies such as shared 

databases and networking have further fostered this trend towards group effort, and 

observations about their impact on organizational meetings have appeared (Apple

gate et al, 1985; Dennis et al, 1988; Nunamaker et al, 1987). It has been found 

that some of these teclmologies elicit greater participation by group members while 

increasing task orientation and improving the quality of the final outcome. Given 

the fact that the losses caused by inefficient group meetings are very large (Mosvick 

and Nelson, 1987) the advent of these new systems could potentially bring about an 

order of improvement in organizational meetings. 

The prospect of being able to improve group work through computer teclmology 

has led to the development of Electronic Meeting Systems (EMS) comprising hard

ware, software and human facilitators. Such systems structure and mediate group 
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processes in an attempt to increase the probability of better outcomes and greater 

participant satisfaction and committment. They allow group members to interact 

in ways that would be impractical or even impossible, 'Without computer networks. 

Since the basic building blocks of EMS can be assembled in a 'Wide variety of ways, 

the needs of the group and the nature of the task it faces will obviously determine the 

final configuration chosen for implementation. In this work, we will use the phrase 

Electronic Meeting Systems (EMS) (Dennis et al, 1989) as an umbrella term that 

includes all the variants of computer support for group effort, whether the final ob

jective of the group is the production of ideas, achieving consensus (either majority 

or unanimity) or making a "good" decision. 

Research on the effectiveness of EMS has just begun and some positive evidence 

from the field has emerged, but it is largely anecdotal in nature and specific to nar

row contexts. For example, the strongest evidence for the effectiveness of EMS has 

come from those organizational applications that have benefitted from the ability of 

Athe software to maintain the anonymity of participants while allowing them to con

tribute sinrultaneously. Brainstorming is a typical task where the anonymous input 

of ideas aJ}ows group members to participate effectively 'Without rtlIming into nu

merous productivity inhibitors. Corporate meetings where particip;mts can express 

their honest opinions and evaluate each other's ideas solely on their merit, without 

deferring to powerful members, is another common application. Laboratory research 

has also yielded encouraging results that seem to confirm the potential of these new 

developments for improving the quality of group work in certain contexts (Valacich 

et al, 1989). 

There are only a handful of reports on field studies of EMS in problem solving 

applications (Gray, et al., 1981; Kull, 1982; Quinn, et al., 1985). Therefore, the 

evidence for the effectiveness of EMS in such environments is based almost entirely 
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on laboratory experiments (Steeb and Johnson, 1981; 'Throff and Hiltz, 1982; Lewis, 

1982; Beauclair, 1987; Gallupe, et al., 1988). Most of these experiments have used 

crisis management settings (e.g., survival in arctic conditions) where small groups 

have been required to generate and/or choose from alternative solutions to the prolr 

lem. In some of these studies the face-to-face groups have been supported with 

decision support software, and it has been found that they make better decisions 

than unsupported groups. 

But the evidence is by no means unanimous. Studies that employed other kinds of 

tasks have found that computer aided groups perfonned worse than tmaided groups 

or were no better than them (Watson, et al., 1988; Wmniford, 1989). The findings 

on group member satisfaction and confidence are also quite ambiguous with both 

increase and decrease in satisfaction and confidence over unsupported groups being 

reported. What combination of face-to-face interaction, computer support, and type 

of task is responsible for the better decision perfonnance and lower levels of satis

faction and confidence in computer-supported groups ? An answer to this question 

is urgently needed, especially at a time when the rapid development of EMS tech

nologies is "running far ahead of empirical demonstrations of their effectiveness:'. 

(Kraemer and King, 1988). It clear that until the contradictory effects of EMS are 

reconciled and explained through careful examination of specific system features and 

their effects on group process and outcome, their value for organizational decision 

making will be uncertain. 

1.2 Purpose of this Research 

Broadly stated, the purpose of this research is to contribute to the development of 

a firm empirical foundation on which further theory in EMS can be built. Unless a 
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body of theoretical and experimental work is created, it will impossible to Wlderstand 

or predict the effectiveness of this new technology in different situations. Successful 

systems may be carried over to, or imitated in, inappropriate contexts without any 

real Wlderstanding of why they worked at all in the original situation. Unsubstanti

ated claims will raise false expectations and result in the inevitable backlash. 

This research also attempts to bring the strengths of two subject areas related 

to EMS - Experimental Economics and Social Psychology - to bear on theory con

struction and laboratory experimentation in the new field. 

Experimental Economics has recently gained attention as a credible method of 
, 1 

exploring the essential features oflarge scale markets in the laboratory (Smith, 1982). 

In their attempts to ensure the validity and relevance of sinmlated laboratory markets 

to the real world, experimental economists have fOWld two issues to be of great im

portance for the final group or market outcome. These have to do with the incentives 

offered to the experimental subjects and the institutions or rules Wlder which they 

make decisions (eg., majority rule). The incentive structure should be "salient", ie., 

it should motivate the subject to attend to the experimental task during the whole 

course of the experiment. In particular, this rules out incentive that reward atten

dance and not participation. Also, the rules governing member contributions and 

the way in which these inputs are combined into a final outcome need to be clearly 

specified. This is, after all, the way most groups operate in the real world. 

However, a perusal of past research in EMS reveals a fairly widespread lack of 

experimental control with regard to these two variables. It has been observed that 

most past research has not controlled the incentives of group members, the decision 

rule used to arrive at the decision, and the complexity of the task (Wmniford, 1989). 

But as these issues have been examined carefully by experimental economists, there 

is a fund of accumulated experience that can be transferred to the EMS context. 
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Social psychologf has long been concerned with both group process and group 

outcome. It has also examined the nature of the task and its interaction with the 

group along dimensions such as group size, task complexity and the availablity of 

infonnation to group members. Further, the effect of intervention into group process 

has also been studied in great detail. Since the introduction of a computer based 

support system does constitute a fairly radical intervention into group process, there 

are many findings in this literature which are of great interest to EMS researchers. 

It might be supposed that since human beings find some mental tasks easier 

than others, the nature of the task that is performed by a group will have a large 

influence on the quality of the group's work. Such is indeed the case and is borne 

out by experimental work (Poole, 1985). An interesting research topic then, is to 

investigate the impact of EMS on diffent kinds of tasks so that the teclmology can 

be matched with group objective for max:innun benefit. 

In this research, we attempt to isolate and measure the effect of a computer 

network on the decision performance of a group working on an intellective task 

(McGrath, 1984). The group task involves resource allocation and calls for the gen

eration and evaluation of alternative production plans for a candy company. The 

group members used a comnnmication and voting tool called the Electronic Discus

sion System which is a part of the PLEXYS software toolbox (Pendergast, 1989). 

Detailed descriptions of the task, the software, the experimental environment, and 

the subject pool are given in Chapters 5 and 6 but at this juncture we have adequate 

background to set out our primary research question. When the members of a group 

confronted by a problem solving task are constrained to comnnmicate only through 

a computer network -

• How does the computer network affect the group solution, when compared to 
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a face-to-face group ? 

The results of laboratory experiments designed to explore this question seemed 

to indicate that face-to-iace groups were outperfomllng computer networked groups. 

It was observed that face-to-face groups seemed to rely on an "expert member" (as 

perceived by the other members) who emerged during the course of the discussion. 

This "expert member" was influential in shaping the final decision. Therefore, a 

second research question was added to see if this effect would help computer groups 

improve their petfonnance. 

o If the group selects a chairman to make its decision, what is the effect on 

solution quality ? 

1.3 Organization of this Thesis 

The contents of the next six chapters of this thesis are organized as follows. Chapter 

2 considers research findings in the discipline of social psychology as it is the most 

important of the source disciplines that underlie the subject area of EMS. Several 

theoretical constructs developed by social psychologists to understand and describe 

the nature of group behaviour are introduced. A brief and selective review of social 

psychology research on group decision making is presented using these concepts. 

Chapter 3 considers the potential contribution of the discipline of experimental 

economics and social choice to the field of EMS. It is mainly concerned with the 

impact of incentives given to experimental subjects and the decision rules by which 

a group makes its decision. 

Chapter 4 describes three conceptual frameworks that have been used to study the 

nature and impact of EMS. The current status of research in the field is summarized 
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in terms of these frameworks. 

Chapter 5 is concerned with the analysis and design of laboratory tasks and 

details the development of the experimental task used in this study. 

Chapter 6 contains a description of the experimental environment, the hardware 

and software used, and the results of the pilot study. 

Olapter 7 presents the data analysis and hypothesis tests. Chapter 8 sununarizes 

the findings, and briefly examines the implications of this study for future research 

and practice in EMS. 



CHAPTER 2 

GROUP PROBLEM SOLVING RESEARCH IN SOCIAL 

PSYCHOLOGY 

2.1 Introduction 

22 

This chapter introduces some conceptual background from the discipline of social 

psychology and looks very briefly at experimental work that is directly relevant to 

the current research. A "group" is defined first and the concepts of process loss 

and process gain are introduced. The role of task type, group process, and group 

resources are then discussed in terms of their impact on the final group outcome. 

Since comnnmication, verbal or non-verbal, constitutes most of the interaction be

tween the members of a problem solving group, its role is considered in the closing 

section. 

2.2 Group Problem Solving 

A group is defined as three or more persons who are interacting with one another so 

that each person influences and is influenced by the others (Shaw, 1981). Here, inter

action primarily means conummication, verbal or nonverbal, intended or unintended, 

by which group members influence each other. A collection of people in one place 

would not necessarily constitute a group tmless there were reciprocal awareness and 

influence. On the other hand, individuals who are widely dispersed physically, but 

who interact and nrutually influence each other through telephone lines or computer 
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networkS, closed circuit TV or radio, are indeed a group. This way of characterizing 

a group clearly demarcates our area of interest without arbitrary restrictions on the 

size, composition or form of the group. 

The peculiar attributes of group decisi.on making are a well accepted part of much 

organizational folklore. It is not necessary to consider the fonnal research literature 

to realize that there are basically two extremes of opinion about group work and 

its effectivenss. "A camel is a horse designed by a committee", and ''Two heads are 

better than one" , seem to encompass the spectnnn of reaction. In scientific terms, the 

reference is to process losses and process gains. According to the first view, process 

losses occur due to the interaction of group members and are to be subtracted from 

the potential output of the group to arrive at the actual output. The opposing view 

holds that process gains occur due to the same interaction of group members and 

are to be added to the total individual output of group members so that the whole is 

greater than the sum of the parts. Support for either of these positions can be found 

in the literature, most notably for process losses in Steiner (1972) and for process 

gains (in the form of an assembly effect), in Collins and Guetzkow (1964). Obviously, 

both can be true only if there are other dimensions of group process and outcome 

that can explain the apparent contradiction. For example, the nature of the group 

task may lead to either process gains, losses, or both, and the final outcome is the 

combination of all these effects. 

2.3 Performance Comparisons 

But what exactly is a group's ''potential'' productivity from which process losses 

will be subtracted and to which process gains will be added? That is, when a 

group performs a task, what is the appropriate standard against which to judge its 
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perfonnance ? Should we expect the group to do better than its best member, its 

average member, or its worst member? In order to systematically approach this 

question, we introduce some background and terminology used by Hill (1982). 

Interpersonal 
Context 

Isolated 
Coo.cting 

Isolated 

Coo.cting 

Dispersed, 
Coo.cting 

Perlormance 
Score .. 

IndiVldual 
Individual 
Individual 

Statistical Aggregate 
Best Member 

Pooled responses 
Complex Model 

Best Member 
Pooled responses 
Complex Model 

Group 
Group product 
Group product 

Abbreviation 
for condition 

I 
CI 

SB 
SP 
SM 
CSB 
CSP 
CSM 

DG 
CG 

Table 2.1: Individual and Group Conditions 

Interpersonal context, in Table 2.1, is either isolated, co-acting or dispersed. 

Isolated means the individual has no contact whatsover with other individuals and 

works on the task in isolation. Coacting means that individuals do not interact with 

each other, verbally or non-verbally, but are in the presence of each other. Dispersed 

means that the group members are not physical proximate. 

These distinctions became very important with the discovery of the phenomenon 

of social facilitation (Zajonc, 1965), which suggested that the mere presence of others 

could improve an individual's task perlormance. There is a vast amount of research 

on social facilitation and a review of 241 studies involving nearly 24000 human sub

jects (Bond and Titus, 1983) reached the following conclusions. 1) The presence of 
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others did not improve the quality for even simple tasks but it did increase the rate 

of output. 2) 'The presence of others decreased both the quantity and quality of 

output for complex tasks. 3) When subjects worked together on simple tasks, the 

gains that occurred were not as great as the losses that occurred when they worked 

on complex tasks. 

Performance score has three levels -individual, statistical aggregate, and group 

product. Individual means a single individual's score is used as a surrogate for the 

group's performance. 'The individual could be chosen randomly, or the group could 

be asked to choose its ''best'' member. Statistical aggregation utilizes a variety 

of weights and functions to combine individual member responses into a "group" 

response. Group product describes a situation where the decision rule is either clearly 

specified or allowed to emerge during the problem solving process. For exfu-nple, 

groups might be told to reach a decision through majority vote or told to reach 

"consensus" and left to implement the instruction by themselves. 'These alternative 

ways of arriving at a group decision give rise to more than one conception of the 

group's potential productivity. 

Steiner (1972) defines a group's potential productivity as "the maxinrum level 

of productivity that can occur when an individual or group employs its fund of 

resources to meet the task demands of a work situation." 'This statement is open to 

several interpretations (Miner, 1984) and it is possible to construct viable arguments 

for the selection of the performance of the average individual, the best individual in 

the group, or a complex statistical pooling fornrula, as the ''best'' indicators of the 

group's potential. However, these may not all be equally valid. For example, the 

use of average individual performance represents information that is available to the 

group before it arrives at an answer because the group members each others decision 

proposals. On the other hand, the perfonnance of the best individual can be known 
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only for certain kinds of tasks (maximizing tasks, where one member produces a 

higher profit than the others) or after completion of the task. Miner observes that 

the use of these criteria has led to nomlative statements of effectiveness that are 

potentially misleading. The performance of the best group member or use of a 

weighting scheme may be appropriate measures of process loss, but they should not 

be used to prescribe one process over the other since they are posterior indicators of 

performance and not explicit alternatives that are available to the members before 

the group decision is made. In our research, we will consider the average individual 

performance as a baseline without any implication that it is the "true" potential of 

the group. 

2.4 Conceptual and Experimental Background 

The categorization of group and individual conditions described above was used 

by Hill to carry out an exhaustive review of nearly 50 years of social psychology 

research on group performance upto 1981. She found that the research supported 

Steiner's theory of process losses but also suggested some evidence for process gain 

through cognitive stimulation, social facilitation and observational learning. Group 

performance was qualitatively and quantitatively superior to the performance of the 

average individual, but was often inferior to that of the best individual in a statistical 

aggregate. It appeared to confirm the belief that the performance of one exceptional 

individual could be superior to that of a conunittee, especially if the committee 

were trying to solve a complex problem, and contained a number of members of 

low ability. Hill's review also indicated thai; the important ~ables affecting group 

performance were the type of task perfonned by the group, the resources available to 

the group in the form of member abilities and its size, and the process that it used 

to arrive at its decision. Subsequent research has also confirmed the ~"llportance of 
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these variables in explaining the variability in perfonnance of groups (Poole, 1985; 

Bottger and Yetton, 1988; Burleson, Levine and Samter, 1984). In the following 

sections we consider each one of these variables and refer to typical experiments in 

the social psychology lita-ature where appropriate. 

2.4.1 Thsk Type 

The key to the effectiveness of groups lies in the way the members are required to 

combine their efforts. Take, for example, a group repairing a car where each member 

has a required tool. It may only be necessary for each member to bring their tool 

to one person who can then perform the repairs alone. On the other hand, it may 

be necessary for each member to sinrultaneously use his/her tool in a particular 

way. This obviously imposes higher co-ordination requirements on the group and 

also depends nruch more on individual skill levels than the first task. Steiner (1972) 

refers to the combination processes or decision schemes required to produce the group 

output as the ''task demands". He suggests that these demands vary depending on 

the divisbility of the task, the type of output required, and the combination rules 

required to complete the task. 

Divisible tasks can be broken down into subtasks that can be assigned to different 

members while unitary tasks cannot be so divided. Of course, it may be part of 

the group's challenge to find an optimal decomposition by structuring the problem 

adequately. This issue will be taken up in detail in chapter 5. Maximizing tasks 

require the group to achieve the highest possible score on some attribute and quantity 

is what counts. Optimizing tasks require the group to come as close as possible to 

the optirmnn solution. 

Social combination processes are based on the need to combine individual inputs. 
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Additive tasks involve adding individuals contributions to arrive at the group output. 

Compensatory tasks require a "statisticized" group decision derived by averaging over 

individual members' solutions. Disjunctive tasks can be completed if a single member 

can perlorm the task but conjunctive tasks can be completed only if every member of 

the group makes some minimum contribution. Discretionary tasks allow members to 

decide by themselves how they should combine their inputs. Any group task can be 

described in terms of these three concepts. In the current research we will consider 

a complex: problem solving task that is divisible, optimizing and discretionary. 

Steiner's typology describes the required interaction between group members in 

terms of the task, but it does not say anything about the nature of the each individ

ual's contribution. Insight into this aspect can be found in models of the problem 

solving process (Smith, 1988; Poole and Doelger, 1986) which indicate that most of 

the activities in both individual and group problem solving involve either generating 

ideas and concepts or choosing between them. It can be thus be reasonably stated 

that most group tasks require these t"wo activites in differing proportions. Problems 

may be entirely generative in character without any choice component, or the deci

sion alternatives may be given so that it is only necessary to choose among them. 

Based on this observation, it would appear that any attempt to differentiate usefully 

between various tasks should also inlcude the "generate" and "choose" dimensions. 

This is indeed the case with McGrath's circumplex: of task types (McGrath, 1984:60) 

which classifies tasks along four dimensions including the choose and generate di

mensions (Figure 2.2). 

The current research falls into Quadrant II spanned by the Choose and Generate 

dimensions. According to the author, the two kinds of tasks in this quadrant are 

performed by groups whose members cooperate to achieve group goals. They are 

creative tasks involving the generation of ideas and intellective tasks involving the 
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solution of problems with correct answers. 

One of the most famous and frequently used experimental tasks is called the 

NASA moon survival test. This test requires the subjects to imagine themselves 

crash landed on the moon 200 miles from base. All but 15 items have been destroyed 

and they are to be ranked according to declining contribution to survival on the trek 

back to base. Perfonnance on the task is a simple inva-se function of the weighted 

stUn of absolute differences between subject assigned ranks and the correct ranks as 

determined by the Crew Equipment Research Unit at NASA Individual subjects are 

usually allowed about 10 minutes to complete the task while groups are allowed 30 

minutes. 

2.4.2 Interventions into Group Process 

Huber (1980) identifies brainstorming, the nominal group technique, and the delphi 

technique as the three main decision making procedures that have been used in the 

past to augment the problem solving capabilities of groups. All these procedures 

attempt to intervene in, and shape, the interaction between members to improve the 

final group outcome. 

Brainstorming is a synchronous idea generation technique that attempts to 

stinmlate the creativity of group members by making it conducive for them to build 

on the contributions of others (Osborn, 1957). Group members present ideas that 

are usually recorded on a blackboard that can be seen by all members. The rules 

prohibit evaluation or criticism and encourage members to improve or combine ideas 

already suggested. Though Osborn suggested that brainstorming would considerably 

increase the quality and quantity of ideas produced by group members, the bulk of 

the empirical evidence goes against this claim (Milton, 1965; Bouchard and Hare, 
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1970; Madsen and Finger, 1978; Maginn and Harris, 1980; Pape and Bolle, 1984, 

Diehl and Stroebe, 1987). On the surface it would appear that groups should be 

more effective than individuals because of social facilitation effects, larger amount 

of available information, and the cognitive stinrulation and supportive atmosphere. 

Why has actual performance been so Imlch below expectations? Several causes 

of process losses have been identified in the literature (Diehle and Stroebe, 1987). 

The first factor is evaluation apprehension and refers to the fear of negative evalua

tion of ideas that may cause members to withhold them (Lamm and Thommsdorff, 

1973; Harm and Graham, 1977). Diehl and Strobe (1987) found that productiv

ity decreased in the presence of high evaluation apprehension. On the other hand, 

anonymity has been shown to improve productivity in idea generation (Connolly 

et al, 1989). The second factor is called free-riding and occ:urs when members do 

not make an effort but coast on the efforts of the others in the group. It has been 

suggested that disjunctive tasks promote free-riding while additive tasks dampen it, 

especially if the task is challenging (Kerr and Brun, 1983). If group members believe 

that their efforts are not necessary or dispensable, they are more likely to free-ride 

(Diehl and Stroebe, 1987). Such be..havior may, therefore, increase in larger groups. 

The third factor is production blocking and occurs because all members cannot par

ticipate sinrultaneously. As a result, ideas may be forgotten, swept aside or censored. 

This is especially the case when the group does not have a "memory" and comments 

are lost if they do not register immediately. 

The nominal group technique permits only limited conmnmication among group 

members under highly restrictive conditions. It was developed in order to reduce 

the deleterious effects of uncontrolled group interaction, including the productivity 

inhibitors mentioned above. In this technique, participants individually write their 

ideas on paper and then, in a structured round-robin fashion, each member presents 
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one idea to the group. There is no discussion during this process till all the ideas have 

been recorded. In the next phase each idea is individually discussed by the group 

and when all have been discussed the group members individually ranks the entire 

list. The member rankings are statistically pooled to arrive at the group decision. 

Studies that have compared the effectiveness of interacting versus nominal groups 

for idea generation tasks have largely found that the nominal groups perfonn better 

both in terms of number of ideas generated as well as their quality (see the review 

by Lamm and ']}omsdorff), but some studies have found the opposite (Burleson et 

al, 1984). 

The delphi technique is useful when respondents are dispersed, where anonymity 

is desired, or when participants have severe differences of opinion (Huber, 1980). It 

invOlvES a process of solicitation and comparison of anonymous judgements on a topic 

of interest through a set of sequential questionnaires that converge to consenus. After 

the first round of data collection, the responses are summarized and sent back along 

with a finer grained questionnaire that concentrates on resolution of outstanding 

differences. This technique was carried out in the past through the mail and therefore 

required a lot of time. Also, it eliminates any potential benefit from interaction 

between group members. 

2.4.3 Group Resources 

It is generally accepted that a group's perfonnance is a positive function of its mem

bers' ablities (Shaw, 1976; Hoffman, 1979). While increases in team size expand the 

resources available to the group (Hare, 1976) process losses also increase due to the 

increased complexities of group coordination and the net result of adding members 

may be negative. But if the combination processes used by the group also increase in 

sophistication and e..fficiency it may be possible to reach a larger group size before the 
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effects of increased coordination complexity begin to dominate. The interaction be

tween resources (ability X size) and the decision schemes used have been considered 

in considerable depth by Yetton and Bottger (1983, 1988). 

In their first study, Yetton and Bottger studied individuals working on the NASA 

moon e."{ercise and found support for three propositions about the perfonnance/size 

relationship. Firstly, they found that the gains from group size increase at a de

creasing rate and that there there were no performance improvements beyond four 

members. Secondly, the slope of the performance/size relationship is moderated by 

the decision scheme that the group uses to aggregate member inputs. Lastly, inter

acting groups show a stronger performance/size trend than groups with low ability 

members. The authors note that their findings generalize across different task types 

(Libby and Blashfield, 1978; 'Trotman et al, 1981) and conclude that it would difficult, 

at least with respect to group size, to justify groups larger than five members. 

In their second study, the authors integrate process and outcome oriented theories 

of group decision making into a model of group problem solving. In this model 

performance is a function of group resources and strategies for their use. Resources 

are defined as the joint task knowledge of a group's tVwu most expert members. It is 

found that when there are at least two members with high quality lmowledge that 

knowledge is likely to be used and given explicit consideration in the group's decision 

scheme. If there is no such plurality, access to the best lmowledge is facilitated by 

effective conflict management. The task used is again the NASA moon problem. 



34 

2.5 Group Process and Comlnunication 

Much of the interaction in groups is actually comnnmication, verbal or non-verbal, 

by which members influence each other. Non-verbal cues may supplement or con

tradict verbal messages, suhstitute for words, express emotions, and regulate the 

interaction as for instance when a look from one member to another is taken as a 

signal to fall silent or talk. 'Iraditionally, both researchers and the lay public have 

assumed that interaction among group members is necessary for achievement of high 

quality decisions. It is claimed that better decisions are produced by generating, 

testing, and validating ideas in the crucible of social interaction (Hirokawa, 1982). 

However, several researchers have suggested that rather than being a positive force in 

decision-making, social ineraction among group members may actually hann the de

cision making process and result in lower quality decisions. An early paper by Helmer 

(1967) identifies several deficiencies in natural group interaction that include unjus

tified compromise among divergent vie'WS, clinging to publicly expressed opinions, 

susceptibility to specious persuasion by forceful members or assumed authorities, 

and bandwagon effects resulting from unwarranted majority opinions. Lamm and 

'nommsdorff (1973) argued that the most important cause of the inferiority of real 

groups is the rule that only one group member speaks at a time. 

A useful theoretical perspective on the role of comrmmication in group decision 

making is offered by Poole and Hirokawa (1986). For purposes of analysis they 

identify two "Ways in which coIDIInlIlication enters into group decision making. At 

an elementary level comnrunication is the medium of group interaction and hence 

the channel for the effects of group decision processes and outcomes to actually 

manifest. This is a passive function when compared with the constitutive effect of 

comnnmication where it operates to create the social reality in which group processes 
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and decisions take place. This second view implies that comIIDlDication is the actual 

substance of decision making rather than a channel or medium. Most theories can 

be located along a scale that has these two positions as end-points. The kinds of 

questions addressed, the explanations offered, and the method of inquiry adopted 

all depend on the relative weighting accorded to the mediational and constitutive 

components of comnnmication. The authors then provide a brief analysis of the two 

aspects as follows. 

If comnnmication is regarded as only a medium, the group decision must be 

explained in conjunction with other input and context variables such as the group 

size, composition, task type and comple...aty. Decision behavior and outcome are 

influenced also by the nature of interaction processes in the group such as polarization 

and leadership style. For example, since group size is negatively correlated with 

average member input, it influences the amount of critical discussion about ideas 

and so affects decision quality (Shaw, 1981: Chap 6). In the same way, members' 

knowledge is broadly useful to the group only to the extent that the technology or 

medium is conducive its expression. Thus, in this view comnnmication is a passive 

medium that transmits the effects of exogenous factors that really determine what 

happens in a group. 

The second view regards comnnmication as a constitutive force through which the 

form and substance of decisions are worked out. Since embryonic decisions can be 

regarded as emerging texts or developing ideas, there is a great overlap between the 

form and the content of comnnmication, and the processes of accunrulation, deletion, 

elaboration, and alteration of premises can be traced (Fisher, 1970b). Decisions are 

also social products and are embedded in "social reality", or the group conte.xi;. 

Communication processes are the primary means through which the social reality is 

created and therefore provide the basis on which the decision rests. The shaping of 
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this group context includes creation of shared assumptions, strategies for maintaining 

coherent decision activities, and retrospective fommlations and rationalizations that 

draw together disparate and disjointed activities into a decision (Garfinkel, 1967). 

2.5.1 Communication Networks 

If there are regular patterns of information exchange among group members, a com

nnmication network is said to exist in the group. These patterns of comnnmication 

could either be set in place formally or develop informally over time. The earliest 

studies of comIIDJDication networks were carried our by Leavitt (1951) who e.~ed 

four types of networks. In the ''wheel'' network one person communicated with ev

eryone but the others could comnnmicate only with the nub- person. In the "chain" 

network information travelled sequentially. In the ''Y'' network only one person could 

comrmmicate with more than one other person. In the circle, all members could in

teract with the persons on either side. This and subsequent studies have shown 

that one of the most important features of a network is its degree of centralization 

(Shaw, 1964, 1978). Groups use the hub as the infonnation processing center and 

the member at the hub collects and synthesizes infonnation before sending it back 

to the others. Centralized networks were more efficient than decentralized networks 

for simple tasks but for more complex problems the reverse was true. However, 

evidence indicates that peripheral members in centralized networks are often dissat

isfied. Thus a group's network not only structures comnmnication but also influences 

a variety of group and individual outcomes including performance and satisfaction. 
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2.6 Conclusion 

This chapter introduced the concepts of process losses and gains. A group's potential 

as well as actual penormance was found to be affected by the type of task it faced, the 

manner in which the group discussion was conducted, and the resources available to 

the group. The role of comnmnication and its impact on group process and outcome 

was outlined. The next chapter is on Experimental Economics and examines the 

issues that have been dealt with in that literature and which could be of use to the 

EMS area. 
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CHAPTER 3 

GROUP DECISION MAKlNG AND EXPERIl\tlENTAL ECONOl\1ICS 

3.1 Introduction 

The discipline of experimental economics and social choice (EESe) has emerged from 

the pioneering efforts of Vernon Smith (see Smith, 1982) who first successfully repli

cated the essential features of large scale markets in the laboratory. 'Iraditionally, 

theories of economic and social choice bad not only originated, but also been val

idated and accepted, almost entirely in the minds of economists. They conducted 

thought experiments and mental sirrrulations of how people would behave under dif

ferent market conditions and justified their theories with mathematical reasoning or 

by fitting models to data. Field experiments were thought to be infeasible because of 

the large costs involved and the political questions raised by intervening in real life 

situations for experimental purposes. It was believed that markets were simply too 

complex and dynamic to be usefully modelled in the laboratory. The major drawback 

of this approach to theory construction was a complete inability to address questions 

about the external validity of proposed theories before policy based on them was 

actually implemented, sometimes with tme.."q)eCted consequences. 

But once Smith showed that it was pos:,ible to sinrulate markets in the laboratory, 

economics joined a host of other disciplines that use computer models to explore the 

effects of proposed changes in the laboratory before incurring the costs and conse

quences of real world implementation. By the 1970's these laboratory techniques 



39 

were also being applied to non- market allocation processes like committee decision 

making and provision of public goods. 

In order to ensure the validity of experiments using laboratory models experi

mental economists have carefully examined the relevance of controlled experiments 

to the real world. They have considered four issues in great detail - (1) the number 

and characteristics of e.'q>eri.mental subjects (2) the institution or decision rule(s) 

under which the subjects interact (3) the incentive offered to the subjects for partic

ipation (4) the representativeness and complexity of the laboratory task. Of these 

four items, the first is endemic to any program of laboratory experimentation and is 

a well researched and discussed topic in the area of experimental design. The second 

and third issues concerning institution and incentive will be taken up at length in 

the rest of this chapter. Also, their interaction with the task will be e.'q)lored as 

a backdrop to detailed discussion of the nature and role of the laboratory task in 

chapter 5. 

3.2 Subject Incentive and Reward Medium 

One of the important tenets of the e.'q)erimental economists is that in order for an 

experiment to be useful it must be shown that the subject has an incentive to attend 

to the experimental task. Regardless of how the subject arrives at the laboratory, 

once he starts on the task the reward system should motivate his actions. This may 

seem an obvious requirement but it is a very common failing in many experiments 

in group and individual decision making. It occurs most commonly because subjects 

are paid for their attendance and not for their performance. There is a "show-up" 

fee and once the subject receives this amount, the intrinsic relevance of the task is 

the sole motivating factor apart from the subject's sense of obligation. This is like a 
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management paying its employees for their presence rather than their performance 

(Isaac et al., 1988), and hoping that the drive to "do a good job" will ensure that 

employees make their best effort. Experimental Economics, on the other hand, has 

tied the major portion of subjects' reward to their performance at the task. 

The next question that arises concerns the medium. of reward. Course credit 

has been used as the incentive in experiments with student subjects, but mostly in 

"show-up" form. It is possible to develop a course grade incentive that varies with 

level of perlormance only if the experiment is conducted as an examination and this 

was not feasible in the current research. The other alternative is to use money. . 

Money is the most fungible medium available because it can used to obtain many 

different kinds of reward. It should therefore be fairly similar in its effect on all peo

ple, students or otherwise. Monetary rewards may affect performance by influencing 

a person to set a goal or by increasing goal acceptance, but some researchers have 

suggested that the effects of monetary rewards are independent of the goal-setting 

process (Pritchard and Curts, 1973; Terborg and Miller, 1978). Others have empha

sized that an incentive system based simply on performance may have a different 

impact on a goal-setting program than an incentive system based on goal attain

ment (Mowen, Middlemist and Luther, 1981). They have argued that performance 

under difficult goal conditions should be enhanced by performance based incentive 

programs, but discouraged by goal-based systems. The reason given is that under a 

performance based system an individual would be less discouraged by a difficult goal 

since he would be paid for whatever performance was achieved. In the goal based 

program the reward would be uncertain because of the difficulty of the goal. 

Some of these effects were observed by Wmniford(1989) in her experiment with 

financial incentives. She observed that - (1) not all groups seemed to realize that 

the longer the group took to make a decision, the less their payoff per unit time. 
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(2) Some subjects seemed willing to participate only for a certain amount of time 

though they would earn more if they continued working. (3) To some subjects, the 

hourly rate was the incentive mechanism, to other subjects it ""CiS the final payoff. 

(4) Subjects concerned with the hourly rate were intent on getting an acceptable 

solution quickly, while those concerned '\Vith the final solution did not care how long 

it took. (5) Some subjects expressed a strong desire to "get the right answer" and 

were quite disappointed that it was not disclosed at the end of the session. Wumiford 

concludes that the incentive to pursue the task was not constant across all subjects. 

The incentive structure in the current research was designed to deal with these 

shortcomings. A sum of two dollars was offered for completing the task according to 

the e.~ental rules, with the e."q)ectation that the goal setting response evoked 

would focus on completing the task. The other component of the payoff function 

was a percentage of the quantitative performance measure (the profit of a candy 

company) and served to accomodate the salary effect. 

3.3 The Impact of Communication and Decision Rules 

Researchers in different disciplines are often unaware of the overlap between their 

areas of interest and so forgo many opportunities for fruitful cross- fertilization. For 

example, both EMS and EESe researchers have been interested in group decision 

making but have focussed on different aspects (Isaac, et al., 1988). While EESC 

has been almost entirely outcome oriented, EMS has been concerned mostly with 

facilitating the group process through which the outcomes are realized. EESC re

searchers have approached group decision making with well developed theories that 

have spawned a host of testable conjectures in terms of expected outcomes. EMS 

researchers, on the other hand, have had to rely on the discipline of social psychology 



42 

for their theoretical tmderpinning. Unfortunately, group behaviour is a very complex 

phenomenon and there is no consensus among social psychologists even on basic is

sues. For example, it is not yet clear whether groups outperform their best member 

and social psychologists have been forced to look for explanations in the process by 

which a group output is produced. Thus, the difference in orientation between EESe 

and 1.11S has been partly the result of the underlying theoretical basis, or lack of it, 

of the two subject areas. 

The basic approach in Social Choice research is to assume that each member 

of a group has a set of fixed preferences for some collection of alternatives called 

the choice set. The group IIlllSt evaluate these choices and then rank order them 

or choose some subset (possibly one) of them. Its main task, then, is to map the 

individual preferences into a group choice or outcome. The decision rules by which a 

group outcome is achieved is an independent variable in Social Choice research, and is 

explicitly controlled or manipulated as part of the experimental design. However, the 

interaction among group members is limited to a small vocabulary or set of actions 

required by the particular experimental setup, for example a decision to contribute 

at a certain level, or not at all, in experiments on the provision of public goods. 

This is a severe limitation on the committee members because when it is rela"Ced 

even slightly by allowing limited face to face comnnmication as in Isaac and Walker 

(1986), the tendency to free ride is considerably ameliorated. 

Social Psychology has concentrated mainly on the subtleties of the communication 

process and largely ignored the impact of the institution under which the participants 

interact with each other. While there is some theoretical and empirical work under 

the broad heading of social-decision schemes, explicit concern for the institution is the 

exception rather than the rule. The focus is usually on the comnn.mi.cation processes 

in the group and the institution is not clearly defined but allowed to emerge during 
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the session. But this raises the threat of severe confOtmding because it has been shown 

that the decision rules can have a major effect on group process and outcome, both 

in laboratory experiments and in the real world. For example, Coombs et al. (1984) 

analyzed about 5000 to 6000 of the complete ballots (that ranked all candidates for 

the office) in five presidential elections of the American Psychological Association. 

They used different methods inlcuding the Borda system, plurality voting, and the 

Hare system to aggregate the individual ballots and fotmd that none of the methods 

led to the same group ranking. In only two of the five elections did the different 

methods agree on the winner. In the other years the winner would have depended 

on the election system used. 

3.4 The Laboratory '!ask in EMS and EESC 

The laboratory tasks used in experimental economics and EMS studies clearly reveal 

their different research concerns. EMS research attempts to explore the impact of 

new technologies on organizational decision making by sinmlating such environments 

in the laboratory. Experimental economics on the other hand, avoids hypothetical 

decision making and adresses the testing of formal mathematical models. The two 

different viewpoints can be seen in the context of committee decision making, which 

is an area of interest to both disciplines. 

Many of the mathematical models of the outcomes of committee decision mak

ing are based on game theory and coalition theory. As a result, the tasks used in 

economics experiments have been constructed to make it easy to compare the actual 

outcomes with theoretical concepts like the core. Only those features of the task 

that correspond in some useful way to concepts in the theory are considered salient 

and it is ensured that other cognitive inputs like the subjects' political and business 
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preferences are not invoked by the task. This leads to somewhat bare-boned exper

iments because any attempt to flesh out the context of the experiment might elicit 

confounding responses from the subjects. 

If tight experimental control is the dominant theme in experimental economics, a 

sharp contrast is available in some of the work in EMS. One reason for this has been 

the lack of understanding in social psychology of what really goes on in a group during 

a decision making session. Without at least a first-order understanding of group 

processes, it is difficult to know what is being controlled when a set of experimental 

conditions is imposed. But even if allowance is made for the tremendous comple.."Ci.ty 

of group behavior and the lack of theoretical guidance, there is room for considerable 

tightening of experimental control in EMS studies. 

3.4.1 Committee Decision Making: EESC 

The e..~ent of Fiorina and Plott (1978) illustrates some of these issues nicely. 

Committees of five were formed and each member was assigned a particular point 

(x,y) on a blackboard. They were then asked to select, using majority rule, a single 

point (X,Y) with X between 0 and 200 and Y between 0 and 140. Each member's 

payoff was in proportion to the distance of the final "group" point from his jher 

assigned point. The design of the e.."q)eriment was chosen because of the need for 

calculating game theoretic and coalition concepts such as core, minimum winning 

coalitions, fair point, Von Neumann Morgenstern solution. The rules of the exper

iment prohibited attempts to maximize group payoff and settle up afterwards, and 

this reflects the salient points of a budget negotiation. 

Hoffman and Plott (1983) extended this work by allowing pre- .meeting COIllIlDl

nieation and then imposing Robert's Rules of Order on the meeting. They found 
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indications that pre-meeting comnnmication nudged outcomes towards the coalition 

choices, but that Robert's Rules ameliorated this tendency. The authors conclude 

that institutions induce behavior which influences the amount of information openly 

generated in the committee. They were not interested, however, in how satisfled. the 

members felt and how IIIl1ch they agreed over the final decision, but these axe the 

sorts of issues that EMS research addresses. 

3.4.2 Committee Decision Making: EMS 

Watson et al., (1988) investigated conflict resolution using an experimental task that 

required committees of three and four subjects to allocate a given sum of money 

among six competing projects that have requested money from a philanthropic foun

dation. The six projects correspond to different personality traits and there is conflict 

among members of the committee because different personalities lead to different 

preferences for the projects. The task was refined and validated on a sample of 100 

students over a period. of six months till the amount allocated to a project by an 

individual was significantly correlated with that person's values as measured by the 

study of values instrument (Allport, et al., 1970). This correlation was significant 

in the experimental sample of 300 students also and was measured as part of the 

experiment. The three treatment variables in the experiment were manual support 

(paper and pencil, flipchaxt), GDSS support, and no support at all. 

First, subjects individually allocated funds to the six projects and from these 

allocations the amount of pre-meeting consensus was calculated. They then worked 

as a group and again allocated funds to the six projects. The experimental rules 

specified that the items on an agenda sheet (define problem, define selection criteria, 

define alternatives, rank alternatives, vote, etc.,) were to be followed but the group 

could choose the order in which it took up the items on the agenda. 
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The results indicated that there was no difference in the mean levels of post

meeting consensus among the treatments. But there was a positive correlation be

tween the degrees of consensus before and after the meeing in both the GDSS and 

manual groups. By providing a structure for the discovery of the initial level of 

consensus and building upon it, both these treatments appeared to facilitate conflict 

management in groups. 

GDSS groups reported more input into tre group decision and were less likely to 

perceive any leadership behavior. They "expected the computer to produce the solu

tion for them" and sometimes the computer system became an end in itself. A very 

unexpected finding was that GDSS groups, compared to the other groups, thought 

that the issues discussed were more trivial and the group process less understandable. 

The conclusion drawn by the authors is necessarily tentative and advocates that 

GDSS research should press ahead to sort out the intended technological effects like 

faster processing and more equal participation from the unintended social effects like 

heightened social conflict. 

3.5 Conclusion 

Our short review has revealed that there are useful ideas and teclmiques that EMS 

researchers can adopt from the discipline of experimental economics and social choice. 

We end this chapter by quoting from one of the earliest suggestions for such a transfer 

of technology -

Both GDSS literature and EMS literature have studied the effects of 

information Hows on the group process. Economics has focussed on the 

total amount of conmnmication between participants at different phases 

of the process, while GDSS has looked at the effects of different types 



of communication on that process. As both appear to &"'fect the group 

work, continued study of the group communication is necessary ..... 

A systematic study of the group process, controlling for the effect of the 

institution, would lead to better inter-experiment validity, while studies of 

the effects of different institutions would further knowledge in directing 

the process and outcome of group work. Isaac, Pingry and Winniford 

(1988) 
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CHAPIER4 

FRAMEWORKS FOR EMS RESEARCH 

4.1 Introduction 

The last two chapters have delineated the different contexts in which the issues 

of group process and outcome have been studied. In this chapter we describe some 

frameworks that have been proposed for research into the nature and impact of EMS. 

The place of important variables like group size and the type of group task in each 

of them is outlined and existing experimental research in EMS is then summarized 

using one of these frameworks. A basis is thus established for the subject of the next 

chapter which concerns the design and development of the task used in this research. 

4.2 The Evolution of EMS 

Electronic Meeting Systems have emerged only in the eighties as a distinct area of 

study within the academic discipline of Management Infonnation Systems (Kraemer 

and King, 1988). One factor responsible for this has been increasing use of commit

tee decision making as a practical and effective way of managing large and complex 

organizations. Since the issues involved in managing large organizations are too nu

merous for any single individual to adequately comprehend and analyse, group input 

becomes important, at least in a supporting role. Huber has noted that though deci

sion makers find that they have to attend an increasing nwnber of lengthy meetings, 

they are beginning to resist them because such meetings take away time from other 
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critical activities (Huber, 1984). The GDSS movement is an attempt to utilize tech

nology to make meetings more productive. Ideally, a GDSS would improve both the 

speed and quality of group decision making. 

Kraemer and King point out that there is little agreement in the literature about 

what constitutes a GDSS, and that the term is rarely defined explicitly. Recently, 

Dennis et al introduced the much broader term Electronic Meeting Systems (EMS) 

to refer to a whole range of computer support variously referred to as group deci

sion support systems, computer supported cooperative work systems, and computer 

mediated conmnmication systems (Dennis et al, 1989). According to Huber, the 

components of GDSS - hardware, software, procedures and people - are arranged 

to support a group, usually in the context of a decision- related meeting. He also 

identifies the common activities that occur in a group as information retrieval, in

formation sharing and information use. Information retrieval includes elicitation of 

attitudes and opinions from group members as well as acquisition of data from stor

age. Information sharing can involve all members or only a subset of the group, 

and is accomplished either by public display or selective distribution. Information 

use refers to application of the software, procedures and techniques available to the 

information that is retreived and shared in order to arrive at a group decision. 

De Sanctis and Gallupe (1987) maintain that "supporting group decision making 

primarily involves changing, in a positive direction, the interpersonal exchange that 

occurs as a group proceeds throught the problem solving process ". According to 

them, the primary function of a EMS is to influence the patterns of comnumication 

in the group and the larger the change in comnumication induced by the technology, 

the more dramatic the impact on decision processes and presumably, on outcomes. 
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4.3 Conceptual Frameworks 

What features of EMS affect the quality of group decisions? How exactly is the 

quality of a decision measured ? What is the inteaction bet-ween the task and the 

EMS ? What effect does the EMS have on the satisfaction of the participants ? Iu 

order to answer questions like these we need a framework in terms of which we can 

carry out our discussion. That is, data can be collected and analysed efficiently only 

with reference to some underlying model of the process of inta-est. As Kerr has 

observed - ''Social interaction in decision making groups is characterized by such 

variety, complexity and apparent disorder that it seems to defy neat analysis. The 

key difficulty seems to be choosing an appropriate aspect of the group's behaviour for 

observation."{Kerr, 1982). This choice can be properly made only if we have a clear 

conceptual overview of the phenomenon of EMS, and we now tum to a consideration 

of three frameworks that have been proposed for EMS research. 

4.3.1 The DeSanctis and Gallupe Framework 

De Sanctis and Gallupe propose a contingency approach to the analysis and design 

of E:tvIS and develop a taxonomy of variables. They observe that a group decision 

results from interpersonal comnnmication, and that the patterns of comnnmication .' 

among members reveals the group's approach to decision making. Communication, 

they claim, is the crux of group decision making and their model is based on the 

premise that the primary aim of EMS is to alter the comnnmication process within 

groups. They suggest that the design of decision support systems be driven by three 

factors: the size of the group, the proximity of the group members and the presence 

or absence of face-to -face interaction, and type of task confronting the group. 
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• Group size is categorized only as small or large because the authors feel that 

more precise classification would have to take the decision context into acCOl.ll1t. 

• Proximity has t'\\U categories and depends on whether group members meet 

face-to-face or not; anonymity does not appear explicitly in the model but as 

one facet of proximity. Using these t'\\U variables, the authors construct four 

different scenarios. 

• Task type is based on McGrath's circwnplex model of group task types (Mc

Grath, 1984) which categorizes task types according to what the group must 

accomplish during the course of its meeting. 

The following description is taken from DeSanctis and Gallupe -

Major group goals in decision -related meetings include: (I) GENER

ATING ideas and actions. Planning tasks require generation of action

oriented plans. Creativity tasks require generation of novel ideas. (2) 

CHOOSING alternatives. Intellc:dive tasks require the. selection of the 

correct alternative. Preference tasks require selection of an alternative 

for which there is no objective criterion of correctness. And (3) NE

GOTIATING solutions. Cognitive conflict tasks involve the resolution 

of conflicting viewpoints, and mixed-motive tasks involve resolution of 

conflicting motives or interests. 

Putting together the elements described above results in the following three di

mensional framework, within which three levels of support are identified. 

Levell systems improve the decision process by facilitating information exchange 

amon members. They provide technical features that assist in conmnmication such 
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as large screens for instantaneous dispaly of ideas, voting solicitation and compila

tion, and anonymous input of ideas and opinions. Level 2 systems provide enhanced 

modelling and group decision making and structuring techniques such as social judge

ment formation methods, nmltiattribute utility analysis and risk analysis. Level 3 

systems turn over more of the conduct of meetings to computers and can include 

artificial intelligence capabilities to filter and structure information exchange. They 

could apply rules to change the nature of the comnnmication channels depending on 

the content, timing, or other factors in the group discussion. 

4.3.2 The Isaac-Pingry-Wmniford Model 

The five dimensions of this model are group size, the incentive for accomplishing 

the group task, the decision rule used to determine group outcome, the distribution 

within the group of information needed to solve the task, and the complexity of 

the task. They were extracted from a review of group process models in social 

psychology and laboratory work in experimental economics. FUrther infonnation on 

these sources is available in Wmniford (1989). These dimensions, in conjunction 

with a EMS, detennine the group outcome. This model was developed in order to 

create a foundation for a controlled experimental environment where the constituent 

variables could be manipulated and investigated. It is not a comprehensive model 

of group process but includes those variables that are believed to be important and 

which have not been adequately controlled in other research models. She classifies 

the different variables used by authors in the Social Psychology literature in tenns 

of her conceptual model in the following table. 
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• A group's size is one of its most obvious characteristics and has been considered 

in various guises. It is incorporated as a property of the group by some authors 

(eg, McGrath, 1984) while others have subsumed it under resources available 

to the group (Steiner, 1971). The principle of least sized groups says that 

groups should be as small as possible subject to the availablity in the group 

of the necessary skills and information. This statement confounds size with 

the nature of the task confronting the group but it is only an indication of the 

difficulties involved in attempting to characterize anyone of these variables in 

isolation. 

• The decision rule specifies how the group should make a decision. Voting 

mechanisms are examples of decision rules. A decision rule may be used to 

, direct the flow of member contribution and participation even if there is no 

choice to be made. 

• The incentive mechanism ensures that the subject's reward is salient to his 

decisions. It provides better control over the level of effort expended by ex

perimental subjects and thus avoids confounding between effectiveness of task 

performance and level of effort put forth. It can also be used to influence the 

competitive versus coperative nature of the group. 

• The information distribution concerns the availablity of facts as well as higher 

level constructs, such as models, to group members. Obviously, the private 

knowledge of group members is included in information. 

• The task complexity is usually measured by the number of elements in the 

system and the degree and nature of the interaction between them (Simon, 

1964). However, in the IPW model the number of elements is alone taken 

as a measure of complexity since the degree and nature of interaction of the 
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elements is determined by the distribution of infonnation, the decision rule and 

incentive mechanism. By separating out the influence of these variables, it is 

claimed, the model offers better control over them. 

4.3.3 The Pinsonneault and Kraemer Framework 

'This framework was presented very recently by the authors for analyzing the impact 

of infonnation systems on groups. They divide EMS into two broad types of systems 

• Group Decision Support Systems (GDSS) 

• Group Communication Support Systems (GCSS) 

GCSS are infonnation aids whose primary function is to reduce comrrrunication 

barriers and thus support the comnrunication process between group members. These 

systems provide infonnation storage and retrieval, representational capabilities like 

graphing and plotting, and facilities for idea generation, collection and compilation 

(Zachary, 1986; Bebasaat, 1988). Examples of GCSS include electronic mail, tele

conferencing, and local group networks. 

GDSS are systems that attempt to give structure to the group decision process. 

Zachary has characterized such aids as process models, choice models and reaonsing 

models, while Benbasat and Nault call them structured group techniques. 'This kind 

of assistance is included in Level 2 of the DeSanctis and Gallupe framework. Exam

ples of GDSS include software that helps in the aggregation of preferences, decision 

trees, decision support with modelling capabilities (statistical, linear programming, 

etc.,), and multittribute utility methods. 
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'Three broad sets of factors - the group context, the group process, and the task 

related and group related outcomes of group interaction - form the main dimensions 

of the framework. These particular dimensions were chosen because -

The broad theoretical notion is that electronic meeting systems facilitate 

group process through enhancing group capabilities, removing barriers 

to group interaction,improving the group in its task, and building or 

reinforcing the social value of the group to its members through successful 

task performance. Thus, our framework and nmch of the MIS research, 

focuses on identifying the effects of electronic meeting systems on group 

processes while controlling for the effects of the other contextual variables. 

Group process in turn influences task related outcomes which conjointly 

with group process, affect group-related outcomes. Pinnsoneault and 

Kraemer 

The following descriptions of the variables are taken from the same paper . 

• Group context is the first set of factors and includes the following variables 

- personal factors, situational factors, group structure, technological support, 

and task type. 

1. Personal factors that have been found to affect group process are the 

attitude of group members toward working in groups, member ability, 

member motives, and member background. 

2. Situational factors found to be important include the reasons for group 

membership, the existing social networks between group members, and 

the stage of development of the group. 
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3. Group structure has five aspects that influence group process. These are 

work group norms, power relationships, status relationships between the 

members, group cohesiveness and density of group (a composite of size of 

group, size of room, and distance between members) 

4. Technological support refers to GDSS or GCSS, the degree of support 

provided (eg.,chauffered or user configured), degree of anonymity, and 

whether a facilitator is present. 

5. Task characteristics are very important in explaining the variance of the 

performance of groups. Among these the most important have been found 

to be the degree of complexity of the task, its nature (financial or person

nel), and the uncertainty associated with it. 

• Group process is the second set of factors and comprises four variables. They 

are decisional characteristics, the comnnmication characteristics, interpersonal 

characteristics, and the degree of structure of the group process. 

1. Decisional characteristics includes the depth of analysis, degree of par

ticipation of group members, degree of consensus reached in making a 

decision, and the time to decision. 

2. Communication characteristics refer to the degree of task oriented com

munication and the volume and depth of information exchange between 

group members. 

3. Interpersonal characteristics include the degree of co-operation in the 

group and the degree to which one or a few members dominate the group. 

4. The degree of structure of the group process refers to the type of structure 

(hierarchical, formal, etc.,) and its stability over time. 
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• Outcome variables comprise the third set of factors that could be task or group

related. 

1. Task related outcomes have two attributes that might be affected by 

technological support. The first is the decision quality as reflected in 

the breadth of the decision and the variablity of quality over time. The 

second is the attitude of the group toward the decision as measured by 

acceptance, satisfaction, and confidence in the decision. 

2. Group related outcomes also have two attributes that might be affected 

by technology. First is the satisfaction with group process and second is 

the wi11ingness of group' members to work with the same or other groups 

in the future. 

4.4 Choice of Conceptual Model 

It is not clear that anyone of these conceptual frameworks can be claimed to be better 

than the others. There is a large overlap between them and the choice of framework 

depends on the particular experimental question being explored. To a great extent, 

they simply differ in the labels given to the variables and what is included in these 

variables. For example, proximity does not appear explicitly in Wmniford's model 

though it has been found to have important effects as an independent variable for 

a group brainstonning task (Valacich, 1989). However, she includes "group process 

and interactionl
' in her independent variable "decision rule", and randomizes out 

the "social characteristics of the group and properties of the environment" (Hare, 

1984) both of which definitely include the concept of "proximity". It may be that 

she was not interested in the effect of proximity as an independent variable or had 

included it under ''information distribution". Whatever the case, the conclusion to 
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be drawn from this brief discussion is that the choice of conceptual model is not 

very important as long as the various dimensions are adequately implemented and 

manipulated through careful design of the laboratory task 50 that there is no factor 

confounding. The question of external validity of the results obtained will be dealt 

with later, but it IlD.lSt be emphasized that it is a criticism that could be levelled 

against any program of laboratory experimentation. 

4.5 Empirical Evidence from Past Research 

The study of EMS has become an important topic; of interest only recently and the 

empirical literature is still quite sparse. In this section we survey the results of past 

experimental work that has compared the performance of manual and EMS groups. 

Though some of these studies did not use intellective decision making tasks they 

are included because they contain other interesting findings that are relevant to the 
~ 

current research. However, since we are interested mainly in the effect of a computer 

network on group performance, experiments that have provided subjects with richer 

decision support in the form of algorithms or models are excluded. 'That is, the focus 

is on Group Communication Support Systems or Level 1 Group Decision Support 

Systems. 

It is reasonable, at this juncture, to question whether the findings from all these 

different studies can be compared at all. Unless they are at least roughly similar 

in design any comparison between their results would be invalid. This point is 

especially important in EMS research because it is often very difficult to achieve 

adequate experimental control. For instance, subtle features of the software like the 

color and pattern of data display could have a major impact on group process and 

outcome(Huber, 1984). It is possible to control for this factor only by using an exact 
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copy of the soft-ware in all experiments, which, obviously has not been the case so 

far. It nrust be emphasized, therefore, that the results of different experiments may 

not be comparable. With this in mind we describe some of the experimental results 

in the literature. 

4.5.1 Typical Experiments 

Problem Finding 

Gallupe et al conducted an experiment on problem finding with level 1 GDSS support 

(Gallupe et al, 1988). This experiment asked groups (of size 3) to find the underlying 

cause of the Bonanza Business Forms company's problem. The firm sold foImS in 

three different markets and for the past three quartt:'IS the profits of the company 

were declining while total sales dollars were increasing. The group's task was to find 

the cause of the company's problem using a series of business reports, and to correctly 

identify why the problem was occurring. Task difficulty was a manipulated variable 

with t'wo levels. In the easy version the problem data were in processed form (for 

example, percentages had already been calculated), while the difficult version gave 

the raw data and required the members to exert a greater level of cognitive effort. The 

difficulty levels were calibrated on a sample of students so that 70 percent solved the 

easy version while only 30 percent solved the difficult version. The other manipulated 

variable was the absence or presence of GCSS support. In the supported condition 

members could interact face-to-face in addition to using the GCSS. 

The results indicated that GCSS support significantly increased both the nwnber 

of alternatives generated as well as the quality of the final decision for the difficult 

task treatment. However, decision confidence, agreement over the final solution, as 

well as satisfaction with the decision process all seemed to be lower. There was also 
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more discussion conflict in the supported groups. 

Consequences of GDSS Use 

Watson, DeSanctis, and Poole (Watson et al, 1988) explored the intended and the 

unintended consequences of GDSS. The task used in their research required the par

ticipants to allocate a given sum of money among six competing projects submitted 

to a philanthropic foundation. It did not have an objective optinnnn but required 

the participants to reconcile their preferences and decide on a final allocation. Group 

members "Nere asked to make allocations individually before the meeting and then 

put into groups in one of three conditions. GDSS groups used a Levell GDSS 

in addition to face to face interaction, while manual groups received handouts that 

replicated the software aids on paper in the form of suggested agendas and checklists. 

Baseline groups were not given any support and simply asked to come up with a de

cision. Further, all groups were instructed to work as a group and make a decision 

that was acceptable to all members of the group. Mter the group decision was made, 

members were asked to do the task again, individually. 

The results indicated that post meeting consensus was positively related to pre 

meeting consensus in the GDSS and manual conditions but not in the baseline condi

tion. Inequality of influence was nruch higher in the baseline condition in comparison 

with GDSS and manual conditions. The non-supported groups found the task easier 

than the other two conditions reporting roughly the same level of difficulty. It was 

also found that GDSS users perceived the issues to be more trivial and the problem 

solving process to be less understandable. GDSS groups found the teclmology diffi

cult to use and incorporate into the group process, and they let the teclmology drive 

the group and became overly concerned with the procedural aspects of the meeting. 
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Computer Mediated Communication 

The last example we shall consider is a study conducted by Siegel, Dubrovsky, Kiesler, 

and McGuire (1986). The authors designed three experiments comparing anonymous 

and identified computer-mediated communication with face-to-face comnnmication 

in three-person groups. The subjects used an interactive program called "Converse" 

that split the screen into three windows, one for each person, allowing synchronous 

coIIlIIlllIlication. The interaction was in real time in the sense that once messages 

scrolled off the screen they could not be recalled. The groups had to reach consen

sus on choice dilemma problems about attractive but uncertain careers. Four main 

dependent variables were considered. The first was "coIIlIIlllIlication efficiency" and 

included time to consensus, number of remarks, task-oriented remarks, and decision 

proposals as a proportion of total remarks. ''Social equalization" measured the even

ness of participation. "Unhibited comnmnication" and "choice shift" were the other 

variables. Two coders independently coded subjects' state1nents. 

The first experiment asked 18 groups to use the three comnnmication conditions 

to reach consensus on three different choice dilemma problems in three different 

contexts in a repeated measures Latin square design. The subjects first privately 

completed a questionnaire for each of the problems and then met in each of the 

comnnmication conditions to consider each of them. They were instructed to discuss 

the problem and come to a consensus within 10 minutes though they were allowed 

to continue upto 20 min with two reminders at 10 and 15 min. The results sug

gested that groups in the computer mediated condition experience inefficiencies in 

coIIlIIlllIlication, participate more equally are more unhibited, with individual mem

bers experiencing more choice shift. The decision rules used by the group to form a 

group decision were not different across different conditions. They rarely used simple 
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averaging or strict majority rules and there was no relationship between the group 

choice and the most dominant or highest participating member's proposals. 

The second experiment crossed two comITDJDication conditions with two different 

problems. In one comnnmication condition,the soft'ware allowed only sequential par

ticipation with one person contributing at a time, while the other condition allowed 

synchronous comnnmication as before. 12 groups took part and were asked to reach 

consensus in 30 minutes. The two comnnmication conditions did not differ in their 

effects and produced essentially the same outcomes. The authors felt the results 

supported their belief that the social psychological impact of computer mediated 

communication is not nruch affected by different software. 

The third experiment compared face-to-face groups with simultaneous computer 

conference (as in the first experiment) and electronic mail. Electronic mail can be 

directed to all or a subset of the group members, messages sent and received can be 

stored, and does not require communication in real time. The results were similar 

to those of the first experiment e."{cept that in the computer mail condition groups 

were more inhibited. 

4.6 Conclusion: The Impact of GCSS 

Pinsonneault and Kraemer used their framework described earlier to carry out a 

review and integration of the empirical results in the EMS literature. Wmniford 

also has a more limited survey of empirical work using her conceptual framework. 

Based on these sources and a perusal of the findings in approximately thirty empirical 

papers on EMS including the ones discussed in the previous section, we discern a 

tentative consensus among reseachers on the nature of the impact of EMS on group 

outcomes and group processes. 
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GCSS affect group outcomes by changing group processes. They seem to raise 

the level of cunmlative effort made by members by eliciting increased member par

ticipation and less domination by one, or a few, members. This results in decreased 

consensus and increased time to reach a decision. IT GCSS supported groups take 

more time to make a decision, where is that time spent ? The empirical results so 

far seem to indicate that groups analyze more alternatives or the same alternatives 

in greater depth. 

Surprisingly, GCSS support was found to decrease the efficiency of conummica

tion, the amount of task oriented coIIlIIDlIlication, the amount of infonnation ex

changed, and also the overall co-operation among group members. All this could 

be the effect of increased participation. Though it is difficult to clearly differentiate 

between task and people oriented communication, group members often participate 

more actively in group process by vigorously expressing and defending their opinion 

and this could be taken as evidence of increased conflict. As a result, group mem

bers express less confidence in the final decision though, as pointed out earlier, they 

successfully carry out deeper and wider analyses leading to better quality decisions. 

Figure 4.2 summarizes these results. 
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2. Communication Characteristics 

- efficiency of communication 
- amount of information 
- task-oriented communication 

3. Interpersonal Characteristics 

- cooperation 
- domination 

1. Characteristics of the Decision 
+ Quality 

2. Attitude tm.;ard the Decision 
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Task related outcomes 

? 
Satisfaction 
with the 
group 

Group Related 
Outcome 

(+ means positive relationship between GCSS use and 
factor, - means negative relationship between GCSS 
and factor, and? means inconsistent relationship 
between GCSS and factor.) 

Figure 4.3: The Impact of GCSS on groups 
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CHAPTER 5 

ANALYSIS AND DESIGN OF GROUP TASKS 

5.1 Introduction 

'Ibis chapter motivates the development of the laboratory task used in the current 

research. In the first half of the chapter the problem solving process of individuals is 

considered in order to clarify the crucial importance of problem "structure". 'Ibis is 

followed by a discussion of task analysis and design that points out the deficiencies 

in the traditional approach to laboratory tasks. With this background, the concepts 

encountered in individual problem solving are extended from the individual to the 

group context. 

The second half of this chapter discusses the complexity of laboratory tasks with 

the aid of Wumiford's (1989) experimental findings. This is followed by a detailed 

description of the design of the current laboratory task. 

5.2 Individual Problem Solving 

A consistent finding in the group decision making literature is that the type of 

experimental task faced by problem solving groups explains nruch of the variation in 

their levels of performance (Poole, 85). The design and implementation of laboratory 

tasks nrust therefore be given central importance in any program of research into the 

effectiveness of group decision making, computer supported or otherwise. But as 
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there is no theoretical model available that can be used to describe tasks and the 

differences between them, tasks have represented a major source of uncontrolled 

variation in experimental studies (Wood, 1986). But what concepts does the tenn 

"task type" encompass and how exactly does it influence performance? What are 

the dimensions a task classification scheme should consider in order to differentiate 

clearly and precisely between various tasks ? The logical place to start exploring 

these questions is at the very beginning of the problem solving process. 

The two necessary aspects of human problem solving are the definition and rep

resentation of the problem, and the development of a solution based on the repre

smtation (Maier, 1963). Task definition and representation is almost always more 

important than the process of solution development because it comes first and de

fines the range of possible solutions. Cognitive scientists hold that problem solving 

is based on a representation of the problem and that performance is strongly affected 

by the adequacy of the representation. Researchers into managerial problem solving 

have also emphasized the importance of problem definition and the need for studying 

this phase of the problem solving process (Miner 1976; Nutt 1984). It is a corrmonly 

held view among management theorists that the problem solving process consists of 

phases or stages (Lan, 1978). These phase theories, which are high level, functional 

descriptions of problem solving, attempt to identify activities that seem like logical 

stepping stones from a problem's origination to its solution (Smith, 1989). 
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In terms of this model problem formulation includes identification, definition and 

structuring. In the current research the experimental groups are given a well iden

tified problem, which is to maximize the profit of a certain candy company. Their 

main concern is, therefore, with representation and structuring. While the problem 

possesses a useful structure known to the experimenter (a linear programming prob

lem) it may not be the structure chosen by the group. The crucial point here is 

that the final structure adopted by the group depends on many factors such as the 

background of group members, and the tools available to them. 

Smith has pointed out that it may be impOssible to adequately represent ill

defined problems because of their unclear boundaries or lack of deep structure (Smith, 

1988). But since such problems are "solved" routinely in business environments 

where the state of the world is imperfectly known or uncertain, it nrust mean that 

there are shared beliefs or estimates, on which action is taken. That is, the represen

tation of the problem may be implicit, but no less real as a basis for action for that 

reason. The difficulty encountered in defining or determining the quality of a defi

nition or representation of an ill-defined pJ."oblem does not imply that such attempts 

are unnecessary or useless. Ho~ver, in suc..h cases the adequacy of a definition or 

representation can only be deduced from the quality of the solution if that can be 

measured. 

In this regard, (Marsden and Pingry, 1986) observe that the concept of a "struc

ture" can properly be applied only to the joint phenomenon of the problem and 

problem solver and not to one of them in isolation. The solver applies a structure 

to the problem regardless of whether it is the objectively ''right'' structure. Fbrther, 

the right structure may also be situation dependent. For example, in mathematical 

programming there are different formulations of the same problem and it might be 

easier for the computer to solve one fomrulation than the other. A hmnan being 
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working on the same problem. might find other formulations more natural and eas

ier. 'The extension of the concepts considered in this discussion from individuals to 

groups is the subject of the next section and is based on Poole and Doelger (1986). 

5.3 Group Problem Solving 

In order to successfully arrive at a solution to the problem it faces, a group must do 

tv.'O things. It nmst first recognize and represent the problem, and then nmst plan 

to manage its process to accomplish the decision. The representation of the first 

part constitutes the "substantive representation" and the plan for the second part 

the "decision logic". Taken together, they form the group "task" (Poole, 1985). 

'The substantive representation is a working theory regarding the nature of the 

task, its objective, and the means to carry it out (Abric, 1971). That is, it defines a 

set of issues that the group has to necessarily address to make an effective decision. 

Roughly put, the group first agrees on its goals and then develops the attributes 

along which it will evaluate the various alternative ways of reaching those goals. 

'The scores on the attributes could be used in a premeptive manner where failure on 

one disqualifies the alternative, or as a sum of the weights on the attributes. The 

problem-solving literature lists several properties of the representation that could 

influence the issues that get the decision-maker's attention, including the nature 

of the knowledge structure underlying the problem (Newell, 1972), the level of the 

problem in a means-ends hierarchy (Volkema, 1983) the framing of the problem 

(Maier, 1963), and the group's objectives regarding the solution (Anders, 1983). 

A decision logic is a strategy for decision making that implicitly specifies a se

quence of steps necessary to make a decision. Obviously, this strategy is dictated by 

the nature of the task and its substantive representation. For preference tasks, the 
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primary emphasis is on gaining acceptability or consensus (however this is defined). 

For intellective tasks the primary emphasis is on search and evaluation of alterna

tives. Thus, if the substantive representation concerns what the group will decide 

about, the decision logic specifies how it will go about its business. 

Once the substantive representation and decision logic have been chosen, the 

group nrust execute the required decision activities in order to arrive at a solution. 

But there are three complications that could affect the quality of group process and 

outcome. Firstly, the individual and collective representations of the task could differ. 

Individuals have their own theories and models about the task and each member may 

hold a different view. There also exist collective representations, held either by the 

whole group or by coalitions and worked out in the group's interaction. Secondly, the 

various task representations, individual as well as collective, may be incomplete and 

unclear. This may introduce the need for improvization after the intitial steps are 

taken and cause problems. Thirdly, both collective and individual representations 

may change over time, as new information and insights are discovered. The groups' 

flexibility in regard to the evaluation and acceptance of such changes will also have 

a great effect on its perlormance. 

Task representations cannot be measured directly but nrust be inferred from the 

range of member contributions in the from of decision criteria, implicit or explicit 

goal statements, agendas, etc. If a representation is imputed to more than one mem

ber, it can be considered collective, otherwise it is individual. Newell and Simon 

(1972) point out that the task environment, or the objective task as they call it, as 

transformed by the individual or group, is a major determinant of the representa

tion. Since task representations are only revealed indirectly by member contributions 

during the course of the group session the analysis of these representations is not 

straightforward. 
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5.4 'Thsk Analysis and Classification 

The predominant approach to task analysis in the social psychology literature is 

empirical (Wood, 1986). 'Thsk characteristics are usually derived from individuals' 

perceptlons of a sample of tasks, using factor analyses or some other dimension 

probing technique. 'This approach has been used in group task analysis (Shaw, 

1963), job analysis (Peters, 1982) and task redesign (Hackman, 1980). In all these 

studies, task characteristics are inductively derived and are not based on a formal 

definition of tasks. For example, Gallupe (1988) uses different data displays and 

levels of numerical detail presented to manipulate what he calls the "difficulty" of 

the experimental task. Here again, "difficulty" is based on the performance of a 

sample of groups used to calibrate the task. 

The major problem with such an empirical approach is that the task character

istics identified frequently confound task and non-task elements, particularly inter

actions between task attributes and individual attributes. Wood (1986) points out 

that the six dimensions of group tasks identified by Shaw appear to differ in type, 

including one dimension which refers to formal task structure (solution multiplicity), 

one dimension refers to individual skill requirements (intellectual and manipulative 

requirements), three dimensions which refer to person-task interactions (difficulty, 

population familiarity, and intrinsic interest), and one dimension which refers to 

group organization requirements (co-operation requirements). He concludes that 

such confounding of task and non-task characteristics is a major threat to construct 

validity in studies of tasks and their effects. 

The experimental findings of Schroder et al., (1967) are particularly relevant 

to this issue. They found that task performance moved from suboptimal through 

optimal to suboptimal again as task complexity increased from low to medium to 
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high. It appears that there is an optinmm level of complexity and making the task 

either less, or more, complex degrades performance. The authors attributed this 

result to the fact that the information processing demands of the task exceeded the 

capacity of the subject on the high side but they do not give any explanation for the 

decrease in performance when the complexity is reduced. From our point of view, 

the noteworthy aspect of these findings was the fact that the point of performance 

disintegration varied across subjects. "Cognitively complex" subjects were better 

able to sustain their level of performance than were "cognitively simple" subjects. 

Thus it would appear that any scheme that calibrates the "difficulty" of tasks based 

on the performance of sample groups would confound subject and task characteristics. 

Wmniford (1989) considered the attribute of complexity in her work on the effect 

of computer support on small and large groups working at an intellective optimization 

task with many feasible solutions and a unique optimal solution. Her study is the 

point of departure for the development of our task and is, therefore, considered at 

greater length in the following sections. 

5.4.1 Winniford's Intellective Task 

The five research variables controlled in Wmniford's experimental work are the group 

size, incentive mechanism, decision rule, information distribution and task comple."C

ity. TIle experimental task described the group as members of the Operating Com

mittee for the Smalltown Pill Company, who have been brought together to detennine 

the most profitable product mix for the company. The committee was to allocate 

a number of production rooms among several types of pills. In the experiment, 

there were 18 rooms and 5 pill types. The task description contained constraints 

on the nwnber of production rooms available to each pill type and "rules of pro

duction" further limiting the possible production mixes. Each subject also had a 
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private information sheet on one product that gave the amount of profit resulting 

from the allocation of 1 to 6 rooms to that product. 'This was a nonlinear function 

monotonically increasing with the Ill.lIIlber of rooms allocated to the product. 

The task was both disjunctive and conjunctive because after sharing the infor

mation about individual pill types, anyone group member could have solved the 

problem. However, any proposed solution had to be unanimously approved and this 

presented a conjunctive aspect. It was divisible as each member could try a different 

product mix and such a division of labour also favoured the larger groups because 

more mixes could be checked in the same amount of time. But the problem solv

ing strategy, ie., how to organize the sub division of the task was left to the group. 

Though information about a pill type was given to a particular group member there 

was no implication that pill type was the responsibility of the group member. 

Wmniford states that this task does not fit neatly into McGrath circumplex of 

task type (section 2.3), but it appears that it could find a place in the generate/choose 

quadrant since the object of the exercise is to generate alternatives and choose one 

of them. There are many feasible solutions but the group seeks to maximize its 

profit and therefore has to search the feasible space in order to agree over the" best" 

solution. H the task is implemented with co-operative incentive it is obvious that it 

does indeed fit into the "co-operative group work" quadrant of the circumplex. The 

location of this task in the circumplex: has been discussed at some length because the 

current research is also concerned with the same quadrant but with a more comple.'C 

task. 

From the perspective of this research, her most important finding was that there 

were no differences in decision quality behveen the large and the small, and the 

electronic and manual groups as all of them got the optimal solution. The author 

observes that - "Every group used in the study chose the optimal solution (sec 4.2.1). 
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The levels of independent variables were set to construct a simple task. Unfortunately 

the task was so simple that there was no variation in the decision quality. This did 

give a baseline for comparison to more difficult tasks created by the variation of 

other independent variables included in the group process model ... A harder task 

may have caused a larger range in both quality and efficiency of the treatments ". 

This observation provided the motivation for the design of the current task. 

But what exactly makes a task ''harder'' ? In the last section we saw that 

hardness may not be an objective measure when calibrated from a sample of groups. 

Is it possible to develop an objective measure of complexity? If not, how dependent 

is the measure of hardness on the composition and back ground of the groups used 

in calibration? If a more complex: extension of Wmniford's task is necessary what 

form might a fruitful extension take ? To answer these questions we turn to a more 

detailed consideration of the complexity of tasks. 

5.5 The Complexity of Tasks 

The comple .. rity of a system has been characterized by Simon along two main dimen

sions (Simon, 1962) -

• the nwnber of elements in the system 

• the degree and na.ture of interaction among the elements. 

Wmniford states that Simon's second contributor comprises complexity, information 

distribution, decision rule, and incentive mechanism. She proposes to separate out 

these two sources of complexity and thus gain better experimental control over this 

factor. In the case of her task, the nwnber of products, nwnber of levels in each 
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product, and ntunber of constraints on the product mix would be increased or de

creased to influence the first source of complexity. Decision rule, information, and 

incentive, would be manipulated to set the level of the second source of comple."<ity. 

This scheme, it is noted, gives an "objective" measure of complexity (Wumiford, 

1989). But does it really provide a complete picture of the complexity of a group 

task? It appears that a very important source of complexity that has to do with 

the structure of the problem is ignored in the model. 

There is no az.nbiguity about the number of elements in a system. But the degree 

and nature of interaction of the elements of a task are not so easily grasped or 

defined. To explain the difficulty that arises it is necessary to refer back to the 

observations of Marsden and Pingry regarding the structure of problems. It will be 

recalled that the authors pointed out that the idea of structure is properly applicable 

only to the joint phenomenon of problem and problem solver. The problem solver 

perceives a structure or applies one to the phenomenon he observes. The comple."<ity 

of the problem will obviously depend on the structure chosen. This means that the 

complexity of a task cannot be an objective measure until the structure chosen by 

the solver is revealed. Further complications may arise if the structure chosen is not 

static and changes during the group process. A priori, the comple.~ty of a task can 

only be estimated from the possible structures that may be chosen by the solver. It 

may be possible to restrict this range and thus compare the complexity of different 

tasks. 

Consider a person working at an experimental task that has a single best solution, 

sayan optimization task with a unique optinnnn. While we do not fully understand 

the solution process of a single individual, there are well developed theories of phase 

models of problem solving as well as experimental support for the notion of stages 

in problem solving. (Lang, Dittrich, White., 1978). A representation of the problem 
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is developed first - what Marsden and Pingry (1988) call structuring a currently 

WlStructured problem - and the structure is then manipulated. As explained above, 

the structure chosen has a crucial effect on the complexity of the problem. The 

manipulation of this structure produces partial solutions that are corrected, refined 

and combined to"Wards the correct solution. Partial solutions produced at each stage 

are available from the moment they are generated till the final solution is fOlUld. If 

these partial solutions are not effectively utilized the quality of the final solution is 

adversely affected. 

Now consider a group working on Wmniford's task. It is a non-linear integer 

problem and has many local optima. She could not apply any structure to her 

problem and had. to solve it by enwneration. Once the infonnation is shared over 

the network, a single person could solve the problem. It therefore seems that the 

simplicity of the task actually biases the group members to"Ward simple infonnation 

sharing and the real group task is heavily weighted to"Wards finding consensus. That 

is, if a group did manage to solve the problem, the most that could be claimed is 

that perfonnance on the task is a surrogate for efficiency of sharing infonnation. 

But infonnation sharing is only one aspect of group interaction. What are the other 

dimensions of group interaction and how can perfonnance along these dimensions be 

measured ? A great deal more insight into group decision making could be obtained 

if the interaction is measured directly instead of relying on surrogates. Then, it is 

necessary not only to know the best outcome but also the best way of arriving at 

that outcome, and the effect of group interaction on the evolution of the process 

leading to the outcome. 

If we include, in the notion of an "assembly" or "bonus" effect, the possibility that 

interaction with others could evoke latent abilites in a group member, the question 

becomes: Given a decision making context, What is the effect of each group member's 
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efforts to solve his own su1:rproblem? Are the partial or tentative solutions produced 

by individual members important in assisting the group's solution process? It was 

not possible to tell with Wmniford's task. While information sharing is necessary for 

solving the problem, result sharing is necessary only to achieve consensus. Though 

the task is divisible and can be split into subtasks, allowing members to try different 

combinations of product mix in order to find the optimal mix it was left to the 

groups to organize this subdivision of the task. But then, subdivision is useful only 

if the task is sufficiently complex so that a single person is not able to process it as 

a whole. In this case a single person with all the information can process the whole 

problem. What remains is to simply compare proposals and gain consensus on the 

final solution. 

In the current research the factor of complexity based on attributes and alter

natives is augmented by an additional dimension that has to do with the sharing of 

partial solutions. This dimension of comple..aty is carefully integrated into the task 

so that it is not confounded with decision rule, infonnation distribution, or group 

size (larger groups have higher comrmmication complexity). Infonnation distribution 

defines the initial conditions of the experiment. It is static and has nothing to do 

with the dynamic evolution and use of partial solutions except to define the range of 

solutions that can be generated by each member. 

The conclusion to be drawn from the above discussion of task comple..aty is 

that task design is crucial. Careful attention should be given to the degree and 

nature of the interaction that is required among the group members for efficient 

perfonnance on a group task. But the addtional dimension of complexity can be 

useful in experimentation only if there is a rough metric, or at least an ordinal scale, 

for the measurement and calibration of this ''interaction'' in any particular task. This 

again implies knowledge of the necessary stages in the problem solving process that 
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have to be undertaken by all successful groups. As we have discussed earlier, if the 

experimenter knows the set of possible structures that the group can use, it will be 

easier to discern how much the interaction among group members has contributed 

to the final solution. 

5.5.1 Desirable 'Thsk Characteristics 

Based on the discussion in the preceding sections some desirable characteristics in a 

laboratory task for group decision making are now identified. Many of these sugges

tions were made by Ray (1954) for individual problem solving tasks nearly twenty 

years ago and are now re- interpreted and emphasized in a group conterl. 

The first and foremost requirement is that the task should have a scoring contin

uum and not be graded. on a " pass/fail" basis. Such a continuum of scores from a task 

will enable the experimenter to clearly differentitate among experimental groups, and 

help in finding functional relationships with independent variables. In this research 

a continuous performance scale was realized by using a problem that has several 

subgoals on the way to the final solution. Ideally what the group discovers on one 

step should be useful in all subsequent steps either directly or indirectly. A group 

task that ensures that the group will fail on all subsequent steps ifit fails on anyone 

step may make the task too difficult and affect the motivation of student subjects. 

But it is easier to ensure that performance on subsequent steps will be affected if the 

subgoals are not efficiently achieved. 

Secondly, the scores should lie along the same dimension because if they do not, 

the performance of different groups cannot, be compared. It is especially important 

to keep this in mind when using time to solution as a performance measure. The 

time taken by a group to arrive at a solution may be spent in various activities 
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and unless these activities can be clearly identified and compared across groups, 

no further inferences can be drawn. This may be one reason for statements such as 

"some subjects worked as long as 60 minutes, but those who got the solutions worked 

less than half an hour." (Wmniford) 

Thirdly, the task design should provide the experimenter with a clear idea of 

what is going on in the group and the group process. In particular, it should not be 

necessary to rely on complicated systems of coding and eagle-eyed observers to make 

sense of member interaction. Hypotheses nrust be regarded as intervening variables, 

definable on the basis of the task presented and of the overt responses produced. 

'That is, they should constitute controllable factors. The researcher's knowledge of 

what the group members are doing should be provided by his knowledge of the task 

and by the overt responses of the subjects. It will be easier to know exactly what 

the group is doing if the possibilities for action are limited. This eliminates so called 

open-ended tasks with no correct answer. 

Lastly, a task that permits only a small nwnber of hypotheses including both 

appropriate and inappropriate hypotheses, would allow rough quantification of the 

various processes in the group. If the problem has only one final solution and one 

correct method of arriving either at this overall solution or of advancing through the 

sub-goals, the experimenter will have a better idea of exactly what the group is doing. 

This will also increase the replica.bility of the experiment. In the next section, the 

development of a laboratory task that attempts to meet the requirements discussed 

here will be described. 
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5.6 Design of the current 'Thsk 

A brief reference was made to the task used in our experiments in Chapter 4. As 

already mentioned there, the task is based on the decomposition model from the 

linear programming literature and is set up to describe the operations of a candy 

company. The company has five different divisions reporting to the Corporate Office 

and each division produces t"wo flavors of one type of candy. All five divisions use 

three ingredients - Milk, Cocoa and a local Additive. There is only a limited amotUlt 

of Milk and Cocoa available at Corporate Office and it must be shared among the five 

divisions. Also, each division has only a limited amount of its Additive available. 

Each group member is designated a division manager and is put in charge of one 

division. 

The divisional managers axe first asked to function as the Corporate Committee 

to decide how to allocate Milk and Cocoa to the departments. Once the allocation is 

made the individual division managers axe asked to decide how to allocate the Milk, 

Cocoa and Additive available at their departments to their two products. The payoff 

consisted of two parts. Each member received two dollars if the group successfully 

completed the task according to the experimental rules PLUS 8.5 percent of the total 

profit of the company. The mathematical structure of the task is depicted in Figure 

5.4. The entire experiment including a description of the candy company and the 

instructions is attached in Appendix A. 

5.6.1 Alternative Solution Approaches 

This problem is famous in the operations research literature as the decomposition 

problem. The constraints labelled "common" in the above diagram axe the only 

links between the departments apart from the profit function which is simply the 
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sum of the divisional profits. Once these common resources are allocated, the divi

sions become independent of each of other and are free to pursue their local optima, 

subject only to local constraints .. There are two classes of algorithmic solution ap

proaches to this problem called resource directive decomposition and price directive 

decomposition. 

In resource directive decomposition, the common resources are first distributed 

by the corporate office and each division solves its own problem optimally subject 

to its local constraints. Based on its solution it submits a bid for extra resources. 

The divisional bids are compared by the corporate office and resources re- allocated. 

Iterations are carried out in this fashion till some termination criterion is satisfied. 

In price directive decomposition the coporate office assigns a price to each of 

the common resources. The divisions incorporate this infonnation into their profit 

functions and solve their problems optimally based on the availablity of local re

sources. The common resources are thus considered only indirectly at the divisional 

level. When the requirements of the divisions are aggregated, the total amount of 

common resources used may exceed what is available at the corporate office. The 

prices assigned to the common resources are adjusted and the process of divisional 

optimization is carried out again until the common resources are not exceeded and 

some termination condition is satisfied. Evidence for the convergence of either of 

these methods can be found in the operations research literature (Moore, 1979). 

These algorithmic descriptions not only expose the structure of the problem, but 

also give some insight into the probable behaviour of human subjt:cts confronted by 

this task. Moore comments on the two approaches as follows -

... They both can be shown to solve problem P. However, the schemes im

pose radically different corrummication and information structures upon 



the central agent. It would appear that a human central agent would 

have to conceptualize the allocation problem differently under each of 

th~e schemes, even when the underlying organization (nwnber of divi

sions, technical and profit coefficients, etc.) is unchanged. It may be 

that a hwnan decision maker is better mentally equipped to cope with 

cognitive infonnation processing under one scheme than the other. Moore 

84 

In his experiments Moore imposed th~e alternate structur~ through different soft

ware programs and compared the performance of individuals under the t'WO con

ditions. But if the problem structure is not imposed on subjects how would they 

proceed? How would groups approach such a problem? We would expect that 

they would choose the straightforward resource directive decomposition and shuffle 

resources between divisions. 

5.6.2 Group Performance 

In our candy company task, there are t'WO levels at which the group has to make 

decisions. 'The overall allocation of milk and cocoa will determine the profitability 

of the divisions. 'Thus, the main concern of the subjects in the coporate committee 

is to evaluate the profitability of the five divisions, and then distribute the milk and 

cocoa. At the divisional level, each manager has to decide how nruch of each flavor 

to produce while satisfying the other problem constraints. 'This interdependence 

between the stag~ satisfi~ the sub-goal requirement that was mentioned in the last 

section. 

'There are many ways a group could go about solving this problem. 'The most 

direct approach would ignore the r~ourc~ and simply rank the products by the 

profit coefficients in the objective t'tmction and proceed to allocate milk and cocoa 
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on this basis. The divisions could be ranked instead of the products. Whatever the 

group does it has to ensure that the divisional constraints and requirements are met, 

while resources are not left unused if they can be used profitably. 

5.7 Conclusion 

This chapter has dealt with the issues involved in the analysis and design of labora

tory tasks, and described the construction of the current task in detail. 
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CHAPTER 6 

RESEARCH lVIETHODOLOGY AND EXPERIl\1ENTAL DESIGN 

6.1 Introduction 

The questions of this study were explored using a series of laboratory experiments, 

and this chapter describes the experimental enviromnent and research procedures 

employed. First, the research hypotheses are stated along with several measures of 

solution quality that concern both the the final decision made by the group, as well 

as the satisfaction of group members. Next, the experimental design and the data 

collected are described. This is followed by a description of the experi-IIlental eco

nomics laboratory where the experiments were conducted, the EMS software used by 

the subjects, and the experimental procedures. The last section is about the results 

of our pilot study and the consequent cP..anges in the conduct of the experiment. 

6.2 Research Hypotheses 

Before proceeding to the development of hypotheses, the research questions are re

peated below for reference. When the members of a group confronted by a problem 

solving task are constrained to cOIIlIn1ll.J.i.cate only through a computer network -

• How does the computer network affect the group solution, when compared to 

a face-to-face group? 
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• If the group selects a chainnan to make its decision, what is the effect on 

solution quality ? 

Implict is both the above questions is the idea of a performance measure that 

can be used to compare the perfonnance of different groups, and the next section 

describes the measures of perfromance used in our study. 

6.2.1 Decision Performance 

Decision perfonnance refers to those variables that attempt to measure the attributes 

of the ''finished product" of the decision making process (Gallupe et al, MISQ, 1988). 

In the current research, we consider t'WO measures of perfonnance. 

At the company level, resources should not be left unused if they can be used 

profitably. When they are used they should be used to best effect. That is, resource 

usage has a utilization component, and a distribution component. 

The same principle applies also at the divisional level. Any allocation of the 

common resources results in a good solution overall only if the divisional allocation 

is also efficient. By comparing the sum of maxinnun divisional profits conditional on 

the actual distribution of milk and cocoa to the sum of the actual divisional profits, 

we get a measure of the divisional efficiency. 

• What impact would GCSS use have on the above perfonnance measures ? 

From the discussion in section 4.6, and Figure 4.2, it would appear that an 

important effect would be increase in the depth of analysis and consequently, the 

overall quality of decisions. This is a robust finding that has been obtained in a 

variety of decision situations and does not seem to be dependent on the type of 

task or the stage of development of the group (Pinsonneault and Kraemer, 1990). A 
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majority of studies have found that GCSS groups outperfonn nonsupported groups 

(Bui and Sivasankaran, 1987; Easton et al., 1989; Ellis et al., 1989; Gallupe et al., 

1988) though Wmnford (1989) found no difference between them. 

If the group understands the problem adequately the allocation of Milk and Cocoa 

should depend on the profitability of the different divisions. That is, more profitable 

divisions should get more of the resources. However, the profitability of a division 

cannot be easily discerned because it depends not only on the profit coefficients in the 

objective ftmction. but also on the amount of resources consumed by that division. 

If one or more members of the group understand the problem, they must find a way 

of communicating this knowledge to the others and guide the efforts of the group. 

In face-to-face interaction, group members may be exclusively concerned with 

their ideas and not attend to the contributions of others. Unless all comments are 

transcribed immediately and a group memory maintained, it will be impossible to 

refer back to earlier comments and insights. On the other hand, a GCSS provides a 

group memory so that each member can refer back to earlier stages in the problem 

solving session, without requesting clarification from other members. We would 

expect the diffusion of knowledge about the problem from the more knowledgeable 

to the less knowledgeable members of the group to be more efficient with a GCSS. 

This leads to the first overall hypothesis. 

Hypothesis 1 - Overall Decision Quality 

• H 1 a: GCSS groups will achieve higher overall profit than manual groups . 

• Hl b: There will be no difference in the performance of GCSS and GCSS/CEO 

groups. 

If GCSS do indeed increase the depth of analysis as well as member participation, 
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two results can be expected. 

First, the GCSS groups would be better able to gauge the profit potential of the 

different divisions and would therefore distribute the Milk and Cocoa to the divisions 

more efficiently than the manual groups. The distribution performance measure is 

the ratio of the optimal profit that could be achieved with the resources used, to the 

sum of the divisional optima conditional on the actual distribution of resources. 

Second, the divisional managers would have a better grasp of the problem and 

hence make better decisions with GCSS support than without it. The divisional 

performance measure compares the optimal solution conditional on the distribution 

of Milk and Cocoa to the actual solution. This is a measure of the efficiency of the 

divisions. 

Hypothesis 2 : Distribution Decision Quality 

• H2a: GCSS groups will distribute resources more efficiently than manual groups. 

• H2b: There will be no difference in distribution efficiency between GCSS/CEO 

and GCSS groups. 

Hypothesis 9 : Divisional Decision Quality 

• H9a: Divisional managers in GCSS groups will make more efficient decisions 

than divisional managers in manual groups. 

• H3b: There will be no difference in divisional efficiency between GCSS/CEO 

and GCSS groups. 
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6.2.2 Perception of Performance 

Whether a new technology will become popular and attain widespread use depends 

not only on its technical features, but also on the feelings it engenders in its users. 

Experimental research on this question has found computer supported groups to be 

more satisfied (Steeb and Johnston, 1981), less satisfied (Gallupe, DeSanctis, and 

Dickson, 1988), and equally satisfied (Jarvenpaa, Rao, Huber, 1988). Although the 

evidence on participant satisfaction in comparisons of computer supported meetings 

with unsupported meetings is ambiguous, the argument has been advanced that 

subtle features of the software and hardware environment could lead to dramatic 

changes in user satifaction. 

Group members' perceptions of their participation in computer supported meet

ings can be broadly classified as either process related or outcome related. In tins 

research we consider three process related measures. Quality of the process includes 

fairness, understandability, and coordination. Participation in the process reflects 

evenness of participation. Satisfaction with the process is a composite measure of 

the whole process that also includes confidence in the final decision. We also consider 

two outcome related measures. Quality of the outcome and overall effectiveness both 

refer to the group's final solution. 

Hypothesis 4 : Quality of Group Process 

• H4a: GCSS groups will perceive their group process to be of higher quality 

than manual groups . 

• H4b :GCSS/CEO groups and GCSS groups will perceive no difference in the 

quality of their group processes. 

Hypothesis 5 : Evenness of Member Participation 
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• H5a: GCSS groups will perceive participation to be more even than manual 

groups. 

• H5b: GCSS/CEO groups will perceive participation to be more uneven than 

manual groups. 

Hypothesis 6 : Satisfaction with Group Process 

• H6a: GCSS groups will report higher overall satisfaction with the group process 

than manual groups. 

• H6b: GCSS/CEO groups will report less satisfaction with group process than 

either manual or GCSS groups. 

Hypothesis 1 : Quality of Group Outcome 

• H1a: GCSS groups will perceive their final solution to be of lower quality than 

the manual groups. 

• H1b: GCSS/CEO groups will perceive their final solution to be of lower quality 

than the GCSS groups. 

Hypothesis 8 : Effectiveness of Process 

• H8a: GCSS groups will perceive their process to be less effective than manual 

groups. 

• H8b: GCSS/CEO groups will perceive their process to be as effective as GCSS 

groups. 
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II Number of Groups I GC3SJCEO I a;S I ~ua1 I Indi~duals II 
Thble 6.2: Experimmtal Design 

6.2.3 Experimental Design 

The experimental design was a one way analysis of variance with three levels as set 

out in the diagram below. Five individuals, each of whom worked on the problem 

individually and in isolation, served as a point of reference. The total sample size 

was thus 18 groups and five individuals. 

The experimental variables are listed again for reference. They are group size, 

incentive mechanism, decision rule, information distribution, and task complexity. 

Manipulated Variables 

The mode of support and the decision rule were manipulated variables. Mode of 

support was the first manipulated variable. The EMS supported groups worked in 

the Economic Science Laboratory of the Department of Economics at the University 

of Arizona. The conummication tool they used is part of the PLEXSYS system 

developed at the University of Arizona, Department of Management Information 

Systems (Applegate et al, 1986; Nunamaker et all987). The manual groups met in 

a conference room equipped with a blackboard. 

The second manipulated variable was the decision rule. In one set of manual 

and EMS conditions, the decision rule was unanimity. In the third treatment, the 

EMS group members discussed the problem for a period of 20 minutes and then 

selected one of the division managers as chairman by majority vote to make the Milk 

and Cocoa allocation decision. Mter distributing the Milk and Cocoa the chairman 

reverted back to his role as manager of his division. Then, the individual division 
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managers decided on the amolUlts of the two products to produce at their divisions. 

Secret balloting was used for all votes and the experimental rules were elaborated 

in the practice problem and the experimental task. The subjects lUlderstood that 

they would earn their task completion fee only if they anived at a group decision. 

Controlled Variables 

The other three variables - infonnation distribution, task complexity, incentive struc

ture - were controlled. 

The information distribution was complementary in the sense that it was impos

sible to solve the task without input from all group members. The structure and 

content of the infonnation given to each member was identical; only the values of 

the coefficients differed. Further, the exit questionnaire measured knowledge about 

similar tasks. The questionnaire is included in Appendix B. 

The task complexity was constant across all groups because the number of prod

ucts for all treatments was constant at five. The structure of the problem was also 

identical in all treatments. In the GCSS/CEO treatment the groups discussed the 

problem for a period of twenty minutes and then chose a chairman to make the Milk 

and Cocoa allocation. 

The incentive was split into three parts instead of two. There was a show-up fee, 

a payoff for completing the task, and a payoff scaled on the quality of the solution. 

6.3 Research Setting and Electronic Meeting System 

The manual groups met in a large conference room that could accomodate up to 

20 persons. Group members sat two seats removed from each other around a U 
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shaped table. A blackboard in front served as the conunon or public area for sharing 

infonnation. The individual group members were givm paper pads, worksheets and 

pencils for doing private work. They were cautioned that they could not physically 

show any private papers to any other group member. The only acceptable way to 

share infonnation and insight was by orally discussing it or writing it down on the 

blackboard. At the beginning of the experiment the task was introduced using an 

overhead projector and the subjects were told about the various bits of information 

available in their folders and the general rules and conduct of the experiment. Paper 

ballots were used for voting and the anonymous voting procedure is described in the 

Appendix. During the experiment the researcher remained in the room as observer. 

The EMS groups worked in the Experimental Economic Science Laboratory 

(EFSL) at the University of Arizona. The laboratory has twenty five cubicles, twelve 

of which are each provided with an IBM personal computer and monitor. The ma

chines are networked with Novell software and the E~v1S program runs on top of 

the network. Participants were seated at five of these monitors and cornnnmication 

between them was solely through the network and no other form of communication 

was perimitted once the experiment began. 

The EMS software that was used is part of the PLEXYS software toolbox devel

oped at the University of Arizona. It is a communication and voting tool called the 

Electronic Discussion System (Pendergast, 1989). There are three files in the system 

- a discussion file for comrrnmication and information sharing, a voting file for taking 

a vote, and a results file for the accunrulation of results. Only the communication 

and infonnation sharing capabilities were used in this research. A practice task was 

used to acquaint subjects with the working of the software and the manner in which 

a group decision was made. (see Appendix A). 
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Group members comnnmicated with each other by entering messages and infor

mation into the discussion file which served as a blackboard that was accessible to 

all members. Each screen was split into a private window and a public window. 'The 

private window was at the bottom of the screen and anything typed there could be 

put into the discussion file and made to appear in the public window on top by using 

the F2 key. Thus, information entered into the bottom window appeared in the top 

window of every screen if F2 was pressed and could be sinrultaneously seen by all 

group members. The discussion file therefore was a conunon blackboard and earlier 

conunents could be accessed by using the Page keys. 'The two control keys for using 

the software - entering information into the discussion file (the public window) and 

scrolling the screen - were identified in the middle and the bottom of the screen. 

6.3.1 Experimental Subjects 

Undergraduate students in different MIS courses served as subjects. 'The use of 

student subjects has generated nruch debate but this is an issue that will have to 

be addressed in any university conte>..1;. At the very least our results hold for the 

university subject pool. It may be recalled that the discussion in Chapter 2 of the 

structure and content of our experimental task demonstrated that it is well within 

reach of student subjects and does not require them to have any special knowledge 

or ability. 

'The student subjects were 20 to 42 years old and their exposure to computers 

and software packages varied from none to more than six courses in computer related 

subjects but this had no effect on the results. 
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6.4 Data Collection Plan 

The pilot study produced some surprises with regard to the structure of the exper

iment and the collection of data. In the initial experimental design it was intended 

to gather data on two outcome variables - quality of the decision and group member 

satisfaction. The quality of the group decision was measured by the amount of com

pany profit and the contribution of the different divisions. Profit calculations are in 

Appendix A. 

A post experimental questionnaire (Appendix B) patterned on previous studies 

was made up to measure group member satisfaction. 

It was decided that time to completion would be measured by the point where 

there was a tmanimous vote on some product mix. The groups would be told that 

they had a ma.x:innnn of 60 minutes to arrive at a decision. If 55 minutes elapsed 

without a decision, they would be infonned that five minutes remained. 

Process variables reflect what goes 011 during a group decision making session. 

When group members have complementary information, efficient sharing of infonna

tion is the first stage in a solution. We planned to record the time to share all the 

private information as a measure of the efficiency of this stage. 

It was earlier mentioned why the first complete solution generated by the group 

could be expected to influence the time to task completion significantly. Since this 

solution is the starting point for the group's further deliberations it functions as a 

lower bound on the final profit. The higher this lower bound, the faster we would 

expect the group to finish, assuming no dysfunctional movement in later solution 

stages. The second process measurement we planned to make was therefore the time 

taken to generate the first complete proposal giving the amounts of Milk and Cocoa 

distributed to the five divisions. The exact quantities in this proposal would also be 
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recorded in order to calculate the lower bOlmd. 

It was intended to include tm> pieces of data in the third process measurement

time taken to suggest the highest profit proposal and the final proposal. These two 

proposals would be expected to be the same, since groups would have no reason 

to submit an inferior proposal if they had one that yielded a higher profit. If this 

did happen, arithmetic errors would likely be the cause of such an occurrence, but 

possible dysfunctional behaviour on the part of some group members could not be 

ignored. 

The munber of votes to unanimity would also be recorded as a measure of the 

conflict and bargaining propensities among the group members. 

6.5 Pilot Study and 'Thsk Redesign 

The overall objective of this research wac; defined in Chapter 1 as an attempt to 

contribute to the development of a firm empirical foundation on which further theory 

in EMS could be built. One important aspect of this effort was make our results 

comparable to Wmniford's findings to the greatest extent possible so that there 

could be an acCUIIDl1ation of evidence on common research questions. Unfortunately, 

preliminary pilot experiments with the software warranted the conclusion that some 

of the features she used could severely distort the results in our experimental design. 

This leads to the more general observation that research findings in this field can 

be considered comparable only in a very rough and tentative sense, because the 

task environment, especially the software, has a major effect on the outcome. It 

was expected that the increased complexity of the task would help to differentiate 

between the EMS and manual groups' problem solving performance. We deal with 

the software first. 
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6.5.1 Voting Changes 

The voting module in the software compels all group members to cast their vote 

whenever anyone of the members calls for a vote. It simply locks all the members into 

the module and does not let them go to another function until they have cast their 

vote. This led to rather bizzare effects as those group members who did not quickly 

learn how to use the keys involved, or did not wish to use voting as a bargaining 

mechanism became petulant or apathetic. In order to avoid this sort of confounding 

between the ability to persuade others and the ability to exploit the software, it was 

decided to standardize the voting component to three votes taken at tmmty minute 

intervals. 

6.5.2 Process Measurements 

The second set of observations dealt a blow to the planned process measurements. 

We take the information sharing aspect first. Every one of the groups in the manual 

condition shared the information immediately by putting it down on the blackboard. 

The only discussion was about the format of presentation of data on the board 

and never on the need to share the infonnation. Naturally, this took longer in the 

Gees groups because of keyboard entry and variation in typing skills. However, the 

intention to share the information was expressed by some member at the start of the 

session and the others acquiesced at their quickest typing speed. 

The observations of Siegel et al (1986) are particularly relevant to this issue. Since 

typing and reading are physically more time consuming than speaking and listening, 

the authors tried to examine the effect of typing alone in group discussion. They 

asked 10 students to say aloud and to type into a computer the same speech and 

estimated that it was responsible for about 40 percent of the difference in the number 
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of remarks between face-to-face and computer mediated comnnmication. The cost 

of physically entering information into the computer, it was felt, led to an increase 

in task orientation and decision proposals. In our view, it is better to measure the 

impact of computer support by looking at the increase in solution quality resulting 

from greater task orientation. 

Next, we consider the time at which the group produced its first solution. Here 

again, in none of the groups did any of the members consent to make a proposal at the 

end of the first or second twenty minute intervals. The first and only proposal came at 

the end of the sixty minute period, with one group submitting a proposal in the fifty 

sixth minute. This does not mean that the groups had no idea of what their proposal 

was going to be till the end of the period. It just means that many of the solutions 

remained implict and half-fonned with plenty of give and take about the merits of 

different ideas and approaches. In fact, some group members wrote down incomplete 

trial distributions of milk and cocoa as early as the tenth minute. Other members 

held the numbers in their calculators and played with different calculations. The 

range of behaviour was so wide that inspite of our task design it proved impossible 

to say with any degree of accuracy when the first complete solution had occurred 

(since it had not been fonnally proposed). 

Given the above observations, it was decided not to use any process measurements 

based on time elapsed because of the confounding of so many factors. 

6.5.3 Process Interventions 

In the pilot sessions, as expected) all group members did not understand the prob

lem equally well by the end of the hour allowed for the allocation of milk and cocoa. 

Though they could interact with each other for ten minutes after the distribution 



100 

of milk and cocoa to the divisions, some members (in their role as divisional man

agers) proposed infeasible plans, or failed to produce a plan. 'They either used more 

resources than available at their divisions or did not meet the restrictions on indi

vidual flavors. 

In an actual organization, if it is found at the very end of a committee meeting 

that one of the members has made an infeasible contribution to the group decision 

what would happen? If the group decision could not be postponed, in all probability 

the member would be shown various alternatives and urged to "make up your mind." 

'That is, feasibility would be enforced by restricting the choices available to the 

member. It is precisely this effect that sought to sinrulate by having the divisional 

managers individually submit their production plans to the experimenter on a final 

worksheet·. 

If the plan was feasible, it was accepted and divisional profit was inunediately 

computed. If it was infeasible, a standard intervention procedure was adopted to 

recover a feasible solution in such a way that that the expennenter did not affect 

the results inadvertently. 'There were two main considerations in working out this 

procedure. It had to be as realistic as possible and structured so that it could be 

carried over unchanged to the computer networked groups. 

The intervention was based on a sketch of the feasible space given the actual 

distribution of milk and cocoa. This sketch was quicldy produced upon the alloca

tion of milk and cocoa from pre-drawn slopes of the constraint equations. If the 

production plan submitted by a division manager failed the feasibility check, the 

sketch was presented and the subject was requested to choose a point in the feasible 

region. This procedure worked very well and all the subjects were able to make fea

sible choices. It also ensured that all divisional managers were treated equally (not 

identically) whether they submitted feasible plans or not, because each one had to 
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present a final worksheet with the divisional plan in both the computer and manual 

treatments. 
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CHAPTER 7 

FINDINGS 

7.1 Data Analysis 

'This chapter presents the results of statistical analysis of the data collected. One way 

analysis of variance was carried out with the data from task related decisions and 

responses to the questioImaire. There were 17 five member groups (one GCSS/CEO 

group had to be eliminated because of improper instructions) overall, resulting in 

85 completed questioImaires. Five subjects completed the task individually and 

provided a reference point for the group performance comparisons. 

The main statistical test used here is the Kruskal Wallis test because of the small 

sample sizes. It does not require the assumption of nonnality and is also not very 

senstive to unequal treatment variances. If the null hypothesis of equal treatment 

means is rejected, Fisher's Least Significant Differences (LSD's) for multiple com

parisons are calculated. These LSD's are then used to evaluate the hypothesized 

differences between the three treatments. 

7.2 Overview of Results 

Manual groups clearly outperformed both GCSS and GCSS/CEO groups on the 

criterion of overall company profit. The following table sets out the profit figures for 

the different treatments. 
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Obs. No. Manual GCSS GCSS/CEO Individual 
1 89.34 75.55 78.01 86.77 
2 88.82 75.76 37.87 49.30 
3 92.57 82.72 70.56 91.88 
4 93.21 68.02 70.03 89.63 
5 89.36 70.73 89.09 71.51 
6 93.71 78.83 - -

Average 91.17 75.27 69.11 11.82 
Std Dev 2.22 5.32 19.09 17.82 

Table 7.3: Overall Profit Performance 

Overall Profit Performance 

Profit 
100r-------------------------------------~ 

60 

40 

20 

O~------~----~~----~~----~------~ 
1 2 3 4 5 6 

Observations 

- Manual -i- GCSS -*- CEO Indiv. 

Figure 7.6: Graph of Profit Performance 
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7.3 Performance Measures 

Several performance ratios were calculated in order to separate out inefficiencies at 

the group level from those at the divisional level. Fornmlae for overall and divisional 

measures of decision perfonnance are set out in Figure 7.7. In the optinmm solution 

to the problem found with a linear progranuning paclage, all the Milk and Cocoa 

available are used up to arrive at a maxirrn.un profit of $94. 'This would suggest 

that the most obvious index of group or individual performance should consider the 

amount of resources left unused, but that could have been used, to increase company 

profit. Therefore, the first two performance ratios measure the percentage of the 

total amount of Milk and Cocoa used by the group in their final solution. 

Tons Used in Actual Solution 

Milk Usage Efficiency = 
Tons Used in Optimal Solution 

Tons Used in Actual Solution 

Cocoa Usage Efficiency = 

Max Profit Possible 

Sum of DivMaxprofit 

Tons Used in Optimal Solution 

= Maximum Profit possible given 

amounts of Milk and Cocoa used 

= Sum of the maximum possible profits 

of Divisions given ACTUAL distribution 

of Milk and Cocoa to Divisions 
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Actual Profit = Actual Company Profit 

Sum of DivMaxProfit 

Distribution Efficiency = 
Max Profit Possible 

Actual Profit 

Divisional Efficiency = 
Sum of DivMaxProfit 

Actual Profit 

Overall Performance = -------------

Optimal Solution 

Figure 7.7: Performance Ratios 

The group or individual may not have consumed all the available resources. But 

given the amounts they actually did consume, how did they divide these amounts 

among the different departments ? The best that they could have done is measured 

by calculating the maximum possible profit conditional on the total tons of Milk 

and Cocoa actually used, without considering how these quantities were actually 

distributed to the five divisions. This is called Max Profit in Figure 7.7. 

If account is taken of the munber of tons of Milk and Cocoa distributed to the 

departments, we can calculate a purely local measure by finding the best profit that 

each divisional manager could have achieved. The sum of the five optimum divisional 

profits conditional on the actual distribution of Milk and Cocoa tells us how well the 
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Milk and Cocoa were distributed. If this figure is divided by Max Profit, the result 

is distribution efficiency. 

Finally, actual company profit is divided by the sum of the rnaxi.nrum divisional 

profits conditional on the actual distribution of milk and cocoa, to get a measure of 

divisional efficiency. It is divided by the optinnnn company profit to get an Overall 

measure of performance. 

7.3.1 Individual and Group Performance 

All five suhjects who participated as individuals worked until the end of the 60 

minute period and completed the task successfully. They thought it was "easy" but 

there was wide variation in their performance levels ranging from 50% to 98% of 

the optimum. These responses only serve to underline the fact that self reported 

measures of performance are unreliable. The strategies used by the subjects fell into 

two categories. The first was a ranking of the profit co·efficients in the objective 

function follO'wed by distribution of common resources accordingly. The second was 

a resource based strategy that divided up the resources approximately equally fol

lowed by shifting of resources between departments. The individual who achieved 

the highest score (98% of optimum) ranked the flavors by profit contribution and 

exhausted the additive in each division before moving on to the next division. The 

subject did not consider the differential rate of resource consumption by the different 

flavors and prodcuts but proceeded on the assumption only on the basis of the profit 

coefficients. The individual who achieved the second-highest profit concentrated on 

the binding requirements in each division first and having satisfied them, proceeded 

to allocate Milk and Cocoa based on the profit contribution. This led to a perfor

mance level of 93% of the optinmm. The worst performing individual satsfied the 

binding requirements first and then attempted to shift resources. However, the initial 
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Average - Manual, GCSS, GCSS/CEO Individual 
Measure Average Std Dev Average Std Dev 

Milk Usage Efficiency 0.953 0.067 0.901 0.172 
Cocoa Usage Efficiency 0.968 0.057 0.916 0.137 

Max Profit Possible 90.857 4.884 86.646 13.012 
Sum of DivMaxProfit 82.308 12.012 84.240 13.944 

Actual Profit 79.067 13.884 77.519 17.964 
Overall Performance 0.876 0.128 0.825 0.191 

Distribution Efficiency 0.905 0.085 0.970 0.019 
Divisional Efficiency 0.880 0.14'j' 0.912 0.085 

Table 7.4: Average Group vs Individual Performance Indices 

GCSS Manual GCSS/CEO 
Measure Avg SDev Avg SDev Avg SDev 

Milk Usage Efficiency 0.925 0.094 0.970 0.014 0.967 0.069 
Cocoa Usage Efficiency 0.929 0.078 0.994 0.010 0.982 0.044 

Max Profit Possible 87.482 6.272 93.217 0.592 92.076 4.302 
Sum of DivMaxProfit SO. 111 2.668 91.898 2.012 73.436 17.877 

Actual Profit 75.266 5.322 91.165 2.222 69.111 19.087 
Overall Performance 0.852 0.028 0.978 0.021 0.781 0.190 

Distribution Efficiency 0.918 0.045 0.986 0.019 0.792 0.168 
Divisional Efficiency 0.878 0.087 0.992 0.019 0.749 0.192 

Table 7.5: Group Performance Indices 

distribution was very inefficient and it was not easy to recover from it. Table 7.1 

summarizes the data on individual performance. 

'Thrning to group performance, Table 7.4 compares individual performance to 

average group performance. Table 7.5 presents the task performance indices for all 

three treatment groups. 

Since the munbers in these tables are averages of the percentages calculated for 

each group, the performance ratios from Figure 7.7 carmot be directly applied to 

them. It is also not possible to conduct a formal analysis of variance with this 
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Source DF Sum of Mean F Pr>F 
Squares Square 

'freatment 2 1460.47 730.24 6.297 0.025 
Error 14 1623.60 115.97 
Total 16 3084.07 

Table 7.6: Anova Test for Difference of Means. 

composite table since there are only five individuals in the sample while there are 

18 groups. These are severe limitations, but it is nevertheless possible to make some 

reasonable observations about these data 

Firstly, the average decision performance of groups (taken over all groups), is not 

very different from that of the individuals in terms of the performance ratios. The 

two computer treatments include GCSS with majority vote and GCSS with CEO 

chosen by majority vote to allocate the common resources. As we will see later, 

manual groups achieve distinctly higher performance than the individuals. There

fore, we reach the following tentative conclusion regarding the effect of computer 

conmnmication. The computer network impedes the performance of a group of five 

members on a task of the type used in this research. 

Secondly, the variability in the performance of groups is clearly less than that of 

the individuals, which is not surprising. The group decision process can be looked 

upon as an elaborate weighting mechanism and it is known from elementary statis

tics that the variance of the mean is smaller than the variance of the underlying 

distribution. 

7.3.2 Tests on 'freatment Means 

Tables 7.6, 7.7 and 7.8 pertain to overall profit achieved under the three treatments. 
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Source DF Sum of Mean F Pr>F 
Squares Square 

TI-eatment 2 265.96 132.980 13.107 0.001 
Error 14 142.04 10.146 
Total 16 408.00 

Table 7.7: Kruskal Wallis Test for Difference of Means. 

It is obvious from the figures that the hypothesis of equal means is sotllldly 

rejected both in the parametric as well as non- parametric tests, at an Q level of 2% 

(F = 13.079, p :::; .001; F = 6.297, p :::; .025 ). 

We conclude that the three treatments have different effects on overall decision 

quality. 

Location of Differences 

According to the first set of hypotheses, HI, GCSS and GCSS/CEO groups will 

achieve the same level of decision performance while Manual groups will be lowest. 

For multiple comparisons at a level of significance of Q = 0.05, the value of t (.975, 14) 

= 2.1448 is used and the Least Significant Difference (0.05) value for the comparisons 

are: 

Anova : 

Kruskal Wallis: 

GCSS/MANUAL : LSD (0.05) = 3.943 

GCSS/CEO : LSD (0.05) = 2.503 

GCSS/MANUAL : LSD (0.05) = 3.943 

GCSS/CEO : LSD (0.05) = 2.503 
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GCSS/CEO GCSS Manual 
Average Profit 69.111 75.266 91.165 
Average Rank 5.600 6.500 14.333 

Thble 7.8: Overall Decision Quality - Means. 

The rank means (for Kruskal Wallis) and profit means (for ANOVA) when ordered 

from smallest to largest appear in Thble 7.6. 

The difference between the manual group average and the computer groups is 

clearly larger than the largest of the LSD, but it appears that there is no significant 

difference between the two computer treatements. Thus, we conclude that contrary 

to our e.."q)eCtations perfonnance actually degenerates with GCSS support. 

7.3.3 Efficiency Tests 

In this section we carry out statistical tests on Usage Efficiency, Distribution Effi

ciency and Divisional Efficiency. 

Usage Efficiency 

Tables 7.9 and 7.10 give the calculations for the Kruskal Wallis test for Milk Usage. 
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Source DF Sum of Mean F Pr>F 
Squares Square 

'D:eatment 2 265.96 132.980 13.107 0.001 
Error 14 142.04 10.146 
Total 16 408.00 

Table 7.9: Test for Difference of Mean Milk Usage 

From the above figures the hypothesis of equal means is rejected an a level of 8% 

(F = 3.618, p ~ .1). 

For multiple comparisons at a level of significance of a = 0.10, the value of t 

(.95, 14) = 1.7613 is used and the Least Significant Difference (0.10) value for the 
. .. 

compansons IS gIven as: 

GCSS/MANUAL : LSD (0.10) = 4.376 

GCSS/CEO : LSD (0.10) = 4.675 

The rank means (for Kruskal Wallis) when ordered from smallest to largest appear 

as follows: 

II I GCSS/CEO I GCSS I Manual II 
Average Rank 7.400 8.333 11.000 

Table 7.10: Milk Usage Efficiency - Means. 

Since the difference between all pairs of means exceeds the largest of the LSD 

all treatment means are significantly different from one another. Thus, we conclude 

that the efficiency of usage is highest in the GCSS/CEO treatment. 
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Source DF Sum of Mean F Pr>F 
Squares Square 

'freatment 2 239.03 119.515 9.902 0.005 
Error 14 168.97 12.069 
Total 16 408.00 

Table 7.11: Distribution Efficiency 

II Average Rank I G~~{gEO I ~S I ~~: II 
Table 7.12: Distribution Efficiency - Means. 

Distribution Efficiency 

The second set of hypotheses, H2, states that distribution effficiency will be equal in 

GCSS and GCSS/CEO groups, and lowest in manual groups. 

Thbles 7.11 and 7.12 gives the relEMlIlt calculations and it clear that the hypothesis 

of equal means is rejected by the Kruskal Wallis test at an a level of 0.5% (F = 9.902, 

p ~ .005). 

For multiple comparisons at a level of significance of a = 0.05, the value of t 

(.975, 14) = 1.7613 is used and the Least Significant Difference (0.05) value for the 
. .. 

compansons IS given as: 

GCSS/MANUAL : LSD (0.05) = 3.897 

GCSS/CEO : LSD (0.05) = 4.087 

Since the difference between all pairs of means exceeds the largest of the LSD all 

treatment means are significantly different from one another. Thus, we conclude that 

the efficiency of distribution is highest in the manual treatment treatment and lowest 
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Source DF Swnof Mean F Pr>F 
Squares Square 

"freatment 2 257.47 128.50 11.95 0.001 
Error 14 150.53 10.75 
Total 16 408.00 

Table 7.13: Divisional Efficiency 

in the CEO treatment, the exact opposite of the hypothesized ordering. This is a 

significant finding because it tells us that at the very least, the manual groups malce 

much better resource allocation decisions than the computer groups. We consider 

the divisional efficiency next. 

Divisional Efficiency 

The third set of hypotheses, H3, states that divisional efficiency will be equal in 

CCSS and GCSS/CEO groups, and lowest in manual groups. 

From the figures in Thble 7.13 the hypothesis of equal means is rejected by the 

Kruskal Wallis test at an a level of .1% (F = 11.95, p :5 .001). 

For multiple comparisons at a level of significance of a = 0.05, the value of t 

(.975, 14) = 2.1448 is used and the Least Significant Difference (0.05) value for the 
. .. 

compansons IS given as: 

GCSS/MANUAL : LSD (0.05) = 2.344 

GCSS/CEO : LSD (0.05) = 2.578 

The rank means (for Kruskal Wallis) when ordered from smallest to largest appear 

in Table 7.14. 

Since the difference between all pairs of means exceeds the largest of the LSD 
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II Average Rank I ~~~EO I ~S I ~~~ II 
Table 7.14: Divisional Efficiency - Means 

all treatment means are significantly different from one another. Thus, we conclude 

that divisional efficiency is highest in the manual treatment followed by the GCSS 

treatment and then the CEO treatment. Again this is the exact opposite of the 

hypothesized ordering and the third set of hypotheses is also soundly rejected. 

7.3.4 Perception of Performance 

Tables 7.15 through 7.20 summarize Kruskal Wallis tests on participant responses to 

the post-experimental questionnaire. For each group, the responses of the 5 members 

were averaged and this figure was used as the group score. There were thus 17 

observations for each question. In all cases the null hypothesis is one of no difference 

between the means of the treatments and is tested first. If it is rejected the exact 

location of the differences between the means is examined. 

Quality of Group Process 

The quality of group process was measured from the responses to five questions in 

the post-experimental questionnaire (6, llb, c, d, and e). 

The fourth set of hypotheses, H4, states that Manual groups will report lowest 

quality of group process while GCSS and GCSS/CEO groups will perceive no differ

ence in the quality of their group process. 

The null hypothesis of no difference in perceived quality of group process is re

jected by the Kruskal Wallis test at an Q level of 2.5% (F =6.034, p ::; .025) . 

.... 
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Source DF Sum of Mean F Pr>F 
Squares Square 

Theatment 2 188.87 94.44 6.034 0.025 
Error 14 219.13 15.65 
Total 16 408.00 

Thble 7.15: Perceived Quality of Group Process 

II Average Rank I GCS6~~~EO I ~~S I ~~~ II 
Thble 7.16: Quality of Process - Means 

The rank means for Quality of Process when ordered from smallest to largest 

appear as follows: 

GCSS/MANUAL : LSD (0.05) = 4.91 

GCSS/CEO : LSD (0.05) = 5.15 

The LSD (.05) figures reveal that manual groups rate the quality of their process 

highest followed by the computer groups which are indistinguishable. TIlUS the 

second part of hypothesis 4 which is not rejected. 

Evenness of Participation 

The fifth set of hypotheses, H5, states that GCSS groups will report member par

ticipation to be more even than manual groups while GCSS/CEO groups will 1'ep07't 

participation to be more uneven. Participant responses to questions 7,9,10,11 and 12 

provided the data for testing this hypothesis 

It is evident from tables 7.17 and 7.18 that the null hypothesis of equally even 

participation in all treatments cannot be rejected at an a level of less than 25%. It 
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Source DF Swnof Mean F Pr>F 
Squares Square 

'freatment 2 76.87 38.435 1.625 0.25 
Error 14 331.13 23.650 
Total 16 408.00 

Table 7.17: Evenness of Participation 

II Average ~ I G~~~~EO I ~S I ~~ II 
Table 7.18: Evenness of Participation - Means. 

appears that computer groups did not feel that participation was more even than 

manual groups, which is an unexpected finding. 

While an a level of 25% is too big an error to be acceptable, we proceed with the 

LSD's to get ~ idea of the closeness between the means. 

The rank. means for Evenness of Participation when ordered from smallest to 

largest appear as follows: 

GCSSjMANUAL : LSD (0.05) = 6.029 

GCSSjCEO: LSD (0.05) = 6.321 

The LSD (.05) figures reveal that the manual and computer groups are indistin

guishable. There is no support for Hypothesis 5 in these results. 

Satisfaction with Process 

The sixth set of hypotheses, H6, states that GCSS groups will be more satisfied than 

manual groups with group process while GCSS/CEO groups will report less satisfac

tion than both. Responses to question 11a were used to examine this hypothesis. 
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Source DF Smnof Mean F Pr>F 
Squares Square 

'freatment 2 93.13 46.56 2.070 0.125 
Error 14 314.87 22.49 
Total 16 408.00 

'!able 7.19: Satisfaction with Process 

Source DF Smnof Mean F Pr>F 
Squares Square 

'freatment 2 271.03 131.52 13.856 0.001 
Error 14 136.97 9.78 
Total 16 408.00 

Table 7.20: Quality of Outcome 

From Table 7.19 it is clear that the null hypothesis cannnot be rejected. GCSS 

groups are not, on average, more satisfied with their decision making process than 

manual groups. Also, GCSS/CEO groups cannot be claimed to be less satisfied than 

the other groups. Thus, we do not find any support for hypothesis 6. 

Quality of Outcome 

The seventh set of hypotheses, H7, gives the following ordering for perceived quality 

of the final solution. The GeSS groups will be highest, followed by manual and 

GeSS/CEO groups in that order. 

It is evident from tables 7.20 and 7.21 that the null hypothesis of equal treatment 

means is rejected at an a level of 0.1%. 

The LSD calculations and ordered rank means for perceived Quality of Outcome 

are given below. 
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Thble 7.21: Perceived Quality of Outcome - Means. 

GCSS/MANUAL : LSD (0.05) = 3.880 

GCSS/CEO : LSD (0.05) = 4.068 
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The manual groups clearly perceive their solution to be of much higher quality 

than the GCSS and GCSS/CEO groups. 

Overall Effectiveness of Process 

The eighth set of hypotheses, H8, gives the following ordering for perceived effec

tivenss of the group process. The Manual groups will be highest, and there will be no 

difference between the GCSS and GeSS/CEO groups. Subject responses to questions 

1,2,3, and 5 provided the data for testing this hypothesis 

It is evident from Table 7.22 that the null hypothesis of equal treatment means 

is rejected at an a level of 0.1%. 
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Source DF Stun of Mean F Pr>F 
Squares Square 

neatment 2 271.03 131.52 13.856 0.001 
Error 14 136.97 9.78 
Total 16 408.00 

Thble 7.22: Effectiveness of Process 

II Average Raruc I ~~{;EO I ~S I ~~: II 
Table 7.23: Perceived Effectiveness of Process - Means. 

The ordered rank means for Quality of Process appear in Thble 7.23 and the LSD 

calculations are given below. 

GCSS/MANUAL : LSD (0.05) = 3.880 

GCSS/CEO : LSD (0.05) = 4.068 

The manual groups clearly perceive their solution process to be nruch more effec

tive than the GCSS and GCSS/CEO groups. These results are exactly identical to 

the perceived quality of the final solution. 

This hypothesis, that GCSS groups will perceive their process to be less effective 

than is not rejected. It appears that the computer groups made inefficient decisions 

in comparison with manual groups but also felt that their process was not as effective. 

This is one instance where the perception matches the reality. 
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CHAPTERS 

CONCLUSIONS 

S.l '!ask and technology 

The questions we have sought to answer in this study have been somewhat different 

from the bulk of research on computer support for group decision making. Strictly 

speaking, we have not "supported" the group but constrained the conmnmication 

channels between the members. When can this be claimed to support the group ? 

The short answer is : When the social component of the interaction between group 

members interferes with achievement of group goals. 

It appears from the results of this research that for the type of decision task we 

have considered, the social infOImational component of interaction is crucial for the 

emergence of good solutions. 'Ibis is not unexpected - social interaction is likely to 

lead to higher performance when groups work on fairly complicated tasks that require 

considerable information processing, or when no member of the group possesses an 

especially high level of task-relevant lmowledge (Hackman and Morris, 1975; Fisher, 

1980; Shaw, 1981). Also, group discussion can exert a postive effect on individual 

decisions made subsequent to interaction. This is most clearly evident from the 

divisional efficiencies. Among all treatments the most efficient divisional decisions 

were made by the managers in the manual treatment. 

It seems that face-to-face groups help their members understand the task better 

and that this elicits higher levels of performance from the group as a whole. It 
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has been suggested that this could also be due to the greater influence of the best 

member of the group and the social influence of the most confident member of the 

group (Shaw, 1981). Thus, manual groups achieved higher profit than computer 

groups and when a chainnan was selected to make a decision for the computer 

group, performance degraded further. From the questionnaire responses it appears 

that this happened because a single individual (the chainnan) became overloaded 

with information and also felt that their reward should be greater than the other 

members of the group. As a consequence the group outcomes in this last treatment 

showed as nruch variability as the five subjects who participated as individuals. 

In Chapter 1 it was pointed out that the positive evidence for EMS is largely 

anecdotal in nature or specific to narrow contexts that share certain features. 

First, the strongest evidence for EMS has come from those applications that 

have benefitted from the ability of software to maintain the anonymity of partici

pants while allowing them to contribute sinrultaneously. BrainstonniIlg is a typical 

task where the anonymous input of ideas allows group members to participate effec

tively without running into nmnerous productivity inhibitors. Corporate meetings 

where participants can express their honest opinions and evaluate each other's ideas 

solely on their merit, without deferring to powerful members, is another common 

application. However, it appears that anonymity has no useful role to play in our 

task. 

Second, the parallel processing that is so crucial in brainstonning applications 

(Valacich, 1989) is irrelevant for conjunctive tasks of the kind studied here. Sharing 

information may be disjunctive in this task but the actual learning and cognitive 

stinrulation effects seem to occur when the information is being processed. This was 

reflected in the fact that the divisional efficiency was higher for the manual groups 

than the computer groups. 
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Third, there is the issue of group memory. It is fOlmd that in verbal exchanges 

group members may focus on soley on their task and not listen to the other members 

of the group. The group may lack focus and not have a common memory of what 

has occurred. It has been suggested that a group member's ablility to examine 

previous work during the group exchange will induce cognitive synergy and reduce 

idea redundancy (Valacich et al., 1989). But what does ''previous work" actually 

mean and when is it useful ? 

In a brainstorming task, it means just the ideas generated by the participants. 

On the other hand, for a problem solving task, nruch of the work may be implicit. A 

member of a computer networked group who understands the problem very well and 

is able to solve his/her part efficiently may do so without actually entering anything 

into the system unless queried by the other members. On the other hand, in a face

to-face group there is a range of corrmnmicative behaviors that can be used to convey 

information about the problem solving process. 

8.2 Implications 

This research has considered only groups with five members, but that may not limit 

the usefulness of the conclusions that can be drawn. 

A group size of five was chosen because there is some evidence to show that 

increasing the size of a face-to-face problem solving group beyond five actually de

grades perfonnance. FUrther, upto the critical size of five, high ability groups show a 

stronger perfonnanceJsize trend than groups with low ability members (Yetton and 

Bottger, 1983; Bottger and Yetton, 1988). 

Is it possible to augment the performance of face-to-face groups of "optimal" 

size, which is five members ? The current results would seem to suggest that process 
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losses in these optimally sized face-to-face problem solving groups carmot be reduced 

through computer intervention of the kind described here. Would the optimal size 

itself change as a result of computer intervention? This is an interesting research 

direction, especially because it seems to be the case for brainstorming tasks (Dennis 

et aI, 1989). 

The implications of this research are straightforward~ It was hypothesized that 

groups networked by computer would perform better on a complex: task than face 

to face groups because they would be more task oriented and less inhibited. The 

results showed that freely interacting manual groups achieved consistently higher 

performance. 

We conclude that while it may be expensive to create the conditions to support 

face-to-face comrrnmication among group members, it would seem to be necessary if 

solution quality is the primary objective of bringing individuals together in problem 

solving groups. 
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APPENDIX A 

EXPERllvIENTAL MATERIALS AND DATA 
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INTRODUCTION AND PRACTICE TASK 

BACKGROUND 

This is an experiment in group decision making. During this 
session your group will be asked to make a production decision 
for a hypothetical firm. 

Before we introduce you to the actual experimental task we 
need to familiarize you with the computer software you will be 
using for discussion and decision making. To do this, you are 
going to take a few minutes to make a decision for this 
PRACTICE task - What was the best movie of 1989 ? 

DISCUSSION METHODS AND RULES 

The only way you can share information or insight is by using 
your terminal (we will refer to it as the GDSS). There are NO 
restrictions on what you can communicate through the GDSS. 
Now look at the screen. The BLUE area is the PUBLIC space 
through which you communicate with the other members of your 
group. The BLACK area is your PRIVATE space from where you 
enter information. If you type text here and press the F2 key, 
it will appear in the PUBLIC area and remain there till the 
end of the experiment. All text will be colored white ... FOR 
PRACTICE, ENTER SOME TEXT IN THE BLACK AREA AND PRESS F2. 
You can use the PgUp and PgDn keys to scroll up and down the 
PUBLIC area ...... TRY USING THE KEYS NOW. 

By the time 4 minutes have elapsed, each of you must enter 
your choice for best movie of 1989 into the GDSS. 

If all members of your group carry out this task successfully, 
each of you will each be $1 in cash. 

The purpose of this practice task is to familiarize you with 
the GDSS. We want you to be comfortable with the keys - F2, 
PgUp, PgDn - you will be using for the real experiment after 
this practice. 
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PRODUCT MIX EXPERIMENT 
BACKGROUND 

During this experiment your group will be asked to make a 
production decision for a hypothetical firm (Sweetooth Candy 
Company) which is in the business of producing bulk candy. The 
reason for selecting a candy company is simply to create a 
context in which the problem can be discussed. The information 
that you will be given about this firm neither describes a 
real company nor is it representative of a real candy company. 

The amount of money you earn for this experiment will depend 
on the final decision of your group. If your group carefully 
follows the rules of the experiment each of you will be paid 
$2 for completing the task plus 8.5 % of the amount of profit 
of Sweetooth Candy Company in cash. For example, suppose the 
profit of the company is $68; each member of your group would 
then receive $2 + $68*.085 = $7.78. Here, you receive $2 for 
completing the task according to the rules, plus $5.78 which 
is 8.5% of $68 (company profit). If your group cannot agree 
over a decision the company profit will be set equal to o. You 
will be paid in cash at the conclusion of the experiment. 

THE SWEETOOTH CANDY COMPANY 

The Sweetooth Candy Company is in the bulk candy business and 
produces 5 types of candy - Almond, Pecan, Mixed, Bitter, 
Fruit. Each type of candy is produced in TWO different flavors 
- Almondl, Almond2; Pecanl, Pecan2; Mixedl, Mixed2; Bitterl, 
Bitter2; Fruitl, Fruit2. 

The Company has FIVE divisions, with each division being 
responsible for BOTH flavors of ONE type of candy. Referring 
to the figure below, Almondl and Almond2 are produced by the 
Almond division, Pecanl and Pecan2 are produced by the Pecan 
division, etc. Each division is run by a manager. 

THE SWEETOOTH CANDY COMPANY 

Corporate Committee (of all 5 managers) 

ManagerA ManagerP ManagerM ManagerB ManagerF 
Almond Pecan Mixed Bitter Fruit 
Division Division Division Division Division 
---------- ----------- ---------- ---------- ---------
Almondl Pecanl Mixedl Bitterl Fruitl 
Almond2 Pecan2 Mixed2 Bitter2 Fruit2 

The five division managers are all members of the Corporate 
Committee that has overall responsibility for the operation of 
the Sweetooth Candy Company. Thus, each manager has a dual 
role -
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i) Member of the Corporate Committee that runs the company. 
ii) Manager of his/her particular division. You are the 

manager of the division. 

INGREDIENTS REQUIRED AND AMOUNTS AVAILABLE 

All the candy made by Sweetooth Candy Company contains Milk 
and Cocoa. Thus, Milk and Cocoa are used by all the Divisions. 

All divisions use two common ingredients - MILK and COCOA. 

Each division also uses a unique ingredient in addition to 
Milk and Cocoa. This unique ingredient, WHICH IS DIFFERENT FOR 
EACH DIVISION, will be called an ADDITIVE. For example, the 
Almondl and Almond2 di vision uses Almond essence and the 
Pecanl and Pecan2 division uses Pecan nuts. 

Each division also uses a unique ingredient - an ADDITIVE. 
Note that this additive in NQT transferable among divisions. 

MILK and COCOA available to Corporate Committee. 

270 TONS of MILK available to Corporate committee 
187 TONS of COCOA available to Corporate Committee 

ADDITIVE available to YOUR division. 

The amount of ADDITIVE available to your division, which is 
the division, is TONS. 

THE EXPERIMENT IN WHICH YOU WILL PARTICIPATE 

The Corporate Committee is responsible for the distribution of 
the MILK and COCOA available to the divisions. It has to 
decide exactly how much MILK and how much COCOA to give to 
each of the five divisions. 

Each of you is the manager of ONE division; you are also a 
member of the Corporate Committee that is responsible for 
overall (COMPANY) performance. The operating details of your 
division are given in your DIVISION information sheet. 

Your job today, as a group (the Corporate committee), is to 
decide how to distribute the MILK and COCOA to the five 
divisions, so as to make the largest profit for Sweetooth 
Candy Company. The Corporate Committee will make use of the 
GDSS and the paper pads and pencils provided to make its 
decision. The GDSS is available to all the members of the 
committee to communicate whatever they wish. 

As individuals, the information you have about the products at 
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your division MAY NOT currently be known to the other members 
of the corporate Committee. You may share the information you 
have with the other group members and also discuss the 
solution under the following restriction. The only way you can 
share information or insight is ~y using the GDSS. There are 
NO restrictions on what you are allowed to share or 
communicate. 

OPERATING DETAILS 

As we have already mentioned, Milk and Cocoa are used by all 
five divisions. The corporate office buys all the Milk and 
Cocoa and distributes it to the five divisions. This means 
that the amount of Milk & Cocoa available to the Corporate 
Committee has to be shared among all the 5 divisions. 

Let us recall that each manager has a dual role -

i) Member of the Corporate Committee that runs the company. 
ii) Manager of his/her particular division. 

These two roles carry different responsibilities. 

1) As a Committee Member you have to decide how much MILK and 
COCOA the five different divisions should receive from the 
Corporate Committee, in order to maximize COMPANY profit. In 
this role you are responsible for the evaluation of the profit 
potential of the individual divisions. 

2) As a Division Manager, you will decide exactly how many 
tons of each of your two flavors of candy you would like to 
produce. You must do this with the MILK and COCOA given to you 
by the Corporate committee, and the ADDITIVE available at your 
division. 

Profit of the Company 

Your job today, as a group (the Corporate Committee), is to 
decide how to distribute the MILK and COCOA available to the 
five divisions, so as to make the largest profit for Sweetooth 
Candy Company. The table below gives the PROFIT in dollars for 
1 ton of each flavor of candy. 

Flavor Almond1 Almond2 Bitter1 Bitter2 Fruit1 Fruit2 
----------- ------- -- ---- ------- ------- ------- -------
$Profit/ton 1. 73 1.47 1. 20 2.25 1. 50 2.15 

Flavor Mixed1 Mixed2 Pecan1 Pecan2 
----------- ------- -- ---- ------- -------
$Profit/ton 1. 75 1.63 2.30 1. 50 
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The company profit is calculated simply by adding the profit 
from each candy type; in other words it is simply the sum of 
the profits of all the five divisions. 

Note that 1 ton of Almond1 gives a profit of $1.73, 1 ton of 
Almond2 gives a profit of $1.47 ••. etc. Therefore, the overall 
COMPANY Profit in dollars is -

1.73*Almond1 + 1.47*Almond2 + 1.20*Bitterl + 2.25*Bitter2 + 
1.50*Fruit1 + 2.15*Fruit2 + 1.75*Mixed1 + 1. 63*Mixed2 + 
2.30*Pecan1 + 1.50*Pecan2 

Here, Almond1 and Almond2 stand for the # tons of the 2 candy 
types made in the Almond division, Bitterl and Bitter2 for the 
# tons of the 2 candy types in the Bitter division etc,. 

RULES OF THE COMMITTEE 

As a group, the Corporate committee must arrive at a unanimous 
decision (all committee members must agree with the decision) 
regarding the distribution of MILK and COCOA. The committee 
may attempt to do this by proposing and evaluating different 
ways of distributing the available MILK and COCOA based on the 
information they have. 

The only way you can share information or insight is by using 
the GDSS. There are NO restrictions on information or insights 
that you can share or communicate (about individual divisions, 
any proposals, calculations, inf~=mal polls, etc.,). 

During the discussion, different ways of distributing the MILK 
and COCOA may be proposed and discussed. 

Any proposed distribution of MILK and COCOA is acceptable only 
if the total amount distributed to all five divisions is not 
more than the amount available to the Corporate Committee. 

Proposals will be voted on THREE times during the session - at 
the end of 20 minutes, 40 minutes and 60 minutes. When a vote 
is called you may submit a Proposal on the form provided. If 
you submit a Proposal. you will also type it into the GDSS. 
All the Proposals submitted will be put up on the board. Then, 
one of them will be chosen at random and voted upon. You will 
cast your vote anonymously and the total number of votes for 
the Proposal will be recorded. If the vote is not unanimous, 
a second Proposal will be chosen at random from the remaining 
ones, and voted upon. This will be continued till there is 
unanimity or all the Proposals have been considered. 
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If there is not a unanimous vote for any proposal, you will 
continue with the experiment and try to reach a decision on 
the next round of Proposal submission and voting. 

If the vote for a Proposal to distribute MILK and COCOA is 
unanimous, these ingredients will be distributed accordingly. 
The divisional managers will record on a worksheet, the amount 
of MILK and COCOA given to their respective divisions. 

ONCE THE MILK and COCOA DISTRIBUTION HAS BEEN RECORDED each 
divisional manager must submit a worksheet within 10 minutes 
stating how many tons of each of the two candy flavors will be 
produced at his/her division. During this 10 minute period you 
may continue group discussion under the previous rules. 

The experimenter will collect the worksheets and ensure that 
the amounts of MILK, COCOA and ADDITIVE used are not more than 
what is available to each division. He will then calculate the 
COMPANY PROFIT using the profit equation, reproduced below. 

l.73*Almondl + 1.47*Almond2 + 1.20*Bitterl + 2.25*Bitter2 + 
1.50*Fruitl + 2.15*Fruit2 + 1.75*Mixedl + 1.63*Mixed2 + 
2.30*Pecanl + 1.50*Pecan2 

After calculation of company profit, TaE EXPERIMENT IS OVER. 
If the Committee does not make a decision by the time the 
third and last vote is taken (at 60 minutes), or if the final 
proposal is found not to be acceptable, company profit will be 
set equal to 0, and the experiment will be TERMINATED. 

REMINDER REGARDING INSTRUCTIONS 

The only way you can share information or insight is by using 
the GDSS. Do not usa any other way of communicating. There are 
NO restrictions on the information or insights that you can 
share or communicate (about individual divisions, proposals, 
informal polls, calculations etc.,). 

To ensure that the experiment proceeds correctly, according to 
the experimental rules, a researcher will remain in the room 
during the experiment. If the rules of the experiment are 
violated in any way, company profit will be set equal to 0 and 
the experiment will be stopped immediately. 

After the experiment is over, each member of your group will 
fill out a questionnaire about your reactions to the task, and 
the group. 

For the integrity of this experiment to remain intact, you are 
requested not to discuss any part of this experiment with any 
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others who have not participated. What you tell them may 
influence their decisions and contaminate our research. 

Do you have any questions ? After this juncture, I will not 
participate, except to answer questions about the GOSS. 
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PRODUCT MIX EXPERIMENT - INDIVIDUAL 

BACKGROUND 

During this experiment you will be asked to make a production 
decision for a hypothetical firm (Sweetooth Candy Company) 
which is in the business of producing bulk candy. The reason 
for selecting a candy company is simply to create a context in 
which the problem can be discussed. The information that you 
will be given about this firm neither describes a real company 
nor is it representative of a real candy company. 

The amount of money you earn for this experiment will depend 
on your final decision. If you carefully follow the rules of 
the experiment you will be paid $2 for completing the task 
plus 8.5 % of the amount of profit of Sweetooth Candy Company 
in cash. For example, suppose the profit of the company is 
$68; then you would then receive $2 + $68*.085 = $7.78. Here, 
you receive $2 for completing the task according to the rules, 
plus $5.78 which is 8.5% of $68 (company profit). If you do 
not make a decision the company profit will be set equal to o. 
You will be paid in cash at the end of the experiment. 

THE SWEETOOTH CANDY COMP~~~ 

The Sweetooth Candy Company is in the bulk candy business and 
produces 5 types of candy - Almond, Pecan, Mixed, Bitter, 
Fruit. Each type of candy is produced in TWO different flavors 
- Almondl, Almond2i Pecanl, Pecan2i Mixedl, Mixed2i Bitterl, 
Bitter2; Fruitl, Fruit2. 

The Company has FIVE divisions, with each division being run 
by a manager who is responsible for BOTH flavors of ONE type 
of candy. Referring to the figure below, Almondl and Almond2 
are produced by the Almond division, Pecanl and Pecan2 are 
produced by the Pecan division, etc. You are the chairman of 
the company and all division managers report directly to you. 
As Chairman of th~ company you tell the managers how much of 
each flavor of candy to produce at their departments. 

THE SWEETOOTH CANDY COMPANY 

Chairman (You) 

ManagerA ManagerP ManagerM ManagerB ManagerF 
Almond Pecan Mixed Bitter Fruit 
Division Division Division Division Division 
---------- ----------- ---------- ---------- ---------
Almondl Pecanl Mixedl Bitterl Fruitl 
Almond2 Pecan2 Mixed2 Bitter2 Fruit2 
--------- ----------- ---------- ---------- ---------
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INGREDIENTS REQUIRED AND AMOUNTS AVAILABLE 

All the candy made by Sweetooth Candy Company contains Milk 
and Cocoa. Thus, Milk and Cocoa are used by all the Divisions. 

All divisions use two common ingredients - MILK and COCOA. 

Each division also uses a unique ingredient in addition to 
Milk and Cocoa. This unique ingredient, which is different for 
each division, will be called an ADDITIVE. For example, the 
Almondl and Almond2 di vision uses Almond essence and the 
Pecanl and Pecan2 division uses Pecan nuts. 

Each division also uses a unique ingredient - an ADDITIVE. 
Note that this ADDITIVE is NOT transferable between divisions. 

MILK and COCOA (tons) available to you, the Chairman. 

MILK - 270 
COCOA - 187 

ADDITIVE available at each division (tons). 

Almond - 80 ; Pecan - 65; Bitter - 35; Fruit - 45; Mixed - 65. 

THE EXPERIMENT IN WHICH YOU WILL PARTICIPATE 

As Chairman, you must allocate the MILK and COCOA available to 
the five divisions and also decide how many tons of each of 
the two products will be produced at the five divisions. You 
must do this so as to make the largest profit (and hence 
greatest payout to you) for Sweetooth candy Company. You may 
use the paper pad/worksheets provided to make your decision. 

The operating details of the divisions are given in DIVISION 
information sheets available in your folder. 

Profit of the Company 

The table below gives the PROFIT in dollars for 1 ton of each 
flavor of candy. 

Flavor Almond1 Almond2 Bitterl Bitter2 Fruit1 Fruit2 
----------- ------- -- ---- ------- ------- ------- -------
$Profit/ton 1. 73 1.47 1.20 2.25 1. 50 2.15 

Flavor Mixed1 Mixed2 Pecanl Pecan2 
----------- ------- -- ---- ------- -------
$Profit/ton 1. 75 1.63 2.30 1. 50 

The company profit is calculated simply by adding the profit 
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from each candy type; in other words it is simply the sum of 
the profits of all the five divisions. 

Note that 1 ton of Almond1 gives a profit of $1.73, 1 ton of 
Almond2 gives a profit of $1.47 •.• etc. Therefore, the overall 
COMPANY Profit in dollars is -

1.73*Almondl + 1.47*Almond2 + 1.20*Bitterl + 2.25*Bitter2 + 
1.50*Fruit1 + 2.15*Fruit2 + 1.75*Mixed1 + 1.63*Mixed2 + 
2.30*Pecanl + 1.50*Pecan2 

In this equation Almond1 and Almond2 stand for the # tons of 
the two candy types made in the Almond division, Bitterl and 
Bitter2 for the # tons in the Bitter division and so on. 

RULES OF THE EXPERIMENT 

Any proposed production plan is acceptable only if the amount 
of ingredients used is not more than what is available. 

You will have a total of upto 60 minutes to complete the task, 
and you must work at least 20 minutes. When you finish you 
will hand in a worksheet showing exactly how many tons of each 
of the two products you will produce at the five divisions. 

The experimenter will collect your worksheet and ensure that 
the amounts of MILK, COCOA and ADDITIVE used up are not more 
than what is available. He will then calculate the COMPANY 
PROFIT using the profit equation, reproduced below. 

1.73*Almond1 + l.47*Almond2 + 1.20*Bitter1 + 2.25*Bitter2 + 
1.50*Fruit1 + 2.15*Fruit2 + 1.75*Mixedl + 1.63*Mixed2 + 
2.30*Pecan1 + 1.50*Pecan2 

After calculation of company profit, THE EXPERIMENT IS OVER. 
If you do not make a decision within 60 minutes, or if your 
final decision is found not to be acceptable, company profit 
will be set equal to 0, and the experiment will be TERMINATED. 

REMINDER REGARDING INSTRUCTIONS 

After the experiment is over, you will fill out a post
experimental questionnaire about your reactions to the task. 
For the integrity of this experiment to remain intact, you are 
requested not to discuss any part of this experiment with any 
others who have not participated. What you tell them may 
influence their decisions and contaminate our research. 

Do you have any questions ? After this juncture, I will not 
participate, except to answer questions about the conduct of 
the experiment. 
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. 
PRODUCT MIX EXPERIMENT - CHAIRMAN 

BACKGROUND 

During this experiment your group will be asked to make a 
production decision for a hypothetical firm (Sweetooth Candy 
Company) which is in the business of producing bulk candy. The 
reason for selecting a candy company is simply to create a 
context in which the problem can be discussed. The information 
you are given about this firm neither describes a real company 
nor is representative of any such company. 

The amount of money you earn for this experiment will depend 
on the final decision of your group. If your group carefully 
follows the rules of the experiment each of you will be paid 
$2 for completing the task plus 8.5 % of the amount of profit 
of Sweetooth Candy Company in cash. For example, suppose the 
profit of the company is $68i each member of your group would 
then receive $2 + $68*.085 = $7.78. Here, ybu receive $2 for 
completing the task according to the rules, plus $5.78 which 
is 8.5% of $68 (company profit). You will be paid in cash at 
the conclusion of the experiment. . 

THE SWEETOOTH CANDY COMPANY 

The Sweetooth Candy Company is in the bulk candy business and 
produces 5 types of candy - Almond, Pecan, Mixed, Bitter, 
Fruit. Each type of candy is produced in TWO different flavors 
- Almondl, Almond2i Pecanl, Pecan2i Mixedl, Mixed2i Bitterl, 
Bitter2i Fruitl, Fruit2. 

The Company has FIVE divisions, with each division being 
responsible for BOTH flavors of ONE type of candy. Referring 
to the figure below, Almondl and Almond2 are produced by the 
Almond division, Pecanl and Pecan2 are produced by the Pecan 
division, etc. Each division is run by a manager. 

THE SWEETOOTH CANDY COMPANY 

Corporate Committee (of all 5 managers) 

ManagerA ManagerP . ManagerM ManagerB ManagerF 
Almond Pecan Mixed Bitter Fruit 
Division Division Division Division Division 
---------- ----------- ---------- ---------- ---------
Almondl Pecanl Mixedl Bitterl Fl:'uitl 
Almond2 Pecan2 Mixed2 Bitter2 Fruit2 

The five division managers are all members of the Corporate 
Committee that has overall responsibility for the operation of 
the Sweetooth Candy company. Thus, each manager has a dual 
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role -

i) Member of the Corporate Committee that runs the company. 
ii) Manager of his/her particular division. You are the 

manager of the division. 

INGREDIENTS REQUIRED AND AMOUNTS AVAILABLE 

All the candy made by the Sweetooth Candy Company contains 
Milk and Cocoa. Thus, Milk and Cocoa are used by all the 
Divisions. 

All divisions use two common ingredients - MILK and COCOA. 

Each division also uses a unique ingredient in addition to 
Milk and Cocoa. This unique ingredient, which is different for 
each division, will be called an ADDITIVE. For example, the 
Almondl and Almond2 division uses Almond essence and the 
Pecanl and Pecan2 division uses Pecan nuts. 

Each division also uses a unique ingredient - an ADDITIVE. 

MILK and COCOA available to Corporate committee. 

270 TONS of MILK available to Corporate Committee 
187 TONS of COCOA available to Corporate Committee 

ADDITIVE available to YOUR division. 

The amount of ADDITIVE available to your division, which is 
the division, is TONS. 

THE EXPERIMENT IN WHICH yOU WILL PARTICIPATE 

The Corporate Committee will select a committee member to be 
Chairman of the committee. ( In a couple of minutes you will 
be told how to vote for, and then select, a Chairman.) 

The Chairman will make the following two decisions with the 
help of the committee -

1) How many tons of MILK and COCOA to give each division. 

2) How many tons of each flavor to produce at each division. 

Each of you is the manager of ONE division; you are also a 
member of the corporate Committee that is responsible for 
overall (COMPANY) performance. The operating details of your 
division are given in your DIVISION information sheet. 
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Your job today, as a group (the Corporate Committee), is to 
help the Chairman distribute the MILK and COCOA to the five 
divisions, and decide how much of the products to produce at 
each so as to make the largest profit for Sweetooth Candy 
company. As individuals, the information you have about the 
products at your division MAY not currently be known to the 
other members of the Corporate Committee. You may share the 
information you have with the other group members and also 
discuss the solution under the following restriction. 

The only way you can share information or insight is by using 
the GDSS. There are NO restrictions on what you are allowed to 
share or communicate. 

OPERATING DETAILS 

As we have already mentioned, Milk and Cocoa are used by all 
five divisions. The corporate office buys all the Milk and 
Cocoa and distributes it to the five divisions. This means 
that the amount of Milk & Cocoa available to the Corporate 
Committee has to be shared among all the 5 divisions. 

Let us recall that each manager has a dual role -

i) Member of the Corporate Committee that runs the company. 
ii) Manager of his/her particular division. 

These two roles carry different responsibilities. 

1) As a Committee Member you have to help the Chairman decide 
how much MILK and COCOA the five different divisions should 
receive from the Corporate Committee, in order to maximize 
COMPANY profit. In this role you contribute to the evaluation 
of the profit potential of the individual divisions. 

2) As a Division Manager, you will help the Chairman decide 
exactly how many tons of each of your two flavors of candy 
will be produced. You must make sure that you do not use more 
resources - MILK, COCOA, ADDITIVE - than are available at your 
division. 

Profit of the Company 

Your job today, as a group (the Corporate committee), is to 
help the Chairman decide on the allocation of MILK and COCOA 
available to the five divisions, and the product mix at each 
division, so as to make the largest profit for Sweetooth Candy 
Company. The table below gives the PROFIT in dollars for 1 ton 
of each flavor of candy. 
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Flavor Almond1 Almond2 Bitter1 Bitter2 Fruit1 Fruit2 
----------- ------- -- ---- ------- ------- ------- -------
$Profit/ton 1.73 1.47 1.20 2.25 1.50 2.15 

Flavor Mixed1 Mixed2 Pecan1 Pecan2 
----------- ------- -- ---- ------- -------
$Profit/ton 1.75 1.63 2.30 1.50 

The company profit is calculated simply by adding the profit 
from each candy type; in other words it is simply the sum of 
the profits of all the five divisions. Note that 1 ton of 
Almond1 gives a profit of $1.73, 1 ton of Almond2 gives a 
profit of $1.47 •.. etc. Overall COMPANY Profit in dollars is -

1.73*Almond1 + 1.47*Almond2 + 1.20*Bitter1 + 2.25*Bitter2 + 
1.50*Fruit1 + 2.l5*Fruit2 + 1.75*Mixedl + 1.63*Mixed2 + 
2.30*Pecan1 + 1.50*Pecan2 

In the above equation Almond1 and Almond2 stand for the # tons 
of the two candy types made in the Almond division, Bitterl 
and Bitter2 for the # tons of the two candy types in the 
Bitter division and so on. 

RULES OF THE COMMITTEE 

First, you will use the GDSS to discuss the problem for a 
period of 20 minutes. At the end of this period, each of you 
will anonymously nominate one or more (if you have more than 
one choice) of the committee members for the post of Chairman 
of the Corporate Committee. The individual who receives the 
largest total number of nominations will be selected to be the 
Chairman of the committee. All ties will be broken by the 
experimenter using a test of skill. After the Chairman has 
been selected the committee will assist him/her in making two 
decisions - allocation of MILK and COCOA and production levels 
at each division. 

The only way you can share information or insight is by using 
the GDSS. There are NO restrictions on information or insights 
that you can share or communicate (about individual divisions, 
any proposals, calculations, informal votes, etc.,). 

During the discussion, different ways of distributing the MILK 
and COCOA may be proposed and discussed. Any proposed 
distribution of MILK and COCOA is acceptable only if the total 
amount distributed to all five divisions is not more than the 
amount available to the corporate committee. 

Any proposed production schedule for a division (ie., the # 
tons of each of the two candy flavors that will be produced) 
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is acceptable only if the amounts of MILK, COCOA and ADDITIVE 
used up are not more than what is available at that division. 

By the end of 60 minutes (40 min after Chairman has been 
selected) the Chairman must hand in the committee decision on 
five divisional worksheets, one for each division, stating -

1) Amount of MILK and COCOA given to each division. 
2) Amount of each of the two candy flavors produced. 

The experimenter will make sure that the amounts of MILK, 
COCOA and ADDITIVE u~ed are not more than what is available. 
He will then calculate COMPANY PROFIT by multiplying out the 
numbers in the profit equation, reproduced below. 

1.73*Almond1 + 1.47*Almond2 + 1.20*Bitterl + 2.25*Bitter2 + 
1.50*Fruitl + 2.15*Fruit2 + 1.75*Mixedl + 1.63*Mixed2 + 
2.30*Pecanl + 1.50*Pecan2 

After calculation of company profit, THE EXPERIMENT IS OVER. 
If the Committee does not make a decision by the time the 
third and last vote is taken (at 60 minutes), or if the final 
proposal is found not to be acceptable, company profit will be 
set equal to 0, and the experiment will be TERMINATED. 

REMINDER REGARDING INSTRUCTIONS 

The only way you can share information or insight is by using 
the GDSS. Do not use any other way of communicating. There are 
NO restrictions on information or insights that you can share 
or communicate (about individual divisions, any proposals, 
calculations etc.,). 

To ensure that the experiment proceeds correctly, according to 
the experimental rUles, a researcher will remain in the room 
during the experiment. If the rules of the experiment are 
violated in any way, company profit will be set equal to 0 and 
the experiment will be stopped immediately. 

After the experiment is over, each member of the group will 
fill out a post-experimental questionnaire about your 
reactions to the task, and the group. 

For the integrity of this experiment to remain intact, you are 
requested not to discuss any part of this experiment with any 
others who have not participated. What you tell them may 
influence their decisions and contaminate our research. 

Do you have any questions ? After this juncture, I will not 
participate, except to answer questions about the use of the 
GDSS. 
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PECAN DIVISION INFORMATION SHEET 

The following information describes the operation of your division in 
words and also in equation form. You need MILK and COCOA from the 
Corporate Office and an ADDITIVE to manufacture your products. 

SPECIAL REQUIREMENT: You must produce at least 4 tons of P2. 

MILK - distributed to your division by the Corporate Committee. 
COCOA - distributed to your division by the corporate Committee. 
PECAN ADDITIVE - amount available at your division is 65 tons. 

MILK AND COCOA - COMMON INGREDIENTS, shared. 

The corporate Committee (of all 5 managers) decides how much Milk and 
Cocoa you get. Notice from your experiment description sheet that there 
are 270 tons of Milk and 187 tons of Cocoa available at Corporate 
Office. 

MILK is used in your division as described below. 

4.53 tones) of Milk for EACH ton of PECAN1. 
5.10 tones) of Milk for EACH ton of PECAN2. 

The total amount of MILK you use is = 4.53*PECANl + 5.10*PECAN2 

In equation form : 

4.53*PECANl + 5.10*PECAN2 ~ Tons of Milk distributed to your 
division by Corporate Committee. 

COCOA is used in your division as described below. 

4.30 tones) of Cocoa for EACH ton of PECAN1. 
2.34 tones) of Cocoa for EACH ton of PECAN2. 

The total amount of COCOA you use is = 4.30*PECANl + 2.34*PECAN2 

In equation form : 

4.30*PECANl + 2.34*PECAN2 ~ Tons of Cocoa distributed to your 
division by Corporate Co~~ittee. 

PECAN ADDITIVE - Used ONLY by your division, 65 tons available. 

5.33 tones) of additive for EACH ton of PECAN1. 
3.80 tones) of additive for EACH ton of PECAN2. 

The total amount of additive used is = 5.33*PECANl + 3.80*PECAN2 

In equation form : 

5.33*PECANl + 3.80*PECAN2 ~ 65 (Additive available) 
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PECAN DIVISION WORKSHEET 

This worksheet is for: your convenience. You may use as many as you 1 ike. 
If you do not wish to use it, that's fine. Remember that you are NOT 
ALLOWED TO SHOW this sheet to the other group members. 

However, your FINAL decision must be put down on this worksheet. Check 
the box after the word " FINAL " ONLY on the worksheet which gives your 
final decision about the amounts of each flavor you will produce. 

FINAL D 
MILK 

COCOA 

ADDITIVE 

Flavors 

PECAN1 

4.53 

4.30 

5.33 

PECAN2 

5.10 

2.34 

3.80 

All numbers 
are TONS. 

From the table above, 4.53 tons of Milk, 4.30 tons of Cocoa, and 5.33 
tons of Additive, yield 1 ton of PECAN1. Similarly, 5.10 tons of Milk, 
2.34 tons of Cocoa and 3.80 tons of Additive yield 1 ton of PECAN2. 

First, write down amounts you propose to make 

PECAN1 (Pl) = 
PECAN2 (P2) = 

MILK 

COCOA 

ADDITIVE 

Tons 

ton(s) 

ton(s) 

Tons 
Used for Used for 
PECAN1 PECAN2 

TOTAL TOTAL 
TONS TONS 
USED AVAILABLE 

Distributed 
by Committee 

Distributed 
by Committee 

65 

TONS 
LEFT OVER 
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MIXED DIVISION INFORMATION SHEET 

The following information describes the operation of your division in 
words and also in equation form. You need MILK and COCOA from the 
Corporate Office and an ADDITIVE to manufacture your products. 

SPECIAL REQUIREMENT: You must produce no more than 8 tons of Ml. 

MILK - distributed to your division by the Corporate Committee. 
COCOA - distributed to your division by the Corporate Committee. 
MIXED ADDITIVE - amount available at your division is 65 tons. 

MILK AND COCOA - COMMON INGREDIENTS, shared. 

The corporate Committee (of all 5 managers) decides how much Milk and 
Cocoa you get. Notice from your experiment description sheet that there 
are 270 tons of Milk and 187 tons of Cocoa available at Corporate 
Office. 

MILK is used in your division as described below. 

5.64 ton(s) of Milk for EACH ton of MIXED1. 
6.00 ton(s) of Milk for EACH ton of MIXED2. 

The total amount of MILK you use is = 5.64*MIXEDl + 6.00*MIXED2 

In equation form : 

5.64*MIXEDl + 6.00*MIXED2 Tons of Milk distributed to your 
divisir;n by Corporate Committee. 

COCOA is used in your division as described below. 

4.10 ton(s) of Cocoa for EACH ton of MIXED1. 
3.50 ton(s) of Cocoa for EACH ton of MIXED2. 

The total amount of COCOA you use is = 4.10*MIXEDl + 3.50*MIXED2 

In equation form : 

4.10*MIXEDl + 3.50*MIXED2 Tons of Cocoa distributed to your 
division by Corporate committee. 

MIXED ADDITIVE - Used ONLY by your division, 65 tons available. 

3.60 ton(s) of additive for EACH ton of MIXEDl. 
5.50 ton(s) of additive for EACH ton of MlXED2. 

The total amount of additive used is = 3.60*MIXEDl + 5.50*MIXED2 

In equation form : 

3.60*MIXEDl + 5.50*MIXED2 65 (Additive available) 
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MIXED DIVISION WORKSHEET 

This worksheet is for your convenience. You may use as many as you like. 
If you do not wish to use it, that"s fine. Remember that you are NOT 
ALLOWED TO SHOW this sheet to the other group members. 

However, your FINAL decision must be put down on this worksheet. Check 
the box after the word " FINAL " ONLY on the worksheet which gives your 
final decision about the amounts of each flavor you will produce. 

FINAL D Flavors 

MIXED1 MIXED2 

MILK 5.64 6.00 
All numbers 

COCOA 4.10 3.50 are TONS. 

ADDITIVE 3.60 5.50 

From the table above, 5.64 tons of Milk, 4.10 tons of Cocoa, and 3.60 
tons of Additive, yield 1 ton of MIXED1. Similarly, 6.00 tons of Milk, 
3.50 tons of Cocoa and 5.50 tons of Additive yield 1 ton of MIXED2. 

First, write down amounts you propose to make 

MIXED1 (M1) = 
MlXED2 (M2) = 

MILK 

COCOA 

ADDITIVE 

Tons 

tones) 

tones) 

Tons 
Used for Used for 
MIXEDl MlXED2 

TOTAL TOTAL 
TONS TONS 
USED AVAILABLE 

Distributed 
by Committee 

Distributed 
by Committee 

65 

TONS 
LEFT OVER 



1~ 

ALMOND DIVISION INFORMATION SHEET 

The following information describes the operation of your division in 
words and also in equation form. You need MILK and COCOA from the 
Corporate Office and an ADDITIVE to manufacture your products. 

SPECIAL REQUI~: You mU6t produce no more than 4.5 tons of A1. 

MILK - distributed to your division by the Corporate Committee. 
COCOA -distributed to your division by the Corporate Committee. 
ALMOND ADDITIVE - amount available at your division is 80 tons. 

MILK AND COCOA - COMMON INGREDIENTS, shared. 

The Corporate Committee (of all 5 managers) decides how much Milk and 
Cocoa you get. Notice from your experiment description sheet that there 
are 270 tons of Milk and 187 tons of Cocoa available at Corporate 
Office. 

MILK is used in your division as described below. 

5.34 tones) of Milk for EACH ton of ALMOND1. 
4.80 tones) of Milk for EACH ton of ALMOND2. 

The total amount of MILK you use is = 5.34*ALMONDl + 4.80*ALMOND2 

In equation form : 

5.34*ALMONDl + 4.80*ALMOND2 < Tons of Milk distributed to your 
division by Corporate Committee. 

COCOA is used in your division as described below. 

3.45 tones) of Cocoa for EACH ton of ALMOND1. 
4.30 tones) of Cocoa for EACH ton of ALMOND2. 

The total amount of COCOA you use is = 3.45*ALMONDl + 4.30*ALMOND2 

In equation form : 

3.45*ALMONDl + 4.30*ALMOND2 ~ Tons of Cocoa distributed to your 
division by Corporate Committee. 

ALMOND ADDITIVE - Used ONLY by your division, 80 tons available. 

5.00 tones) of additive for EACH ton of ALMOND1. 
6.60 tones) of additive for EACH ton of ALMOND2. 

The total amount of additive used is = 5.00*ALMONDl + 6.60*ALMOND2 

In eauation form : 

5.00*ALMONDl + 6.60*ALMOND2 ~ 80 (Additive available) 
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ALMOND DIVISION WORKSHEET 

This worksheet is for your convenience. You may use as many as you like. 
If you do not wish to use it, that's fine. Remember that you are NOT 
ALLOWED TO SHOW this sheet to the other group members. 

However, your FINAL decision must be put down on this worksheet. Check 
the box after the word n FINAL II ONLY on the worksheet which gives your 
final decision about the amounts of each flavor you will produce. 

FINAL D Flavors 

ALMOND 1 AL.'!OND2 

MILK 5.34 4.80 
All numbers 

COCOA 3.45 4.30 are TONS. 

ADDITIVE 5.00 6.60 

From the table above, 5.34 tons of Milk, 3.45 tons of Cocoa, and 5.00 
tons of Additive, will yield 1 ton of ALMOND1. Similarly, 4.80 tons of 
Milk, 4.30 tons of Cocoa & 6.60 tons of Additive give 1 ton of Almond2. 

First, write down amounts you propose to make : 

ALMONDl (Al) = __ ton (s) 

ALMOND2 (A2) = __ ton (s) 

Tons Tons 
Used for Used for 
ALMOND 1 ALMOND 2 

MILK 

COCOA 

ADDITIVE 

TOTAL TOTAL 
TONS TONS 
USED AVAILABLE 

Distributed 
by Committee 

Distributed 
by Committee 

80 

TONS 
LEFT OVER 
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BITTER DIVISION INFORMATION SHEET 

The following information describes the operation of your division in 
words and also in equation form. You need MILK and COCOA from the 
Corporate Office and an ADDITIVE to manufacture your products. 

SPECIAL REQUIREMENT: NONE. 

MILK - distributed to your division by the Corporate Committee. 
COCOA - distributed to your division by the Corporate Committee. 
BITTER ADDITIVE - amount available at your division is 35 tons. 

MILK AND COCOA - COMMON INGREDIENTS, shared. 

The Corporate Committee (of all 5 managers) decides how much Milk and 
Cocoa you get. Notice from your experiment description sheet that there 
are 270 tons of Milk and 187 tons of Cocoa available at Corporate 
Office. 

MILK is used in your division as described below. 

5.10 tones) of Milk for EACH ton of BITTER1. 
6.00 tones) of Milk for EACH ton of BITTER2. 

The total amount of MILK you use is = 5.10*BITTERl + 6.00*BITTER2 

In equation form : 

5.10*BITTERl + 6.00*BITTER2 ~ Tons of Milk distributed to your 
division by Corporate Committee. 

COCOA is used in your division as described below. 

5.20 tones) of Cocoa for EACH ton of BITTER1. 
3.25 tones) of Cocoa for EACH ton of BITTER2. 

The total amount of COCOA you use is = 5.20*BITTERl + 3.25*BITTER2 

In equation form : 

S.20*BITTERl + 3.2S*BITTER2 ~ Tons of Cocoa distributed to your 
division by Corporate Committee. 

BITTER ADDITIVE - Used ONLY by your division, 35 tons available. 

5.40 tones) of additive for EACH ton of BITTER1. 
6.60 tones) of additive for EACH ton of BITTER2. 

The total amount of additive used is = 5.40*BITTERl + 6.60*BITTER2 

In equation form : 

5.40*BITTERl + 6.60*BITTER2 ~ 35 (Additive available) 
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BITTER DIVISION WORKSHEET 

This worksheet is for your convenience. You may use as many as you like. 
If you do not wish to use it, that's fine. Remember that you are NO~ 
ALLOWED ~O SHOW this sheet to the other group members. 

However, your FINAL decision must be put down on this worksheet. Check 
the box after the word " FINAL " ONLY on the worksheet which gives your 
final decision about the amounts of each flavor you will produce. 

FINAL D Flavors 

BITTERl BITTER2 

MILK 5.10 6.00 
All numbers 

COCOA 5.20 3.25 are TONS. 

ADDITIVE 5.40 6.60 

From the table above, 5.10 tons of Milk, 5.20 tons of Cocoa, and 5.40 
tons of Additive, will yield 1 ton of BITTER1. Similarly, 6.00 tons of 
Milk, 3.25 tons of Cocoa & 6.60 tons of Additive give 1 ton of BITTER2. 

First, write down amounts you propose to make : 

BITTER1 (B1) = 
BITTER2 (B2) = 

Tons 

ton(s) 

ton(s) 

Tons 
Used for Used for 
BITTER1 BITTER2 

MILK 

COCOA 

ADDITIVE 

TOTAL TOTAL 
TONS TONS 
USED AVAILABLE 

Distributed 
by Committee 

Distributed 
by Committee 

35 

TONS 
LEFT OVER 



1~ 

FRUIT DIVISION INFORMATION SHEET 

The following information describes the operation of your division in 
words and also in equation form. You need MILK and COCOA from the 
Corporate Office and an ADDITIVE to manufacture your products. 

SPECIAL REQUIREMENT: NONE 

MILK - distributed to your division by the Corporate Committee. 
COCOA - distributed to your division by the Corporate Committee. 
FRUIT ADDITIVE - amount available at your division is 45 tons. 

MILK AND COCOA - COMMON INGREDIENTS, shared; 

The Corporate Committee (of all 5 managers) decides how much Milk and 
Cocoa you get. Notice from your experiment description sheet that there 
are 270 tons of Milk and 187 tons of Cocoa available at Corporate 
Office. 

MILK is used in your division as described below. 

7.00 tones) of Milk for EACH ton of FRUIT1. 
5.00 tones) of Milk for EACH ton of FRUIT2. 

The total amount of MILK you use is = 7.00*FRUIT1 + 5.00*FRUIT2 

In equation form : 

7.00*FRUIT1 + 5.00*FRUIT2 ~ Tons of Milk distributed to your 
division by Corporate Committee. 

COCOA is used in your division as described below. 

4.25 tones) of Cocoa for EACH ton of FRUIT1. 
3.65 tones) ~f Cocoa for EACH ton of FRUIT2. 

The total amount of COCOA you use is = 4.25*FRUIT1 + 3.65*FRUIT2 

In equation form : 

4.25*FRUIT1 + 3.65*FRUIT2 ~ Tons of Cocoa distributed to your 
division by Corporate Committee. 

FRUIT ADDITIVE - Used ONLY by your division, 45 tons available. 

6.43 tones) of additive for EACH ton of FRUIT1. 
8.00 tones) of additive for EACH ton of FRUIT2. 

The total amount of additive used is = 6.43*FRUIT1 + 8.00*FRUIT2 

In equation form : 

6.43*FROIT1 + 8.00*FRUIT2 ~ 45 (Additive available) 
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FRUIT DIVISION WORKSHEET 

This worksheet is for your convenience. You may use as many as you like. 
If you do not wish to use it, that's fine. Remember that you are NOT 
ALLOWED TO SHOW this sheet to the other group members. 

However, your F.INAL decision must be put down on this worksheet. Check 
the box after the word " FINAL " ONLY on the worksheet w~ich gives your 
final decision about the amounts of each flavor you will produce. 

FINAL D Flavors 

FRUITl FRUIT2 

MILK 7.00 5.00 
All numbers 

COCOA 4.25 3.65 are TONS. 

ADDITIVE 6.43 8.00 

From ~he table above, 7.00 tons of Milk, 4.25 tons of Cocoa, and 6.43 
tons of Additive, yield 1 ton of FRUITl. Similarly, 5.00 tons of Milk, 
3.65 tons of Cocoa and 8.00 tons of Additive yield 1 ton of FRUIT2. 

First, write down amounts you propose to make 

FRUITl (Fl) = 
FRUIT2 (F2) = 

MILK 

COCOA 

ADDITIVE 

Tons 

ton(s) 

ton(s) 

Tons 
Used for Used for 
FRUITl FRUIT2 

TOTAL TOTAL 
TONS TONS 
USED AVAILABLE 

Distributed 
by Committee 

Distributed 
by Committee 

45 

TONS 
LEFT OVER 
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MANUAL (FACE-TO-FACE) GROUPS 

Almond Pecan Mixed Bitter Fruit 

Milk 65.79 62.70 84.62 31.80 10.80 255.11 
':ocoa 52.94 49.52 55.80 11.23 10.25 185.14 
Optinun 20.57 27.48 24.72 11.93 4.64 89.34 
Actual 20.57 21.48 24.72 11.93 4.64 89.34 
Act/Opt 100.00 100.00 100.00 100.00 100.00 1.00 

Milk 57.63 62.73 81.12 31.80 27.50 260.18 
Cocoa 45.63 49.54 53.80 17.23 20.08 186.28 
Optinun 18.08 27.48 23.78 11.93 11.83 93.09 
Actual 18.08 23.21 23.78 11.93 11.83 88.82 

99.91 84.48 100.00 100.00 100.04 0.97 

Milk 55.23 62.71 84.12 31.82 28.13 262.01 
Cocoa 43.48 49.52 55.55 17.23 21.01) 186.78 
Optinun 17.34 27.48 23.72 11.93 12.10 92.57 
Actual 17.34 27.48 23.72 11.93 12.10 92.57 

100.00 100.00 100.00 100.00 100.00 1.00 

Milk 65.85 62.73 73.34 31.82 28.13 261.81 
Cocoa 52.06 49.54 47.64 17.22 20.53 186.99 
Optimun 20.60 27.48 21.23 11.93 12.10 93.34 
Actual 20.60 21.48 21.10 11.93 12.10 93.21 

100.00 100.00 99.39 100.00 100.00 1.00 

Milk 85.44 62.70 57.12 31.80 28.13 265.19 
Cocoa 55.20 49.36 39.80 17.22 20.53 182.11 
Optinun 20.59 27.48 17.26 11.93 12.10 89.36 
Actual 20.59 21.48 17.26 11.93 12.10 89.36 

100.00 100.00 100.00 100.00 100.00 1.00 

Milk 59.02 62.71 84.60 31.80 28.13 266.26 
Cocoa 43.86 49.52 55.83 17.22 20.53 186.96 
Optinun 17.47 27.48 24.73 11.93 12.10 93.71 
Actual 17.47 21.48 24.73 11.93 12.10 93.71 

100.00 100.00 100.00 100.00 100.00 1.00 

AVERAGE MANUAL GROUPS 

Milk 64.83 62.71 71.49 31.81 25.14 261.97 
Cocoa 48.86 49.50 51.40 17.23 18.82 185.81 
Optimun 19.11 27 ... 8 22.57 11.93 10.81 91.90 
Actual 19.11 26.71 22.55 11.93 10.81 91.16 

Act/Opt 100.00 97.41 99.90 100.00 100.01 0.99 
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GCSS GROUPS 

Almond Pecan Hixed Bitter Fruit 

Hilk 40.50 95.00 63.12 30.00 34.00 262.62 
Cocoa 21.00 48.06 43.30 16.25 23.10 ·151.71 
Optirrun 9.65 27.20 18.89 11.25 12.10 79.09 
Actual 9.26 26.70 18.89 11.25 9.45 75.55 
Act/Opt 95.91 98.16 100.00 100.00 78.10 0.94 

0.00 
Hilk 37.73 62.70 45.12 30.00 37.75 213.30 
Cocoa 36.70 49.52 32.80 16.25 24.76 160.03 
Optimun 11.98 27.48 14.00 11.25 12.09 76.80 
Actual 11.71 27.48 14.00 11.25 11.32 75.76 

97.75 100.00 100.00 100.00 93.63 0.98 

Milk 24.03 65.04 116.00 31.80 28.13 265.00 
COI."Ja 15.52 52.11 74.16 17.22 21.00 180.01 
Optirrun 7.78 27.48 24.73 11.93 11.75 83.67 
Actual 7.78 27.48 23.78 11.93 11.75 82.72 

100.00 100.00 96.16 100.00 100.00 0.99 

Milk 24.03 55.24 84.61 31.80 25.00 220.68 
Cocoa 15.53 58.42 69.00 17.22 18.25 178.42 
Octimun 7.78 23.58 24.73 11.93 10.75 78.n 
Actual 7.78 23.58 24.73 11.93 0.00 68.02 

100.00 100.00 100.00 100.00 0.00 0.80 
0.00 

Milk 48.60 59.40 51.30 54.00 56.70 270.00 
Cocoa 33.66 41.14 35.53 37.40 39.27 187.00 
Optimun 13.98 23.58 21.44 11.93 12.10 83.03 
Actual 13.67 19.00 19.06 6.90 12.10 70.73 

97.15 80.58 88.90 57.84 100.00 0.85 
0.00 

Milk 8.00 61.05 105.12 30.00 62.00 266.17 
Cocoa 30.00 47.98 67.80 18.00 21.90 185.68 
Optimun 2.60 26.63 26.73 11.25 12.10 79.31 
Actual 1.73 24.40 30.30 11.25 11.15 78.83 

66.54 91.63 113.36 100.00 92.15 0.93 

AVERAGE GCSS GROUPS 

Milk 30.48 66.41 n.55 34.60 40.60 249.63 
Cocoa 25.40 49.54 53.n 20.39 24.71 173.81 
Optirrun 8.96 25.99 21.75 11.59 11.82 80.11 
Actual 8.65 24.n 21.79 10.75 9.30 75.27 
Act/Opt 92.99 95.06 99.74 92.97 n.31 0.92 
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GCSS/CEO GROUPS 

Almond Pecan Mixed Bitter Fruit 

Mille 45.00 75.00 70.00 20.00 60.00 270.00 
Cocoa 34.00 52.00 45.00 10.00 46.00 187.00 
OptillUll 14.09 27.48 20.13 6.91 12.10 80.71 
Actual 14.09 25.90 19.67 6.75 11.60 78.01 
Act/Opt 100.00 94.25 97.71 97.68 95.87 0.97 

Mille 48.00 30.00 10.00 40.00 100.00 228.00 
Cocoa 59.00 10.00 50.00 10.00 40.00 169.00 
OptillUll 15.39 6.41 3.10 6.92 12.10 43.65 
Actual 15.39 6.00 1.75 3.45 11.28 37.87 

100.00 93.60 56.45 49.86 93.22 0.79 

Mille 32.50 86.00 45.12 44.00 60.00 267.62 
Cocoa 30.00 n.oo 32.80 23.23 30.00 188.03 
OptillUll 10.37 27.48 14.00 11.93 12.10 75.88 
Actual 11.22 22.19 13.13 11.93 12.09 70.56 

108.20 80.75 93.79 100.00 99.92 0.97 

Mille 22.95 85.05 54.00 54.00 54.00 270.00 
Cocoa 17.25 57.50 37.40 37.40 37.40 186.95 
OptillUll 7.44 27.48 16.26 12.10 12.10 75.38 
Actual 7.27 27.48 15.63 10.20 9.45 70.03 

97.65 100.00 96.13 84.30 78.10 0.91 

Mille 74.00 64.00 71.00 32.00 29.00 270.00 
Cocoa 55.00 51.00 42.00 18.00 21.00 187.00 
OptilllJlll 20.60 27.48 19.45 11.93 12.10 91.56 
Actual 20.60 27.48 17.26 11.93 11.83 89.09 

100.00 100.00 88.74 99.96 97.73 0.97 

AVERAGE GCSS/CEO GROUPS 

Mille 35.49 n.92 70.46 35.77 50.93 265.57 
Cocoa 31.9/• 55.00 46.46 21.17 30.17 184.74 
Optinun 10.68 27.09 19.72 10.95 12.05 80.49 
Actual 10.59 25.37 19.63 10.47 10.90 76.96 
Act/Opt 94.23 93.61 98.24 95.82 90.18 0.94 
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PROPOSAL FOR.'1 

ALMOND PECAN MIXED BITTER FRUIT TOTAL AVAIL U'I:''T'' 

M:!::.K 270 

C:::lCOA 187 

I ALMOND PECAN MIXED BITTER FRU!TI" TOTAL AVA!L LEFT 

I 
M::.K 270 

COCOA 187 

! 
I 

ALMOND PECAN MIXED BITTER FRUIT II TOTAL AVA!LI LE":''T'' -. 

M!LK 270 

\ COCOA 187 
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GCSS G~CUPS 

Almond P~an Mixed Bitter Fruit 

Milk 40.50 95.00 63.12 30.00 34.00 262.62 
Coc:a 21.00 48.06 43.30 16.25 23.10 151.71 
OptilTUTl 9.65 27.20 18.89 11.25 12.10 79.09 
Ac~~l 9.26 26.70 18.89 11.25 9.45 75.55 
Ac:/Opt 95.91 98.16 100.00 100.00 78.10 0.94 

0.00 
Mille 37.73 62.70 45.12 30.00 37.75 213.30 
COC:la 36.70 49.52 32.80 16.25 24.76 160.03 
OptllTUTl 11.98 27.48 14.00 11.25 12.09 76.80 
Actual 11.71 27.48 14.00 11.25 11.32 75.76 

97.75 100.00 100.00 100.00 93.63 0.98 

Hilic 24.03 65.04 116.00 31.80 28.13 265.00 
Coc:a 15.52 52.11 74.16 17.22 21.00 180.01 
OptilTUTl 7.78 27.48 24.73 11.93 11.75 83.67 
Ac:ual 7.78 27.48 23.78 1 i.93 11.75 82.n 

100.00 100.00 96.16 100.00 100.00 0.99 

Milk 24.03 55.24 84.61 31.80 25.00 220.68 
Cocoa 15.53 58.42 69.00 17.22 18.25 178.42 
OlJtilTUTl 7.78 23.58 24.73 11.93 10.75 78.77 
Ac:ual 7.78 23.58 24.73 11.93 0.00 68.02 

100.1l0 100.00 100.00 100.00 0.00 0.80 
0.00 

Milk 48.60 59.40 51.30 54.00 56.70 270.00 
Cocoa 33.66 41.14 35.53 37.4Q 39.27 187.00 
OptilTUTl 13.98 23.58 21.44 11.93 12.10 83.03 
Actual 13.67 19.00 19.06 6.90 12.10 70.73 

97.75 80.58 88.90 57.84 100.00 0.85 

Hilk 8.00 61.05 105.12 
0.00 

30.00 62.00 266.17 
Cocoa 30.00 47.98 67.80 18.00 21.90 185.68 
OctilTUTl 2.60 26.63 26.73 11.25 12.10 19.31 
Ac:ual 1.73 24.40 30.30 11.25 11.15 78.83 

66.54 91.63 113.36 100.00 92.15 0.93 

AVERAGE GCSS G~OUPS 

Mille 30.48 66.41 77.55 34.60 40.60 249.63 
Cocoa 25 .40 49.54 53.77 20.39 24.71 173.81 
OptilTUTl 8.96 25.99 21.75 11.59 11.82 80.11 
Actual 8.65 24.77 21.79 10.75 9.30 75.27 
Ac:/Opt 92.99 95.06 99.74 92.97 77.31 0.92 
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MANUAL (FACE-TO-FACE) GROUPS 

Almond Pecan Mixed Bitter Fruit 

Hille 65.79 62.70 84.62 31.80 10.80 255.71 
COC03 52.94 49.S2 55.80 17.23 10.25 185.74 
OptillU1l 20.57 27.~ 24.n 11.93 4.64 89.34 
Actual 20.57 27.~ 24.n 11.93 4.64 89.34 
Ac,=/Opt 100.00 100.00 100.00 100.00 100.00 1.00 

Hille 57.63 62.73 81.12 31.80 27.50 260.78 
Cocoa 45.63 49.:4 53.80 17.23 20.08 186.28 
OptillU1l 18.08 27.48 23.78 11.93 11.83 93.09 
Actual 18.08 23.21 23.78 11.93 11.83 88.82 

99.97 84.48 100.00 100.00 100.04 0.97 

Hille 55.23 62.71 84.12 31.82 28.13 262.01 
Cocoa 43.48 49.S2 55.55 17.23 21.00 186.78 
OptillU1l 17.34 27.(,8 23.n 11.93 12.10 92.57 
Ac:ual 17.34 27.48 23.n 11.93 12.10 92.57 

100.00 100.00 100.00 100.00 100.00 1.00 

Hille 65.85 62.73 73.34 31.8;: 28.13 261.87 
Cocoa 52.06 49.S4 47.64 17.22 20.53 186.99 
OptillU1l 20.60 27.48 21.23 11.93 12.10 93.34 
Act1Jal 20.60 27.'8 21.10 11.93 12.10 93.21 

100.00 100.00 99.39 100.00 100.00 1.00 

Hille 85.44 62.70 57.12 31.80 28.13 265.19 
Cocoa 55.20 49.36 39.80 17.22 20.53 182.11 
OptillU1l 20.59 27.48 17.26 11.93 12.10 89.36 
Ac:ual 20.59 27.48 17.26 11.93 12.10 89.36 

100.00 100.00 100.00 100.00 100.00 1.00 

Hille 59.02 62.71 84.60 31.80 28.13 266.26 
Cocoa 43.86 49.S2 55.83 17.22 20.53 186.96 
OptillU1l 17.47 27.48 24.73 11.93 '2.10 93.71 
Actual 17.47 27.48 24.73 11.93 12.10 93.71 

100.00 100.00 100.00 100.00 100.00 1.00 

AVERAGE MANUAL GROUPS 

Hille 64.83 62.71 77.49 31.81 25.14 261.97 
Cocoa 48.86 49.50 51.40 17.23 18.32 185.81 
OptillU11 19.11 27.(,8 22.57 11.93 10.81 91.90 
Actual 19.11 26.77 22.55 11.93 10.81 91.16 

Act/Opt 100.00 97.41 99.90 100.00 100.01 0.99 
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APPENDIXB 

POST EXPER1l\1ENTAL QUESTIONNAIRES 
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Post Experiment Questionnaire 

Directions: We are interested in how your group approac..i.ed the 
task. This questionnaire is composed of about 25 items. For mos~ 
i ~ems, you have to CIRCLE the appropriate NUMBER or WORD on the 
co==esponcllng answer scale. A few items ask you to write out your 
response. Many statements are similar to others, but do not be 
concerned about this. There are no right or wrong answers. 

Yo~ responses to this questionnaire will be kept confidential. 

1. The overall quality of the problem solving in ~is qroU? was: 

Poor 
1 2 

2. The problem-solving, on the whole, was: 

Poor 
1 

3. The =inal solution chosen was: 

2 

inef=ective 
1 2 

3 

3 

3 

4 

4 

4 

Good 
5 6 

5 
Good 

6 

e::::eC'tive 
5 6 

4. Fill in the name of t..i.e group member who contributed ::lost to 
the solu~ion. (write the name) 

5. The problem-solving was: 

incompetently 
executed 

1 2 

6. The b~~aviour of the group was: 

not goal 
directed 

1 2 

7. The partici?ation in the discussion was: 

unevenly 
distribu~ed 

1 2 

3 

3 

3 

4 

4 

com?etently 
executed 

5 6 

goal 
direc~ed 

5 6 

evenly 
distributed 

5 6 

8. If I had to choose one of the group members as the qroup leader 
I would choose (Put down a name). 



The following 4 cuestions refer to the scale below. 
Please circle your choice. 

l. 2 3 4 5 
To To a To a 
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Not 
at all 

To a 
little 
extent 

;;ome qreat' ve=y q=eat 

9. To what extent do you 
feel personally 
responsible for the 1 
cor=ec~ess of the 
group decision ? 

10. To what extent does 
the final solution 1 
reflect you= input ? 

11. You made suggestions 1 
about doing the task. 

12. We all worked equally 1 
hard to a=rive at the 
q=oup decision. 

2 

2 

2 

2 

extent extent e~ent 

3 4 5 

3 4 5 

3 4 5 

3 4 5 

11- How wo~ld you describe yow: group's problem solving process '? 

a. dissatisfying satisfying 
1 2 3 4 5 

b. uncoordinated coordinated 
1 2 3 4 5 

c. u.'"lfair fair 
1 2 3 4 5 

d. confusing understandable 
1 2 3 4 5 

e. inefficient efficient 
1 2 3 4 5 

12. How satisfied or dissatisfied were you with the quality of 
your group's solution '? 

very Somewhat Neutral Somewhat Very 
dissatisfied dissatisfied Satisfied Satisfied 

1 2 3 4 5 
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13. Suppose another group of 5 is going to do the salue task. You 
are a consultant to Megan (the person who got your division) 
as well as the co=porate committee of all s. 

Hegan asks the following questions. 

a. Which product is more important in your division ? ... 1 ...•. 2 

b. Did you use up all the additive in your division ? •. Yes ..•. No 

c. Did all the other divisions affect you equally ? ...• Yes ....• No 

d. To which division(s) should I pay attention ? _________ (name{s» 

e. Was the distribution of Milk and Cocoa fair ? .•• Yes ..... No 

f. Co'uld company profit increase if you got more ••• Milk ... Cocoa ? 

g. You argued mainly for your division, not for others. Yes .... No. 

The corporate Committee (of all 5) asks these questions. 

a. Should we pay equal attention to all divisions ? •. Yes .... No 

b. w~ich division(s) should we concentrate on ? (name(s» 

c. Did your group members support you adequately? .•. Yes ....... No 

d. Was there enough committee discussion ? .... Yes ...... No 

Please circle a NUMBER or WORD for the questions below. 

13. How many members were in your group: 5 10 

14. What technique did your group use: manual automated 

15. How many computer classes have you taken: courses 

16. How well do you type? (Circle # to the right of your choice) 

Hunt and Peck ...... 1 Rough or Casual ....... 2 
Well {30 wpm) ........ 3 Excellent .•.•.•...... 4 

17. Have you taken a course in Linear Programming? Yes No 

18. Have you taken a course in operations Management? Yes No 

19. How familiar are you with the type of problem your 
group just solved ? 

Never seen it 
1 2 

A bit familiar 
l 4 

Very familiar 
5 
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20. What is your age? years 

21. What is your sex ? M F 

22. How many of your group members have you worked with 

in past ? members 

23. If you have any comments, questions or suggestions about the 
experimental task or the group problem solving process, or any 
aspect of the experiment, we welcome you to write them down. 
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Post Experiment Questionnaire 

Di=ec:tions: We are interested in how your qroup approached the 
task. This questionnaire is composed of about 25 items. For most 
i tams, you have to CIRCLE the appropriate NUMBER or WORD on the 
correspondinq answer scale. A few items ask you to write out your 
response. Many statements are similar to others, but do not be 
concerned about this. There are no riqht or wronq answers. 

Your responses to this questionnaire will be kept confidential. 

1. The overall quality of the problem solving in this group was: 

Poor 
1 2 3 4 

OVerall, did the Chairman' help/hinder the qroup ? 2. 

Help .. 
1 2 3 4 

3. The final solution chosen was: 

ineffective 
1 2 3 4 

Good 
5 6 

. .Hinder 
5 6 

effective 
5 6 

4. Fill in the name of the group member who contributed most to 
the solution. (write the name) 

5. The problem-solving was: 

incompetently 
executed 

1 2 

6. The behaviour of the group was: 

not goal 
directed 

1 2 

7. The participation in the discussion was: 

unevenly 
distributed 

1 2 

3 

3 

3 

4 

4 

4 

competently 
executed 

5 6 

goal 
directed 

5 6 

evenly 
distributed 

5 6 

8. Would you vote for 'che same Chairman again ? ..•. Yes .••••. No 
If not, who would you vote for ? (Write a name) 



The following 4 questions refer to the scale below. 
Please circle your choice. 

2 3 4 5 
To To a To a 
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1 
Not 

at all 
To a 
little 
extent 

~ome qreato very qreat 

S. To what extent do you 
feel personally 
responsible for the 
correctness of the 
group decision ? 

10. To what extent does 
the final solution 
reflect your input ? 

1 

1 

11. You made suggestions 1 
about doing the task. 

12. We all worked equally 1 
hard to arrive at the 
g:'oup decision. 

2 

2 

2 

2 

extent extent extent 

3 4 5 

3 4 5 

3 4 5 

3 4 5 

11. now would you describe your g:'oup's problem solving process? 

a. dissatisfying satisfyL"'lg 
1 2 3 4 5 

b. uncoordinated coordinated 
1 2 3 4 5 

c. ll.""l!air fair 
1 2 3 4 5 

d. confusing understandable 
1 2 3 4 5 

e. inefficient efficient 
1 2 3 4 5 

12. How satisfied or dissatisfied were you with the quality of 
your g=oup's solution? 

Very 
dissatisfied 

1 

Somewhat 
dissatisfied 

2 

Neutral Somewhat Very 
Satisfied satisfied 

3 4 5 



13. Suppose another group of 5 is going to do the same task. You 
are a consultant to Megan (the person who got your division) 
as well as the corporate committee of all 5. 

Hegan asks the following questions. 

a. Which pt'oduct is more important in your division '? •.. 1. .•.. 2 

b. Did you use up all the additive in your division '? •. Yes .••. No 

c. Did all the other divisions affect you equally '? ••.. Yes •.... No 

d. To which division(s) should I pay attention'? (name(s» ----
e. Was the distribution of Milk and Cocoa fair '? ••• Yes ..... No 

f. Could company profit increase if you got more ••. Milk ... Cocoa ? 

g. You arqued mainly for your di ..... ision, not for others. Yes .... No. 

The corporate committee (of all S) asks these questions. 

a. Should we pay equal attention to all divisions '? •. Yes .... No 

b. Which division(s) should we concentrate on ? ______ _ (name(s» 
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c. Did the Chairman conduct the discussion effectively '? •• Yes .•.. No 

d. Was there enough committee discussion '? •••• Yes ....•. No 

Please circle a NUMBER or WORD for the questions below. 

1.3. How many members were in your group? 5 10 

1.4. What technique did your group use? manual automated 

1.5. How many computer classes have you taken? courses 

16. How well do you type? (Circle # to the right of your choice) 

Hunt and Peck ...... l Rough or Casual .....•. 2 
Excellent .....••..... 4 

1.7. 

18. 

1.9. 

Well (30 wpm) .......• 3 

Have you taken a course in Linear Programming ? Yes No 

Have you taken a course in operations Management ? Yes No 

How familiar are you 
group just solved 

Never seen it 
1 

? 

2 

with the type of problem 

A bit familiar 
l 4 

your 

Very familiar 
5 

.' 
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20. What is your age? years 

21. What is your sex ? M F 

22 • Bow lIlany of your group lIlelllbers have you worked with 

in past? lIlelllbers 

23. J:f you have any c01l11l1ents, questions or suggestions about the 
experilDental task or the qroup problem sol vinq process, or any 
aspect of the experilDent, we welcome you to write them down. 
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Post Experiment Questionnaire 

Directions: We are interested in how your group approached the 
task. This questionnaire is composed of about 25 items. For most 
items, you have to CIRCLE the appropriate NUMBER or WORD on the 
corresponding answer scale. A few items ask you to write out your 
response. Many statements are similar to others, but do not be 
concerned about this. The.r.e are no right or wrong answers. 

Your responses to this questionnaire will be kept confidential. 

1. The overall quality of the problem solving in this qroup was: 

Poor 
1 2 

2. The problem-solving, on the whole, was: 

Poor 
1 

3. The final solution chosen was: 

2 

ineffective 
1 2 

3 

3 

3 

4 

4 

4 

Good 
5 6 

5 
Good 

6 

e::::ective 
5 6 

4. Fill in the name of the group member who contributed most to 
the solution. (write the name) 

5. The problem-solving was: 

incompetently 
executed 

1 2 

6. The behaviour of the group was: 

not goal 
directed 

1 2 

7. The participation in the discussion was: 

unevenly 
distributed 

1 2 

3 

3 

3 

4 

4 

4 

cOl.lpE"Cently 
executed 

5 6 

goal 
direc":.ed 

5 6 

evenly 
distributed 

5 6 

8. If I had to choose one of the group member~; as the qroup leader 
I would choose (Put down a name). 
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The following 4 questions refer to the scale below. 
Please circle your choice. 

1 2 3 4 5 
Not To a To To a To a 

at all little some great very great 
extent extent extent extent 

9. To what extent do you 
feel personally 
responsible for the 1 2 3 4 5 
correctness of the 
group decision ? 

10. To what extent does 
the final solution 1 2 3 4 5 
reflect your input ? 

11- You made suggestions 1 2 3 4 5 
about doing the task. 

12. We all worked equally 1 2 3 4 5 
hard to arrive at the 
group decision. 

11. How would you describe your group's problem solving process? 

a. dissatisfying satisfying 
1 2 3 4 5 

b. uncoordinated coordinated 
1 2 3 4 5 

c. unfair fair 
1 2 3 4 5 

d. confusing understandable 
1 2 3 4 5 

e. inefficient efficient 
1 2 3 4 5 

12. How satisfied or dissatisfied were you with the quality of 
your group's solution? 

Very 
dissatisfied 

1 

Somewhat 
dissatisfied 

2 

Neutral Somewhat Very 
satisfied satisfied 

3 4 5 
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13. Suppose another group of 5 is going to do the same task. You 
are a consultant to Megan (the person who got your division) 
as well as the corporate Committee of all 5. 

Hegan asks the following questions. 

a. w~ich product is more important in your division ? •.. 1 ...•• 2 

b. Did you use up all the additive in your division ? .. Yes .... No 

c. Did all the other divisions affect you equally ? •.•. Yes ..... No 

d. ~o which division(s) should I pay attention ? ________ (name(s» 

e. Was the distribution of Milk and Cocoa fair ? •.• Yes ....• No 

f. Could company profit increase if you go~ more ..• Milk ... Cocoa ? 

g. You argued mainly for your division, not for others. Yes ...• No. 

The corporate Committee (of all 5) asks these questions. 

a. Should we pay equal attention to all divisions ? •. Yes •... No 

b. w~ich division(s) should we concentrate on? (name(s}) 

c. Did your group members support you adequately ? •.. Yes ....... No 

d. Was there enough committee discussion 7 ..... Yes ...... No 

Please circle a NUMBER or WORD for the questions below. 

13. How many members were in your group? 5 10 

14. What technique did your group use? manual automated 

15. How many computer classes have you taken? courses 

16. How well do you type? (Circle ~ to the right of your choice) 

Hunt and Peck ...... l 
Well (30 Wpm) .....•.• 3 

Rough or Casual ... ~ .•. 2 
Excellent .....•...... 4 

17. Have you taken a course in Linear Programming? Yes No 

lao Have you taken a course in Operations Management? Yes No 

19. How familiar are you with the type of problem your 
group just solved ? 

Never seen it 
1 2 

A bit familiar 
l 4 

very familiar 
5 
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20. What is your age? years 

21. What is your sex ? M F 

22. How many of your group members have you worked with 

in past? members 

23. If you have any comments, questions or suggestions about the 
experimental task or the group problem solvinq process, or any 
aspect of the experiment, we welcome you to write them down. 
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