
The effects of electronic meeting support
on large and small decision-making groups.

Item Type text; Dissertation-Reproduction (electronic)

Authors Winniford, MaryAnne.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:48:35

Link to Item http://hdl.handle.net/10150/184901

http://hdl.handle.net/10150/184901


INFORMATION TO USERS 

'The most advanced technology has been used to photo
graph and reproduce this manuscript from the microfilm 
master. UMI films the text directly from the original or 
copy submitted. Thus, some thesis and dissertation copies 
are in typewriter face, while others may be from any type 
of computer printer. 

The quality of this reproduction is dependent upon the 
quality of the copy submitted. Broken or indistinct print, 
colored or poor quality illustrations and photographs, 
print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a 
complete manuscript and there are missing pages, these 
will be noted. Also, if unauthorized copyright material 
had to be removed, a note will indicate the deletion. 

Oversize materials (e.g., maps, drawings, charts) are re
produced by sectioning the original, beginning at the 
upper left-hand corner and continuing from left to right in 
equal sections with small overlaps. Each original is also 
photographed in one exposure and is included in reduced 
form at the back of the book. These are also available as 
one exposure on a standard 35mm slide or as a 17" x 23" 
black and white photographic print for an additional 
charge. 

Photographs included in the original manuscript have 
been reproduced xerographically in this copy. Higher 
quality 6" x 9" black and white photographic prints are 
available for any photographs or illustrations appearing 
in this copy for an additional charge. Contact UMI directly 
to order. 

V·M-I 
University Microfilms International 

A Bell & Howell Information Company 
300 North Zeeb Road, Ann Arbor, M148106-1346 USA 

313/761-4700 800/521-0600 





Order Number 9013162 

The effects of electronic meeting support on large and small 
decision-making groups 

Winniford, MaryAnne, Ph.D. 

The University of Arizona, 1989 

Copyright ®1989 by Winniford, MaryAnne. All rights reserved. 

U·M·I 
300 N. Zceb Rd. 
Ann Arbor, MI 48106 





THE EFFECTS OF ELECTRONIC MEETING SUPPORT ON 

LARGE AND SMALL DECISION-MAKING GROUPS 

by 

MaryAnne Winniford 

Copyright © MaryAnne Winniford 1989 

A Dissertation Submitted to the Faculty of the 

COMMITTEE ON BUSINESS ADMINISTRATION 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1989 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have read 

the dissertation prepared by ____________ ~Mga~r~y~Aunn~e-W~j~n~n~l~·f~or~d~ ____________ ___ 

entitled THE EFFECT OF ELECTRONIC ___ =:!.T=-I~N~G:......::::S:=.UP~..:P~O~R:..:T-..:::O~N _______ _ 

LARGE AND SMALL DECISION-MAKING GROUPS 

and recommend that it be accepted as fulfilling the dissertation requirement 

for the Degree of Doctor of Philosophy 

Nov. 9,1989 
Davi.tY'liingry I / - / :' 

I / 
h' / 

Date 

Nov. 9,1989 
Date 

Nov. 9,1989 
Date 

Date 

Date 

Final approval and acceptance of this dissertation is contingent upon the 
candidate's submission of the final copy of the dissertation to the Graduate 
College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement. 

'''') _ r\ ~_, :~_ _ ' ). 
, l' / ." \ ._. . \,J ." II L ) NOY. 9,1989 

Dissertation Directorl'David Pingry Date 



3 
STATEMENT BY THE AUTHOR 

This dissertation has been submitted in partial fulfillment of requirements 
for an advanced degree at the University of Arizona and is deposited in 
the University library to be made available to borrowers under the rules of 
the library. 

Brief quotations from this dissertation are allowable without special 
permission, provided that accurate acknowledgement of the source is 
made. Requests for permission for extended quotation from, or 
reproduction of, this manuscript, in whole or in part, may be granted by 
the copyright holder. 



4 
ACKNOWLEDGMENTS 

lowe many people thanks for the accomplishment of this study. Dave 
Pingry, my dissertation advisor, put in a lot of time and patience in 
instructing me in the ways of experimental research and writing. Jay 
Nunamaker, my major advisor, allowed me to use the PLEXSYS Decision 
Room environment and tools developed in the Management Information 
Systems Department for my experimental study, and access to students 
from classes in the department. Doug Vogel served as a sounding board as 
I developed my ideas into plans. Mark Isaac helped me tremendously in 
fine-tuning my experimental task. Thanks also to Roy Marsten and Averill 
Law, members of my minor committee. 

This research was partially funded by the Economic Science Laboratory 
and I am grateful to Vernon Smith for allowing me the use of these funds for 
subject payment. Mark Pendergast wrote with the software used in the 
experiments, as well as provided modifications and support, for which he 
asked only cookies in return. He also served as my role model, proof that a 
dissertation could be written without going crazy. I am also indebted to 
Rosemary Wild for constant reassurance that we were both wonderful and 
could indeed become doctors of philosophy. 

Finally, my deepest thanks to Joel Snyder. He helped me from my first day 
in the degree program to my last, in many, many capacities. Without his 
support and unfailing good humor, I may not have finished this work, and 
certainly would not have enjoyed it as much. I dedicate this dissertation to 
him. 



5 

TABLE OF CONTENTS 

LIST OF ILLUSTRATIONS ............................................................................................... 9 

ABSTRACT ............................................................................................................................. 11 

CHAPTER ONE: INTRODUCTION ......................................................................... 13 

1.1 Background for this Research ................................................................ 13 

1.2 Purpose of the Research ........................................................................... 14 

1 .3 Organization of the Dissertation ............................................................. 16 

CHAPTER TWO: LITERATURE REVIEW AND CONCEPTUAL MODEL. .. 18 

2.1 Introduction ..................................................................................................... 18 

2.2 Motivation for this Research ................. ,. ................................................. 19 

2.3 Task Structure and Experimental Control ......................................... 22 

2.4 A Conceptual Model for Group Decision Making ............................ 26 
2.4.1 Other Models of Group Processes ....................................... ~ ..... 27 
2.4.2 Independent Variables .................................................................... 34 

2.4.2.1 Group Size ............................................................................... 34 
2.4.2.2 Incentive Mechanism .......................................................... 36 
2.4.2.3 Decision Rule ...... : ................................................................... 39 
2.4.2.4 Information Distribution ..................................................... .41 
2.4.2.5 Task Complexity ..................................................................... 42 

2.5 Electronic Meeting Systems ................................................................... ..43 

2.6 Task Description ............................................................................................ 49 

2.7 Conclusion ....................................................................................................... 54 



6 
TABLE OF CONTENTS (Continued) 

CHAPTER THREE: RESEARCH METHODOLOGY ....................................... 56 

3.1 Introduction ..................................................................................................... 56 

3.2 Experimental Design ................................................................................... 56 

3.3 Research Variables ...................................................................................... 57 
3.3.1 Independent Variables .................................................................... 57 
3.3.2 Controlled Variables ......................................................................... 59 
3.3.3 Dependent Variables ........................................................................ 60 

3.4 Experimental Subjects ................................................................................ 62 

3.5 Research Setting and Group Support Software .............................. 63 

3.6 Experimental Procedures ......................................................................... 70 

3.7 Pilot Study ........................................................................................................ 72 

CHAPTER FOUR: ANALYSIS AND DISCUSSION ........................................... 73 

4.1 Introduction ..................................................................................................... 73 

4.2 Outcome Variables ....................................................................................... 73 
4.2.1 Decision Quality .................................................................................. 74 
4.2.2 Satisfaction ........................................................................................... 7 4 
4.2.3 Time to Finish ...................................................................................... 82 

4.3 Process \Iariables ........................................................................................ 85 
4.3.1 Time Measures of the Group Processes ................................. 86 
4.3.2 Number of Votes ................................................................................. 96 

4.4 Discussion ........................................................................................................ 99 
4.4.1 Power of the ANOVA Tests ............................................................ 99 
4.4.2 Interaction of Task Type and Method of Support .............. 1 00 
4.4.3 Software Functionality .................................................................. 103 
4.4.4 Unanimity in Manual and Electronic Groups ....................... 1 05 
4.4.5 Leadership ......................................................................................... 108 
4.4.6 Incentive Structure ......................................................................... 109 



7 
TABLE OF CONTENTS (Continued) 

CHAPTER FIVE: CONCLUSIONS ........................................................................ 112 

5.1 Introduction ................................................................................................... 112 

5.2 Research Findings ..................................................................................... 112 

5.3 Strengths, Limitations, and Assumptions ........................................ 114 

5.4 Contributions of this Research ............................................................. 117 

5.5 Future Research ......................................................................................... 119 

5.6 Conclusions .................................................................................................. 120 

APPENDIX A: EXPERIMENTAL MATERIALS .................................................. 122 
A.1 Introduction Materials .............................................................................. 122 

A.1.1 Researcher's Check-list, Electronic Sessions ................... 122 
A.1.2 Researcher's Check-list, Manual Sessions ........................ 124 
A.1.3 Electronic Introduction and Warmup Exercise .................. 125 
A.1.4 EDS Keys Sheet ............................................................................. 129 
A.1.5 Manual I ntroduction and Warmup Exercise ....................... 130 

A.2 Experimental Task ..................................................................................... 131 
A.2.1 Electronic Task ................................................................................ 1 31 
A.2.2 Manual Task ..................................................................................... 135 

A.3 Ballot and Specific Information Sheets ............................................. 139 
A.3.1 Experimental Ballot ....................................................................... 139 
A.3.2 Specific Information Sheets, Low Values ............................ 140 
A.3.3 Specific Information Sheets, High Values ........................... 141 

A.4 List of Feasible Solutions and Payout ................................................ 142 

A.5 Questionnaire .............................................................................................. 146 

APPENDIX B: RESULTSOFDATAANALYSIS ............................................... 149 

B.1 Demographic Data .................................................................................... 149 



8 

TABLE OF CONTENTS (Continued) 

B.2 Factor Analysis ............................................................................................ 153 

B.3 Covariance Analysis of Prior Knowledge on Time ....................... 157 

APPENDIX C: GROUP VERSUS INDIVIDUAL ................................................. 159 

REFERENCES ................................................................................................................... 163 



9 
LIST OF ILLUSTRATIONS 

Figure 2.1 Conceptual Model of Group Process .............................................. 27 

Figure 2.2 Group Process Model Variables, by Author ................................. 28 

Figure 2.3 Variables Categorized According to the 
Conceptual Model .................................................................................. 29 

Figure 2.4 Experimental Research on EMS and Manual Groups .......... ..44 

Figure 2.5 Overview of Task ..................................................................................... 50 

Figure 3.1 Experimental Design .............................................................................. 57 

Figure 3.2 Experimental Design Variables ......................................................... 58 

Figure 3.3 Discussion File in Electronic Discussion System ....................... 65 

Figure 3.4 Voting File in Electronic Discussion System ................................. 67 

Figure 3.5 Results File in Electronic Discussion System .............................. 69 

Figure 4.1 Questions Associated with Member Satisfaction ...................... 75 

Figure 4.2 Questions Associated with Member Participation ..................... 75 

Figure 4.3 Questions Associated with Evenness of Participation ............. 76 

Figure 4.4 Questions Associated with Prior Knowledge ............................... 76 

Figure 4.5 Pearson Correlation Coefficients for Prior Knowledge ............ 77 

Figure 4.6 F and P Values for Prior Knowledge on Satisfaction ................ 78 

Figure 4.7 ANOVA on Member Satisfaction using Covariates ................... 79 

Figure 4.8 Satisfaction without Prior Knowledge Covariates ...................... 80 



10 

Figure 4.9 ANOVA for Member Participation ...................... .,. ............................ 81 

Figure 4.10 ANOVA for Evenness of Participation ............................................. 82 

Figure 4.11 Effects of Prior Knowledge on Time to Finish .............................. 84 

Figure 4.12 ANOVA for Time to Finish .................................................................... 85 

Figure 4.13 Experimental Mark Points of Time ................................................... 86 

Figure 4.14 Two Methods of Dividing the Time Measures ............................. 87 

Figure 4.15 ANOVA for Time Until Information was Shared, 
with Covariate MINIMUM Prior Knowledge .................................. 89 

Figure 4.16 Contrast of Cell Means for Time Until Information Shared .... 90 

Figure 4.17 ANOVA for Time Until First Proposal, Cumulative Time ......... 91 

Figure 4.18 ANOVA for Time Until First Proposal, Disjoint Time ................. 92 

Figure 4.19 ANOVA for Time to Optimal Proposal, Cumulative Time ....... 93 

Figure 4.20 ANOVA for Time to Optimal Proposal, Disjoint Time ................ 94 

Figure 4.21 ANOVA for Time to Convince, Disjoint Time ................................ 95 

Figure 4.22 ANOVA for Number of Votes Taken ................................................. 97 

Figure 4.23 Contrast of Cell Means for Number of Votes ............................... 98 

Figure 4.24 Time Measures for Disjunctive Tasks .......................................... 1 02 

Figure 4.25 Time Measures for Conjunctive Tasks ........................................ 1 03 

Figure C.1 ANOVA for Group Versus Individual Payoff... ............................ 160 

Figure C.2 ANOVA for Time to Finish, Group vs. Individual ...................... 161 

Figure C.3 ANOVA for Time to Finish, by Size ................. ; .............................. 162 



11 
ABSTRACT 

This research compared the use of an electronic meeting system tool to a 

manual group process in large and small groups in a controlled laboratory 

experiment. Outcomes measured include the quality of decision, the time 

taken in various stages of the decision making process, and group 

member satisfaction. 

A research model of the variables influencing group decision making was 

developed. The six independent variables included in this model are group 

size, the rule by which the group makes a decision, the incentives driving 

the group, the distribution of useful information within the group, the task 

complexity, and the meeting support (electronic or manual). In this 

research group size and method of support were manipulated, while the 

other variables were controlled. 

A decision-making task was developed for this research to specify and 

manipulate the six independent variables. The task described a product 

mix problem in which information on each product was given to group 

members. The group shared information and jointly determined an 

outcome. The group used an unanimous decision rule to chose a solution. 

A numerical outcome was used to objectively measure decision quality. 

Each member of the group received a cash payoff determined by the 

group's solution as incentive in accomplishing the task. 
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All groups found the optimal solution. The simplicity of the task may have 

minimized the differences found between groups. There was no significant 

difference in general member satisfaction or time to decision. Prior 

knowledge was found to influence general member satisfaction and the 

time needed for the group to share information. Members of large groups 

perceived more uneven distribution of participation than members of small 

groups. Voting differences were very large: large groups took significantly 

more votes than small groups, and electronic groups took significantly 

more votes than manual groups. "Conjunctive" and "disjunctive" task 

descriptions are used to discuss task/tool interaction. 
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CHAPTER 1. INTRODUCTION 

1.1 Background for this Research 

Groups are responsible for many of the activities and decisions made in 

business and government. These activities include generating ideas and 

solutions to problems, sharing information, negotiating a jOint decision, and 

building consensus to aid in the implementation of a plan. These activities 

are not always accomplished efficiently or effectively. One mid-sized 

Fortune 500 company estimated 71 Million dollars in losses due to meeting 

inefficiencies in one yearl [Mosvick and Nelson, 1987] It is difficult to 

measure the cost of ineffective meetings, but the impact of bad decisions, 

inappropriate actions, and untimely solutions on profit could be larger than 

the costs due to meeting inefficiencies. The potential gain from improving 

group work is very large. 

Electronic meeting systems (EMS) are environments made of hardware, 

software, and human facilitators which impact, and possibly improve, 

group processes. Features of the system, aspects of the task, and 

characteristics of the group all interact to change group outcomes. Case 

and field studies on electronic meeting systems have often shown gains in 

efficiency, effectiveness, and member satisfaction when groups use these 

systems. However, laboratory studies comparing manual groups to 
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electronic groups have shown mixed results. Further experimental 

research is needed to form a taxonomy of task and group characteristics, 

and the system functionality to improve this interaction. 

1.2 Purpose of the Research 

EMS are a relatively new development and are not yet in wide spread use 

in the business world. They are frequently an expensive acquisition, adding 

to corporate hesitation to invest in this new technology. Comparison to 

older, manual processes is needed to justify the expense and encourage 

adoption of EMS technology. 

A business tool should be justified based on effectiveness of the group 

outcome, efficiency of the group process, and level of member satisfaction. 

A laboratory experiment has been chosen as the methodology to study the 

impact of EMS on these three outcome variables. The use of an 

experimental task with a quantifiable outcome can serve as a measure of 

effectiveness. Efficiency can be measured by the time needed for 

completion of the group process. User satisfaction can be measured by 

exit surveys. While groups accomplish other tasks, decision making is still 

an important management function. Our research will focus on the use of 

electronic meeting systems in a decision situation. 

Past EMS research has not controlled the incentives of the participants, the 

complexity of the task, and the rules used to make a decision. Experimental 



economics has examined these issues of control in laboratory tasks and 

environment, and much can be learned from a study of their methods. 
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Social psychology has examined aspects of groups and their tasks. The 

effects of group size, distribution of task information, and task complexity 

have been studied in the manual group environment. The results of these 

studies can aid in the understanding of the group process and how the 

electronic meeting system may influence this process. 

The purpose of our research was to investigate the efficiency, 

effectiveness and user satisfaction of electronic meeting systems, as 

compared to manual systems. This was done within a framework 

controlling several dimensions of the group decision process believed to 

affect group outcomes: group size, the rule used by the group to choose a 

decision, the incentives driving the group, the distribution of useful 

information, and the task complexity. A task was developed to control and 

manipulate these five dimensions. The development of this task utilized the 

methodological view of experimental economics, the experience of social 

psychology with variables affecting group activities, and the technological 

expertise of management information systems. 

Group size was chosen for specific investigation in our study. Research in 

manual gr~ups found larger group sizes led to better solutions in some 

tasks, but the gain came at the expense of group member satisfaction. 
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Field studies using large electronic groups did not find a decrease in 

satisfaction. Our research explores the relation of group size and electronic 

meeting system support on the outcomes of effectiveness of decision, 

efficiency of proc~ss, and group member satisfaction. 

1 .3 Organization of the Dissertation 

The dissertation is organized into five chapters: introduction, conceptual 

model and literature review, research methodology, analysis and 

discussion, and conclusions. 

Chapter Two discusses the conceptual model developed for this research. 

This model utilizes variables previously examined by researchers, but 

brings them together in a new framework. The conceptual model is first 

compared to other models of group processes. Previous results 

concerning the effect of the independent variables on group process are 

drawn from the social psychological and experimental economic literature. 

Research in electronic meeting systems is reviewed using the framework 

of the model. Finally, the task developed for this research is described. 

Chapter Three describes the research design, the independent and 

dependent variables, the electronic meeting system used for the 

experiment, the experimental environment, subjects, procedures and pilot 

study. 
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Chapter Four contains the data analysis and a discussion of the results on 

the two groups of primary dependent variables: outcome variables and 

process variables. Outcome variables include group decision quality, group 

satisfaction, and time to group decision. Process variables include time 

measures of several processes and the number of votes taken to reach 

unanimity. Additional discussion covers aspects of the interaction of task 

and support, software functionality, leadership development, unanimity in 

electronic and manual groups, and the subjects' incentives. 

Chapter Five summarizes the results from the investigation, describes 

limitations of the study and identifies areas for future research. The 

contributions of this research are discussed. 
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CHAPTER 2. CONCEPTUAL MODEL AND LITERATURE REVIEW 

2.1 Introduction 

This research has drawn from . previous group research in social 

psychology, experimental economics and electronic meeting systems. 

Social psychologists were early pioneers in the study of groups, providing 

researchers with a compilation of the important factors that influence group 

process and outcome. Experimental economics has studied the 

experimental concerns of subject motivation and control in a laboratory 

setting. Electronic meeting systems has studied the effects of computer 

technology on group work. In our research, these three disciplines were 

combined to create a controlled experimental environment for the study of 

electronic meeting systems, incorporating previous knowledge of group 

work. 

In this chapter, the motivation and need for this research is first highlighted. 

Second, issues of experimental control and the structure of a useful 

experimental task are discussed. Third, the conceptual model of group 

decision making developed for our research is supported from the 

literature of social psychology and experimental economics. Fourth, 

experiments in electronic meeting systems literature are reviewed. Finally, 

the experimental task is described vis-a-vis the conceptual model on group 

decision making. 
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2.2 Motivation for the Current Research 

The term "electronic meeting systems," first used by Dennis, etaL, 1989, 

incorporated many previously defined automated systems such as group 

decision support systems, computer supported cooperative work systems, 

and computer mediated communication systems. Early works defined 

group decision support systems as automated tools to support group 

decision making [Sui & Jarke, 1984; Gray, 1981; Gray, 1983; Huber, 1982; 

Huber, 1984; DeSanctis & Gallupe, 1987; Steeb & Johnston, 1981]. Later, it 

was recognized that these tools were useful for many other meeting 

processes such as consensus building, information sharing, and idea 

generation, among others [Dennis, etaL, 1989; Kraemer & King, 1988]. The 

broader concept and terminology of electronic meeting systems included 

these aspects of group process. However, the problems of group decision 

making, and the need for support in this environment, still remain. our 

research focussed on the support of a deci~ion making task. 

Electronic meeting systems are still a relatively new and expensive 

technology, and it is important to continue to provide justification for the use 

of these tools by measuring their effectiveness and efficiency in providing 

improved group outcomes. It is equally important to study user satisfaction. 

Computerized systems often fail because the system is unsatisfactory to 

the users, not because of any problem in functionality. Electronic meeting 

system designers must also maintain the satisfaction of the users, while 

increasing effectiveness and efficiency. 
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Interest in the current study developed from a review of the conflicting 

results found in EMS research. The results of the field studies were very 

positive, finding increased task orientation, and high levels of member 

satisfaction [Nunamaker, etaL, 1987]. Group members perceived 

increased efficiency and effectiveness over the life of the group project 

[Dennis, etaL, 1988]. In cases where solution quality could be measured, 

electronic meeting systems gave higher quality solutions [Jarvenpaa etaL, 

1988]. 

The results from laboratory experiments on electronic meeting systems 

were inconsistent. A few researchers found higher decision quality using 

automated support over manual, unstructured groups [Gallupe, etaL, 

1987; A. Easton, 1988], while several found the decision quality to be 

unaffected [Watson, 1987; G. Easton, 1988; Lewis, 1987; 8eauclair, 1987]. 

Satisfaction of automated groups as compared to manual groups was 

found to be higher in one experiment [A. Easton, 1988], while several other 

experiments found satisfaction in automated groups to be lower [Gallupe, 

etaL, 1987; G. Easton, 1988; Watson, 1987] or the same as manual groups 

[Lewis, 1987]. (These studies will be covered in greater detail in the section 

on Electronic Meeting System Experiments.) It would be helpful to build up 

a taxonomy of group attributes and tasks where electronic meeting 

systems favorably impact group process. 
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The hardware and software systems varied in these research studies. 

Aspects of the hardware and software or the procedures may have 

influenced group outcomes. There is not yet enough evidence to conclude 

how "groupware" should be implemented. Detailed description of the 

hardware and software and procedures aids in determining their in 

effectiveness, efficiency, and satisfaction. 

Group size was another characteristic that differentiated the laboratory 

from field stUdies. Group size in the laboratory studies was small, ranging 

between three and six members. Most of the field studies used groups 

larger than the average meeting size of five [Datamation, 1985f. Increased 

group size in electronic meeting groups may have led to better productivity 

and efficiency, which increased member satisfaction. 

Several researchers have suggested this link between group size and the 

effectiveness of an electronic meeting system [Vogel, etal., 1988; 

DeSanctis & Gallupe, 1987], hypothesizing that a minimum group size 

must be overcome before the automated tools become useful. Using an 

EMS requires a set up cost in terms of difficulty of use, but there may be no 

additional difficulty in networking more people. The effect of group size in 

manual groups on satisfaction, decision quality, and efficiency has been 

studied in social psychology. These studies can be applied to the area of 

electronic meeting systems. 

1 Thirty-one participants in the case study by Dennis, etal. [1988], and an average 
of fifteen partiCipants from each company studied in Nunamaker, etal. [1987]. 
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No research yet published has experimentally examined the effect of 

group size on the effectiveness, efficiency, and satisfaction of groups using 

electronic meeting systems in comparison to groups using manual 

processes. In many tasks larger groups can lead to increased quality of 

group outcome [Hackman and Vidmar, 1970; Steiner, 1972]. By involving 

more people in an electronic decision process, it may be possible to 

improve the effectiveness of group decision-making while maintaining or 

increasing the efficiency and satisfaction of the group members. 

2.3 Experimental Control and Task Structure 

While systematic observation and field data collection are invaluabre at the 

beginning of a research program [Aronson, 1985], the experiment is the 

best research mode for differentiating between the effects of interacting 

independent variables. Turoff and Hiltz [1982], sum up the relationship 

between research methods: 

"A limited number of field trials with volunteer users but without 
control groups may be useful for system evolution guidelines; 
but they generate spurious reports of effectiveness and 
satisfaction. Among the reasons this is so are: 1) volunteers 
have a vested interest in the system in which they have 
invested their time, and 2) volunteers are likely to have been 
predisposed towards use of the system (in the process of 
becoming volunteers). Only by carefully measuring the 
outcomes of various types of decision aid tools is one likely to 
develop a science rather than an art form, in this new field of 
endeavor. n [page 145] 

To examine the relationship between group size and the effectiveness of 



electronic meeting systems, our research chose a laboratory experiment 

as the method of research. 
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An experimental research program must determine the independent 

variables that affect the outcome of the process under study, and control 

the levels of those independent variables through manipulation. The 

researcher must also control the environment: the subjects, their 

incentives, and the task set before them. The researcher may use smaller 

sample sizes than would be recommended for more uncontrolled methods 

of research [Bailey, 1987]. Without experimental control over influential 

variables, the laboratory experiment will yield equivocal results. 

A structured task is a form of control in an experiment. Some researchers 

have argued against using structured tasks to the study of decision support 

systems or electronic meeting systems, since many business problems are 

full of complex interactions and lack of structure. However, without some 

kind of structure, it is difficult to measure the effectiveness of a decision 

making technique. 

In this research, we have used the approach to structure outlined by 

Marsden and Pingry [1988], in which three types of problems can be 

outlined: currently structured, currently unstructured, and fundamentally 

unstructured. Currently structured problems only require an application of 

the known solution technique. Fundamentally unstructured problems have 
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no underlying structure, therefore, it is impossible to predict the effect of 

applying a problem solution. If there is no way to predict the effect of a 

solution, then the decision maker may as well be flipping a coin as using a 

complex decision technique. The cost of the decision would be smaller and 

the outcome no less reliable. 

Group decision support systems (a subset of electronic meeting systems) 

are most useful on currently unstructured problems. To make a decision is 

to apply a structure to a currently unstructured problem. A group is often 

gathered to try to maximize the chance of a correct (or better) structure 

being found. DeSanctis and Gallupe [DeSanctis & Gallupe, 1985, p. 3] 

define group decision support systems as an "interactive computer-based 

system which facilitates solution of unstructured problems by a set of 

decision makers working together." In the vocabulary of Marsden and 

Pingry, the system facilitates the structuring of a currently unstructured 

problem. 

To evaluate a decision-aiding technique, there must be an ability to judge 

whether the problem is correctly structured and solved using the 

technique. This requires knowledge of the correct solution. Researchers 

desiring to control and measure the effectiveness of a decision-aiding 

technique such as an electronic meeting system are caught between two 

seemingly irreconcilable positions: needing a task that is structured and 

has a correct solution, and needing a task that is unstructured and, 
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therefore, in need of solution. 

Marsden and Pingry point to a solution to this dilemma, "There are 

problerns which have been structured and problems that have not been, or 

cannot be, structured by the decision maker." [Marsden & Pingry, 1988, 

p.4] Thus, whether a problem is currently structured is a function of the 

decision-maker, not necessarily a function of the problem itself. If a 

structure is known to a decision-maker, then the task is structured. An 

unstructured problem, then, is one for which the decision-maker is 

unaware of the structure. A problem can be both structured and 

unstructured, depending on the person looking at the problem. The 

researcher can be aware of a structure, and know a correct solution, while 

the experimental participants are unaware of the structure, requir!ng them 

to determine an appropriate structure. 

Thus, there are three criteria for a useful experimental task: 1) It should 

have a structure and a correct answer so the participants' solutions can be 

judged, 2) The subjects should not be immediately aware of this structure, 

3) The task must be easy enough that the subjects can usually find or 

develop a structure to use in the problem's solution. 

These criteria describe a research task to evaluate a decision-making 

technique. The researcher must also determine which independent 

variables should be manipulated in the task. Manipulating these variables 
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in an experimental environment separates the effects of the independent 

variables driving the outcome, shows the dependent variables affected by 

the technology, and exhibits the interaction of the technology and other 

independent variables. 

2.4 A Conceptual Model for Group Decision Making 

The conceptual model developed for our research is illustrated in Figure 

2.1. Five important dimensions which influence a group decision process 

are group size, the incentive for accomplishing a task, the decision rule 

used in determining a group outcome (such as consensus or majority rule), 

the distribution within the group of information needed to solve the task, 

and the complexity of the task. These dimensions, in combination with an 

electronic meeting system, determine the group outcome. 

Development of this model was driven by the need to create a controlled 

experimental environment where variables may be manipulated and 

investigated. By specifying and limiting the number of variables under 

investigation, the researcher can more precisely determine the interaction 

and effect of these variables. This model is not proposed as an all

encompassing model of independent variables affecting a group process; 

rather, it represents the variables we believe to be important influences 

which have not been adequately controlled in other research models. 

These variables were distilled from examination of other group process 

models in social psychology, and from experience in experimental 



economics and electronic meeting support systems. 

Figure 2.1 Conceptual Model of Group Process 

Electronic Meeting Support , . " 
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Incentive Mechanism ~ 
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Information DistribUtionl 

Task Complexity 

Outcome 
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In the next sub-section, the model is contrasted to previous group models 

developed in social psychology. Previous studies in social psychology and 

experimental economics pertaining to these six variables are then 

reviewed. The model is used as a focal point for a discussion of other 

electronic meeting system experiments and results. Finally, the 

experimental task developed for our research is described and supported 

using our model of group process. 

2.4.1 Other Models of Group Processes 

To clarify the model developed for our research, we will compare our model 
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of group process to models in social psychology developed by Hare, Shaw, 

McGrath, Steiner, and Laughlin (see Figure 2.2). 

Figure 2.2 Group Process Model Variables, by Author 

Hare individual personalities 
1952 social characteristics 

group size 
communication network 
leadership 
task 

Shaw intellective vs. manipulative requirements 
1973 intrinsic interest 

difficulty 
population familiarity with the problem 
solution multiplicity vs. specifici t y 
cooperation requirements 

Steiner resources of the group 
1972 group process and interaction 

task demands 
conjunctive vs. disjunct i ve 
unitary vs. divisible 

McGrath properties of individuals 
1984 properties of the group 

properties of the: environment 
properties of the task 

conceptual vs. behavior a I 
conflict vs. cooperation 

Laughlin intellective (determining a true answer) 
1980 decision (determining a preferred answer) 

conflict 

Figure 2.3 shows the above listed variables rearranged into categories, 

according to the variables in our model. For reference, each variable listed 
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by an author is followed by that author's initial. 

Figure 2.3 Variables Categorized According to the Conceptual Model 

group size group size (H) 

incentive mechanism cooperation requirements (Sh) 
conflict (L) 
conflict vs. cooperation (M) 
intrinsic interest (Sh) 

decision rule solution multiplicity vs. specificity (Sh) 
conjunctive vs. disjunctive (St) 
cooperation requirements (Sh) 
group process and interaction (St) 
conflict vs. cooperation (M) 
intellective (determining a true answer) (L) 
decision (determining a preferred answer) (L) 

information distribution resources of the group (St) 
population familiarity with the problem (Sh) 

task complexity unitary vs. divisible (St) 
difficulty (Sh) 

EfvS communication network (H) 

randomization social characteristics (H) 
properties of individuals (M) 
individual personalities (H) 
resources of the group (St) 
population familiarity with the problem (Sh) 
properties of the environment (H) 

other leadership 

not used intellective vs. manipulative requirements (Sh) 
conceptual vs. behavioral (M) 
task (H) 
properties of the task (M) 
properties of the group (M) 
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Some of these variables fell into two or more categories in our model, and 

were listed in each category; for example, cooperation requirements can 

be partially determined by the incentive mechanism (form of group reward) 

and partially by the decision rule (unanimous versus majority). 

The first six categories in Figure 2.3 refer to the variables included in our 

research model of group decision process: group size, incentive 

mechanism, decision rule, information distribution, task complexity, and 

the use of an EMS. Under the category "Randomization" are grouped 

several other independent variables from the social psychology models. 

These variables are not included in our model as they cannot be directly 

manipulated, but are statistically controlled through randomization. 

The category "Other" contains the variable leadership. This is an 

independent variable in the model developed by Hare [1952]. Our research 

did not manipulate this variable, but rather made subjective observation 

and report of its development and effectiveness in this environment. 

The last category. "Not Used", includes concepts too vague to be classified 

as independent variables, or self-evident in research on problem-solving 

groups. Our research investigates only groups making a decision, thus the 

first two concepts, "intellective vs. manipulative requirements" [Shaw, 

1973] and "conceptual vs. behavioral" [McGrath, 1984], are not necessary 

in this context. The next two concepts, "task" [Hare, 1952] and "properties 
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of the task" [McGrath, 1984], do not describe any task dimensions. The 

final concept in this category "properties of the group" [McGrath, 1984], is 

also too vague to be a useful independent variable. 

Hare is the only researcher to mention group s!ze specifically [Hare, 1952], 

although McGrath includes group size in his more general concept of 

"properties of the group" [McGrath, 19<34] and Steiner includes size in his 

concept of "resources of the group" [Steiner, 1972]. 

Incentive mechanisms are structures for inducing subjects to attend to the 

experimental task, and to try to accomplish the task to the best of their 

abilities. Several concepts employed in other group process models can be 

specified and manipulated through an incentive mechanism. McGrath, 

Shaw, and Laughlin include a variable describing the cooperative or 

conflicting environment in the group. Incentives can determine whether a 

group is cooperative or competitive. Incentives influence the degree of 

conflict. As is discussed in section 2.4.2, interest in the task can be 

controlled by the incentive mechanism employed. 

The decision rule dictates how a group may choose a solution and how 

many solutions may be chosen. All tasks have can have a number of 

solutions, some better than others. Solution multiplicity or specificity [Shaw, 

1973] is a result of the decision rule applied. For example, idea generation 

calls for a list of alternatives; making a decision requires one specific 



outcome choice. In a "conjunctive" task the group outcome must be 

accomplished or chosen by every member of the group. In a "disjunctive" 

task the group outcome may be accomplished by any member of the 

group [Steiner, 1972]. Whether an intellective task is conjunctive or 

disjunctive is determined by the decision rule used to create the group 

outcome. Choosing one outcome for the whole group requires more 

cooperation from the group members than if every member is free to 

include their own solution, and so affects the degree of conflict in the 

groups. Contrary to McGrath [1984] and Laughlin [1980], as long as the 

task is not an "Eureka" task2 
, there may not be a difference in group 

process for determining a true answer or a preferred answer. If the task 

does not have an obvious solution, it will require group discussion and 

persuasion of members to a common solution. 
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Information distribution encompasses whether the members of the group 

have the resources necessary to make a decision [Shaw, 1973; Steiner, 

1972], and other concepts discussed in Section 2.4.4. Most experimental 

researchers have relied on randomization to statistically control for this 

factor. 

Shaw mentions task difficulty as a significant variable in determining group 

outcome and satisfaction [Shaw, 1973]. However, he does not define any 

measure for difficulty. Steiner uses the terms "divisible" or "unitary" 

21n an "Eureka" taslt, the gmup immediately accepts the correct solution if it is 
presented. 
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[Steiner, 1972]. A divisible task may be divided into subtasks. This may be 

more difficult than a unitary task, since it requires more cooperation 

betwepn members. 

Hare discusses the communication network, or the rules determining who 

may talk to whom [Hare, 1952]. In our research, this communication was 

controlled in the electronic groups by the EMS tool. As there were no rules 

limiting the communication in the manual groups, the EMS tool was 

configured to allow every person to communicate in writing with every 

other member of the group. In other research, the manual group could be 

instructed to communicate in a specific pattern, and the EMS tool also set 

to allow the same communication pattern. For example, members in a 

manual group could be instructed to communicate only through a central 

"hub" member; the electronic software could also restrict group 

communication through a single member. 

Social characteristics [Hare, 1952], properties of individuals [Hare, 1952; 

McGrath, 1984], resources of the group [Steiner, 1972] and population 

familiarity with the task [Shaw, 1973], are all variables which stl0uld 

influence the quality of an outcome and the time taken to determine a 

group outcome. However, it is difficult to impose these characteristics on a 

group. One expects the group convened to have some experience with the 

task at hand, and that some individuals have more expertise than others. 

Randomization may be used to statistically control for these 
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characteristics. 

In summary, there is no model which allows for a.dequate control of thesix 

independent variables of group size, incentive mechanism, decision rule, 

information distribution, task complexity and system of communication. 

These variables are often confounded with other variables, or defined in 

terms too vague to be used as variables in an experiment. The model 

developed for our research permits clear definition and manipulation of 

these variables. This will create a better understanding of the interaction of 

these variables and their influence on the effectiveness and efficiency of 

group process and the satisfaction of the participants. 

2.4.2 Independent Variables 

To further explore the effects of the independent variables in this 

conceptual model, literature on each variable is summarized. 

2.4.2.1 Group Size 

Much of the research on groups has compared the performance of groups 

to individuals in manual decision settings [Delbecq, 1971 ; Osborne, 1957; 

Steiner, 1972] . It has been found in some cases that the best individual 

outperformed the group [Steiner, 1972; Marquart, 1955; Laughlin, 1986]. 

Given the tendency for a group to perform below the combined potential of 

its members, and the fact that some tasks require the use of a group, lead 

one to ask how to increase the effectiveness and the efficiency of the 
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group, while maintaining individual satisfaction in the process. 

The effects of group size on group effectiveness, efficiency and satisfaction 

have been researched in hundreds of manual group studies. Steiner 

proposed that having more people in a group presented more resources 

which could be used to accomplish the task at hand [Steiner, 1972]. 

Marquart was among the first to recognize that the better outcomes 

attributed to larger groups could be explained by the greater number of 

"solvers'" in the group [Marquart, 1955]. Lorge and Solomon [1955] used 

statistics to calculate the percentage of groups of a given size which should 

be able to solve a problem, given the percentage of individuals in the 

population who could solve the problem. This was used to predict the 

highest pot~ntial for group effectiveness (assuming that the group did not 

gain from the interaction). Experimentally, manual groups have not been 

found to live up to this potential [Lorge & Solomon, 1955; Bray etaL, 1978]. 

Steiner further refined the group size effect by noting that in disjunctive 

tasks (where the outcome is determined by the best individual), larger 

groups have the advantage by having a greater number of solvers, while in 

conjunctive tasks (where the outcome determined by the worst individual), 

large groups are disadvantaged by having a greater number of non

solvers [Steiner, 1972]. 

The efficiency of manual groups generally decreased with increased size. 

The time spent by the larger groups was not shorter, hence the man-



minutes expended was larger for the large groups. This was especially 

evident in groups seeking consensus [Hare, 1976]. 
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Hare reviewed a number of articles and found that for group member 

satisfaction "the optimum size for a small discussion group may be five 

members ... " [Hare, 1981, P 697]. In two studies group members rated 

groups of size five as neither too large nor too small. Groups i:trger than 

five complained of too little time, need for a leader, uneven participation, 

and high levels of competition. Groups smaller than five did not have any 

complaints [Slater, 1958; Hackman & Vidmar, 1970]. Hare suggested that 

individuals in groups smaller than five felt too prominent in the discussion 

[Hare, 1981], or felt the group did not possess the resources necessary to 

the task. 

Manual groups may achieve higher solution quality with more members, 

but efficiency and satisfaction decline. Field studies have shown that large 

groups using an electronic meeting system communicate just as effectively 

as small groups, thus gaining the advantages of having more members 

without suffering the disadvantages. Our research examined the 

relationship between group size and the use of an EMS in an experimental 

setting comparing manual and electronically support group~. 

2.4.2.2 Incentive Mechanism 

Experimental economics has investigated incentive mechanisms 
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extensively. Economics historically relied on theory, econometrics and field 

studies for evidence of the structure underlying economic institutions. In 

the early 1960's, a few economists (Smith, Fouraker, Seigel) began 

examining economic institutions expel'imentally. They maintained it was 

possible to create parallel conditions to naturally occurring economies in a 

laboratory with a small number of people. To do this, they argued, the 

laboratory conditions must match those found in the society [Smith, 1982]. 

One of these conditions was the incentive structure under which a person 

accomplished a task. If a person had an incentive to succeed, he worked 

hard to do so. In business environments, people are usually rewarded for 

success in a job. Such an incentive system must be matched in the 

experimental environment. 

When comparing the quality of decision outcomes, the subjects must be 

working to make good decisions. This provides a solid basis for 

comparison of outcomes. To encourage good decision making, a subject's 

reward must be contingent upon, or "salient" to, his decisions. Thus, a 

subject makes decisions with an attempt to maximize his reward. A salient 

incentive mechanism provides better control over the effort expended by 

the subjects. 

There are many ways to create saliency in an experimental setting. For 

example, a researcher can create a reward system by asking subjects to 

generate solutions to a problem that highly contBTrts them. The form of the 



reward is internal satisfaction: the subjects are rewarded by discussing 

and solving their own problem. The reward is only salient, however, if the 

subjects earn more of the reward (satisfaction) by producing a better 

solution. 
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Unfortunately, it is difficult to determine what constitutes an intrinsically 

motivating task, and extremely difficult to develop a task that all subjects 

find inherently rewarding to solve. Rather than relying on the intrinsic 

interest of the task, it is easier to form a reward based on an external 

,judgment of quality of the subjects' decisions. People involved in a 

business decision are usually extrinsically motivated to perform well 

through the use of bonuses, raises, and promotions. This extrinsic reward 

system is the basis of employee motivation, and also transfers well to the 

laboratory setting. 

Another issue in determining an incentive concerns the medium of the 

reward. Many laboratory studies give course credit to student subjects. 

Most laboratory studies in experimental economics pay money to their 

subjects. No reward medium is inherently better or worse than another. 

Because money can be exchanged for many different forms of reward, it 

provides the experimenter with a more general incentive mechanism. 

However, no matter the medium for reward, it must be salient. A "show-up" 

fee, either in terms of course credit or money, is not a salient reward. After 

showing up and receiving the reward, the students are often just "putting in 
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their time" to avoid angering the researcher, who is frequently their course 

instructor. A salient reward, contingent upon their decisions, will encourage 

the subjects to work hard on the task itself. They earn more of the reward 

by making better decisions. 

Incentive mechanisms can also influence the competitive or cooperative 

nature of the group. If the reward is distributed equally between a group's 

members, the group will be cooperative, because maximization of the 

group reward maximizes their own reward. If the reward is distributed to 

members on the basis of their influence on the group decision, then the 

group will be competitive as each member tries to influence the group his 

own way. The competitive or cooperative nature of the group has an 

influence on the efficiency, effectiveness and satisfaction with the group 

and the process [Hare, 1976; Birnberg eta!., 1970]. 

2.4.2.3 Decision Rule 

Decision rules such as consensus, majority rule, veto rule, unanimity, etc., 

have greatly altered the group process [Hare, 1976]. Hare cited many 

studies that found that better decisions were made under consensus than 

majority rule. Holloman and Hendrick suggested that this increase in 

deCision quality under consensus was made at the expense of speed 

[Holloman & Hendrick, 1972]. Group member satisfaction was also 

influenced by decision rule. Members were less satisfied when forced to 

accept a decision [Miller eta!., 1987]. Satisfaction was also affected by the 
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interaction of a decision rule with the cooperative/competitive nature of the 

group. Cooperative groups were more satisfied with a unanimous decision 

rule than were competitive groups [Tjosvold & Field, 1983]. 

Many EMS experiments have not clearly specified and applied a decision 

rule in the experimental environment. Some used a consensus rule, 

although it was unclear that the rule was interpreted or applied consistently 

in all groups [Siegal, eta!., 1986; Watson, 1987]. In some groups consensus 

meant unanimity, in others it might have been the vocal minority's rule. Not 

enough attention was paid to the specification of a decision rule in 

experiments requiring a group decision. 

In addition to specifying a decision rule, it must be implemented the same 

way in all groups. For example, one group operating under consensus may 

work carefully, taking each person's opinions into consideration and 

working out a solution that truly satisfies the entire group. Another group 

may work until it appears that there is a majority consensus, then the 

majority declares that consensus has been reached and ends the session. 

This may impact the time needed for consensus or the group's satisfaction 

with the process and decision. Greater control can be gained by 

standardizing the implementation of the decision rule. 

One way of clearly measuring group consensus is by vote. If any person 

votes against a decision, then consensus has not been reached. This 
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quantifies the group members' stand on an issue. By using a voting 

process, the researcher can assure that the decision rule is applied equally 

in all groups. 

2.4.2.4 Information Distribution 

There are three types of information influences: access to the facts 

necessary to the task's solution, the distribution of those facts, and 

knowledge of the underlying task structure. These influences had a large 

bearing on the ability of a group to solve a task [Laughlin, 1975]. In a 

manual experiment, outcomes differed based on the facts given and 

whether they were processed by a group or an individual [Laughlin etaL, 

1986]. In another manual study, case information was distributed to a 

group so there were commonly-known facts and privately-known facts. 

The group biased its decisions toward the common information. This was 

true even when the private facts strong!·y discounted the common facts 

[Stasser & Titus, 1985]. 

In "current event" problems, each person brings different factual 

information and personal bias into the experimental setting. This can cause 

differences in group outcome that are not caused by the independent 

variables being manipulated. Most experiments control this statistically by 

random assignment of individuals to groups, and groups to tasks. This 

evens out the difference in group-held facts between groups. 
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In addition to using randomization, more control is provided by also using 

tasks based on cases that provide all the facts necessary to solve the 

problem. (The structure of the problem does not have to be included in the 

case.) Objective facts playa smaller role in the solution of such tasks, and 

have less effect on the group outcomes. 

The distribution of objective facts among group members is an area not yet 

investigated in electronic meeting systems. Most experiments have either 

used current event problems, or have distributed a complete case to all the 

group members. This is a simple task environment, as there is no need for 

sharing of factual information. In business groups, however, rarely does 

every member have the same facts. If cases are divided into disjoint pieces 

and distributed to group members, sharing of information between group 

members can be replicated in an experimental environment. 

Information also comes to a group by the knowledge, as opposed to the 

facts, brought by the members. While knowledge cannot be adequat.ely 

controlled through manipulation, it is possible to attempt measurement 'Of 

knowledge through questionnaires assessing a subject's experience and 

confidence in a subject area. The effect of an individuals' knowledge on the 

group outcomes can be examined. 

2.4.2.5 Task Complexity 

Simon suggested there were two main contributors to complexity: 1) the 
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number of elements in a system, and 2) the degree and nature of the 

interactions among the elements [Simon, 1964]. The first, a quantitative 

measure, has been incorporated into our deiinition of task complexity. 

Simon's second contributor confounded information distribution, decision 

rule, and incentive mechanism. The degree and nature of the interactions 

is determined by the information held by the group members, by the 

decision rules, and by the cooperation requirements influenced by the 

incentive structure. By separating the influence of these variables, our 

model better controls them. 

Other MIS researchers have investigated the complexity of a task [Gallupe 

etaL, 1988; Jarvenpaa etaL, 1985]. Gallupe varied the complexity of the 

task by changing the diagrams used to describe the case facts. The task 

was then calibrated until 70% of his population performed the easy task 

correctly, while only 20% performed the difficult task correctly. 

The experimental task used in our research specifies the number of 

elements in the task, as well as the levels of the other independent 

variables which contribute to complexity, such as information distribution, 

decision rule, and incentive mechanism. This gives an objective measure 

of the task complexity. 

2.5 Electronic Meeting Systems 

This review of electronic meeting system research concentrated on those 
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laboratory studies that investigated differences in manual and 

electronically supported groups. Rather than listing all the design variablos 

studied in each experiment, this review focussed on the independent 

variables covered in our group process model. These experiments are 

summarized in Figure 2.4 for easy reference. (A more complete review of 

these and other studies can be found in Dennis, etal., 1988). 

Figure 2.4 Experimental Research on EMS and Manual Groups 
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Some of the research used experimental tasks where the outcomes were 

ranked by quality. These experiments specifically examined how the EMS 

affected decision quality [A. Easton, 1988; G. Easton, 1988; Gallupe etaL, 

1988; Jarvenpaa etaL, 1988; Lewis, 1987; Steeb & Johnston, 1981 ; Zigurs, 

1987a]. Others examined tasks where there was no correct answer [Siegel 

etal., 1986; Watson 1987]. The latter did not investigate decision quality, but 

results for time to decision and the group member satisfaction. One study 

[Turoff & Hiltz, 1982] examined both answer tasks and opinion tasks. 

Decision quality was found to increase in EMS groups over manual groups 

in most of the studies [Beauclair, 1987; A. Easton, 1988; Gallupe etaL, 

1988; Jarvenpaa etaL, 1988; Lewis, 1987; Steeb & Johnston, 1981; Zigurs, 

1987a], although some found no chanQe in quality [G. Easton, 1988; Turoff 

& Hiltz, 1982]. It was not clear why these differences were found. A 

coordinated program of research would help to discover which variables 

drive the decision quality in a group context. 

Six of the eight studies which measured time to decision found that 

automated groups took more time than did manual groups [Siegel etaL, 

1986; Turoff & Hiltz, 1982; Steeb & Johnston, 1981 ; G. Easton, 1988]. The 

other two studies found no significant difference in time to decision for 

automated and similar manual groups [Gallupe etaL, 1988; A. Easton, 

1988]. Time to decision is either increased or unaffected by use of an EMS. 
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The group member satisfaction with the process and outcome in EMS 

groups was varied. Some studies found increased satisfaction [A. Easton, 

1988; Steeb & Johnston, 1981], some found no change in satisfaction 

[Jarvenpaa etaL, 1988; Lewis, 1987] and some found decreased 

satisfaction [G. Easton, 1988; Gallupe etal., 1988; Watson, 1987]. 

These experiments all used different electronic meeting systems hardware 

and software. The systems may be driving these outcomes. Unfortunately, 

we cannot at this time standardize all electronic meeting systems. We must 

therefore continue to give detailed descriptions of the hardware and 

software and the procedures used in EMS research. 

Figure 2.4 also summarizes the results of outcome variables, and also 

summarizes each experiment's control over the independent variables of 

interest in our research: group size, incentive mechanism, decision rule, 

information distribution and complexity. 

Group Size. Groups of three and four were most common. There was 

one experiment each in group sizes five, six, and seven. One experiment 

manipulated group size in only automated groups [Dennis etaL, "1989]. Idea 

generation task was used in groups of three, nine, and eighteen. Decision 

quality and member satisfaction increased as group size increased. Time 

to decision was not measured. Our research investigated the decision 

quality, time to decision, and member satisfaction in smail and large groups 
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in manual and electronically supported settings. 

Incentive Mechanism. Few of the experiments have specified an 

incentive mechanism. Several used fictitious tasks that had no importance 

to the experimental subjects [Siegel etal., 1986; G. Easton, 1988; Steeb & 

Johnston, 1981; Turoff & Hiltz, 1982; Zigurs, 1987a]. Three researchers 

attempted to develop intrinsic reward systems. One involved software 

engineers in a discussion of the value of possible software development 

projects. However, it was unclear whether the subjects believed their 

discussion would have any true impact on the selection of those projects 

for implementation [Jarvenpaa etal., 1988]. This lack of impact outside of 

the experimental environment undermines many other intrinsic interest 

tasks, for example, A. Easton, 1988 and Lewis, 1987. 

In another experiment using internal incentives, Watson [1987] 

administered a psychological test to each participant, measuring the 

importance of five beliefs (e.g., artistic, political, monetary, etc.). These 

beliefs corresponded to governmental projects to which the group could 

allocate a fictitious sum of money. The researcher thus identified the 

incentives of the individuals in allocating the money, and examined the 

group outcome in light of those individual incentives. 

In contrast to internal incentive mechanisms, two experiments awarded a 

priie to the group with the best answer in each treatment [Gallupe etaL, 
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1988; Lewis, 1987V The use of an external incentive seems more straight

forward than the intrinsic incentive, and it accommodates a task with 

correct or optimal solutions. The level of incentive can also be manipulated 

easily by increasing or decreasing the amount of money awarded. 

Decision Rule. The decision rule was rarely specified explicitly, although 

most mentioned some form of consensus. It was not usually explained how 

the consensus was applied or whether it was measured. One article 

mentioned that several groups "did not reach 100% consensus," leaving 

one to wonder exactly what decision rule was used [Siegel etaL, 1986]. 

Information Distribution. Four of the studies used case materials to 

control for outside information [G. Easton, 1988; Gallupe etaL, 1988; 

Watson, 1987; Zigurs, 1987a]. In these studies, all of the factual 

information was distributed to all of the group members. The other 

experiments relied on randomization to statistically control for the varying 

amounts of information held by individuals. None of the studies examined 

the distribution of knowledge among the group membsrs. 

Complexity. Only one of the studies attempted to measure the degree of 

complexity in the problem. Gallupe [1988] used calibration to specify two 

levels of difficulty. 

3 However, there is a difference in motivation between knowing that you may get a reward for 
your effort (if your group was the best of all the groups), and knowing that you will definitely get a 
reward based on the quality of your answer. 
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In summary, many of the experiments in electronic meeting systems have 

not controlled the variables in our model of group process and outcome. To 

measure the efficiency and effectiveness of electronic meeting systems in 

a decision making task, a task environment should be developed that 

specifies and controls the subjects' incentives, the information distribution, 

the task complexity, and the decision rules. The task should also have an 

outcome measure of effectiveness, and allow manipulation of the group 

size. This task can then be used to contrast the process and outcome of 

manual and electronic groups. 

2.6 Task Description 

For our research, a task was developed to control the variables in the 

conceptual model: group size, incentive, decision rule, information 

distribution, and complexity. The two versions of this task (the manual and 

the automated versions) are contained in Appendix A.2.1 and A.2.2. A brief 

overview (see Figure 2.5) will serve as a basis for further discussion of the 

task design. 

The task described the group as members of the Operating Committee for 

the Smalltown Pill Company, who have been brought together to determine 

the most profitable product mix for the company. The committee was to 

allocate a number of production rooms among several types of pills. In our 



Figure 2.5 Overview of Task 
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experiment, there were eighteen rooms and five pill types. The task 

description contained constraints on the number of available production 

rooms, and "rules of production" further limiting the possible product mixes. 

Each subject was also given a private sheet containing the amount of profit 

generated by one pill type for one, two, three, four, five, and six production 

rooms (see Appendix A.3.2 and Appendix A.3.34
). The task instructions 

also contained specific information on calculation of the profit generated 

• Two information sheets were developed to reduce the probability that the optimal 
answer would be disseminated to the subject pool. The high value numbers are double the 
low value numbers. In one experiment, either the high value or the low value sheets 
were used. 
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from a product mix. The participants' objective was to share their privately 

held profit information about products and determine the most profitable 

production room allocation for the set of products. The decision was 

approved by unanimous vote, using secret ballots. 

The subjects in the experiment received a small cash reward for attending 

the experiment. In addition, each individual in a group earned an additional 

variable cash payoff based on the actual profit generated by the product 

mix chosen by the group.The profit served as a quantitative measure of the 

group's performance, by which the groups were rewarded and compared. 

This provided a measure for the effectiveness of the group process. The 

time to decision provided a measure for the efficiency of the group process. 

A post-experimental questionnaire provided a measure for the satisfaction 

of the experiment. 

This task does not fit neatly into the McGrath circumplex of tasks, familiar 

to most EMS researchers [McGrath, 1984]. The task was a problem

solving task with many correct outcomes and one best outcome. The task 

was an integer optimization problem; however, knowledge of optimization 

programming was not necessary to solve the problem. The only knowledge 

requirement of the subjects was the ability to correctly add five numbers. 

In Steiner's terminology, the task was both disjunctive and conjunctive. 

After sharing the information, any person could have found the best 
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solution. This was a disjunctive task, which might have led to better 

performance by the large groups. However, the group had to unanimously 

accept the proposed solution. This was a conjunctive task, which might 

have favored the small groups. The task was divisible as each member 

could try a different product mix. Such a division of labor also favored the 

large groups because more product mixes could be checked in the same 

amount of time. However, it was left up to the task groups to organize this 

subdivision of the task. 

The task permitted easy manipulation of the five research variables, as 

discussed below. 

The group size could be varied by increasing the number of products 

(each person had one product), or by increasing the number of people who 

had each product's profit information. The latter approach was chosen in 

our research to maintain a constant level of complexity in the two group 

sizes. For groups of five, one person had one product's profit information; 

for groups of ten, two people had one product's information. 

The incentive mechanism in this task was salient because the 

participants were rewarded based on the quality of their decision. Finding a 

higher profit earned the individuals more payoff. The incentive also 

influenced the competitive or cooperative atmosphere of the meeting. By 

evenly splitting the profit payoff between all members, the group was 



cooperative and each member quickly shared his information with the 

group and helped the group determine the best profit. If the payoff had 

been based on a percentage of the individual's product used in the final 

product mix, the group would have had a competitive incentive structure. 

Our research used the cooperative mechanism. This was the simplest 

case of information sharing and decision making and can serve as a 

baseline for future research examining the effects of a competitive 

environment. 
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The decision rule could be changed, providing for future comparison of 

the unanimous decision, the simple majority, or other decision rule. Our 

research chose the consensus rule to replicate the tasks widely used in 

other, electronic meeting research. Consensus was here defined as the 

unanimous acceptance of a proposal. Anonymous voting determined 

whether unanimous acceptance had been reached, controlling the 

application of the rule in all groups. 

The information distribution was controlled by using a case problem 

supplying all the necessary information for the group to make a good 

decision. This limited the effect of external information brought to the group 

by the members. The distribution of the information was manipulated by 

giving the group members common and private case facts. Prior 

knowledge of the task structure, as opposed to the facts about the case, 

was measured by an exit questionnaire. 
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The task complexity was held constant in both group sizes by using the 

same number of products, of production rooms, and constraints. The 

additional communication complexity found in the larger group was 

investigated, without confounding it with increased task complexity. The 

product mix rules were plainly set forth in writing, and discussed by the 

researcher, to eliminate any equivocality in the implementation of these 

rules. The complexity was kept at a low level, requiring the integration of 

thirty pieces of consistent information (five products, a maximum allocation 

of six rooms per pill) with highly structured rules. There was a total of 752 

feasible solutions, 1 04 o~ which were most likely (because the used all the 

allotted rooms). In future research the effects of additional complexity 

could be assessed. 

2.7 Conclusion 

One way electronic meeting systems may create benefits is by faCilitating 

the interaction of larger groups, thus gaining better or faster solutions. 

Large groups have successfully used electronic meeting systems in the 

field, but as yet, no research has compared large and small, manual and 

electronic groups in a laboratory setting. Our research examined the 

effectiveness, efficiency and satisfaction of both manual and electronically 

supported groups. 

The review of experimental EMS research found varying results. This may 
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have been due, in part, to the lack of control over the independent 

variables influencing groups. To better understand the variables driving the 

group outcomes, our research task and environment exerted more control 

over the experimental setting. The six research variables controlled in this 

study were the group size, the incentive mechanism, the decision rule, the 

distribution of information in the group, the complexity of the task, and the 

system of communication. The hardware and software and procedures 

used in group decision processes will also determine the outcomes. A 

detailed description of the hardware and software and procedures is 

provided in the following chapter. 



CHAPTER 3. RESEARCH METHODOLOGY 

3.1 Introduction 

This research conducted a controlled laboratory experiment comparing 

the process and outcomes of small and large student groups, using a 

manual or electronic meeting system environment for decision making. 

This chapter describes the experimental design, the research variables, 

the subjects, the research setting, the electronic meeting tool, the 

experimental procedures, and the pilot study. 
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Our experimental task differed widely from the typical EMS research task; 

therefore, previous EMS findings may not havE> held in this environment. 

The use of an electronic meeting system might have resulted in different 

outcomes from previous group size experiments. Because of these 

differences, no formal hypotheses were developed for testing. Our 

research was exploratory research, investigating a wide range of results. 

This gathered more information about the effects of the five independent 

variables and their interaction with this research task and with the 

electronic meeting tool. 

3.2 Experimental Design 

The experiment was a two by two, between subjects, design (see Figure 

3.1). 



Figure 3.1 Experimental Design 

Group 
Size 

Small 

Large 

(4 groups) 

(4 groups) 

Suppport 

Manual 

(4 groups) 

(4 groups) 
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There were four treatments: small manual groups, small electronically 

supported groups, large manual groups, and large electronically 

supported groups. There were four groups in each treatment. This resulted 

in a total sample size of 16 groups. 

3.3 Research Variables 

Figure 3.2 lists the independent, controlled and dependent variables in the 

experiment. Each will be further described in the following sections. 

3.3.1 Independent Variables 

The two manipulated independent variables were the technology used to 

support the group and the group size. The electronically supported groups 

used the Plexcenter meeting room and one communication tool in the 

PLEXSYS system developed at the University of Arizona, Department of 

Management Information Systems [Applegate etal., 1986; Nunamaker 



58 

etaL, 1987]. The manual groups met in a conference room equipped with a 

flip chart. Both meeting environments are further discussed in Section 3.5. 

Figure 3.2 Experimental Design Variables 

Independent Controlled Dependent 

Technology Decision Rule Decision Quality 

Group Size Information Satisfaction 
Distribution - Personal Satisfaction 

- Evenness of Participation 
Task Complexity - Personal Responsibility 

Incentive Time to Finish 

Process Time Variables 
- Time to Share Info. 
-, Time til First Proposal 
- Time to Optimal Proposal 

Votes 

The second manipulated independent variable was group size. Five

member groups represented small groups. This size represented the 

optimal manual group size in terms of member satisfaction [Hare 1952], 

and was the most common size for business groups [Datamation, 1985]. 

This served as a "best case" for manual groups .. Ten-member groups 

represented large groups. This size was outside the generally accepted 

size for small groups [Hare, 1952 & 1981; Steiner, 1972], while still being a 

manageable size for a laboratory experiment. Because of problems with 



subject attendance, only six of the eight large group treatments had ten 

members. One group in the electronically supported treatment had nine 

members; one group in the manually supported treatment had eight 

members. 

3.3.2 Controlled Variables 
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The other independent variables in the conceptual model were controlled. 

These were the decision rule, information distribution, task complexity, and 

incentive structure. 

The decision rule was unanimity, achieved by secret ballot. This rule was 

discussed in the practice problem, repeated in the experimental task 

description, and enforced in the experimental session. Voting assured that 

the decision rule was applied consistently to each group. The task was not 

complete until every member of the group had voted for the same decision. 

The information needed for the task was controlled by the use of the case 

described in Section 2.6. The information was distributed evenly among the 

group members so that no person received more information than any 

other. Prior knowledge about similar tasks was measured by several 

questions in the exit questionnaire. Where appropriate, this information 

was used as a covariate in the analysis of the dependent measures to 

further control for information influences. 
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The tasl< complexity was held constant by keeping the same number of 

pills, of production rooms, and maximum number of rooms available for 

each pill. In large groups the same pill information was given to two people. 

This doubled the communication complexity while maintaining the task 

complexity. 

The incentive structure was divided into the show-up fee and the earned 

payoff. Students were given two dollars and course credit for showing up to 

the experiment to encourage participation. Additionally, each member of a 

group earned a cash payoff based on the product mix chosen by the group. 

This payoff varied between groups, depending on the outcome chosen by 

the group. ':::ach member of a group received the same payoff. This 

encouraged a cooperative environment. 

3.3.3. Dependent Variables 

There were two groups of dependent variables: the outcomes of the group 

process, and the process itself. The outcome variables were the quality of 

the decision, the group member satisfaction, and the time to finish. The 

process variables were the time to share information, the time to generate 

a first proposal, the time to generate the optimal proposal, and the number 

of votes taken to achieve unanimity. 

Decision quality was measured by the profit generated from the product 
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mix chosen by the group. The higher the profit, the higher the quality of the 

decision. Each group had the same possible profit range, from $1.80 to 

$5.00 per person (see Appendix A.4 for a complete listing of the feasible 

solutions and profits). 

Group member satisfaction was measured in an individual post

experimental questionnaire (see Appendix A.5). The questionnaire was 

developed from several questionnaires used in previous laboratory 

experiments comparing manual and electronic grol!ps [Gallupe etaL, 1985; 

Heminger, 1989; A. Easton, 1988; G. Easton, 1988; Connolly etaL, 1988]. 

Factor analysis of the questionnaire responses was used to increase the 

validity of the these measures. 

Time to finish was measured from the time the group began to solve the 

problem to the time the group voted unanimously to accept a product mix. 

The groups were informed they had a maximum of sixty minutes to 

conclude the task. The researcher announced the time five minutes before 

the expiration of the hour, if the group had not reached a decision before 

that time. 

The process variables measured the process (rather than the outcome) of 

solving the problem and voting for a solution. The time to share information 

was recorded when every piece of private information had been shared 

among the group. The time to first proposal was recorded when the first 
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complete proposal was suggested (assigning a specific number of rooms 

for each of the five pills). The time to optimal proposal was recorded at the 

first mention of the proposal which generated the highest profit. The 

number of votes to consensus was the number of times the group went 

through a formal balloting process, including the final unanimous vote. 

3.4 Experimental Subjects 

The subjects were undergraduates in several MIS courses at the 

University of Arizona. Many researchers believe the use of student 

subjects limits the generalization of experimental results. We believe the 

use of students in this experiment was justified because they were to 

determine a solution to a problem well within their capabilities. It did not call 

for knowledge found only in business or manager populations. The 

structure of the problem was generally unknown to them, although they 

could find solutions to it without need particular expertise. This study can 

be generalized to similar settings where groups are working on unfamiliar 

problems with unknown structure, where they have the information 

necessary to find solutions. 

Demographic information on the subjects was collected in the post

experimental questionnaire (see Appendix 8.1 for the complete 

demographic information). The students ranged in age from 18 to 42, 90% 

of the students were between the ages of 18 and 26. The number of 

computer classes taken by each individual varied widely. 60% of the 
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students reported having taken four or fewer computer classes, eight 

students reported having taken more than 10 computer classes, and of 

those eight, three reported having taken over 20 computer classes.' Only 

5% of the students reported "hunt and peck" typing skills, the rest of the 

subjects reported "rough or casual typing" or better. This high level of 

typing skills alleviated the problems in type-written communication 

sometimes reported in computer experiments. 72% of the students were 

male. 62% of the students reported knowing no other member of their 

group. 

3.5 Research Setting and Electronic Meeting System 

The meetings were held in three different settings. Rather than hold the 

research setting constant, each treatment was held in a room best fitted to 

that treatment's decision process. Thus, the small manual groups met in a 

regular conference room of an appropriate size for five people; the large 

manual groups met in a similar conference room, large enough to allow the 

members to move about the room comfortably. Both large and small 

electronic groups met in the Arizona Plexcenter. We believe this this 

change in research setting confounded the experiment less than forcing 

the subjects in the manual condition to meet in an electronic meeting room 

which did not meet the needs of a verbally and physically interacting group. 

The two manual treatments could discuss the problem orally, and had a flip 

1 These large numbers seem unlikely for undergraduate students. Possibly the term 
"classes" was interpreted differently by these respondents. 
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chart at the front for recording shared information. The two electronic 

treatments shared and recorded information via the software only. Both 

groups had pencil and paper for private figuring. The manual groups had 

paper ballots for voting (see Appendix A.3.1). When the manual groups 

voted, the researcher collected the ballots and announced the results. This 

process was matched in the software by an anonymous voting module. 

The University of Arizona PLEXSYS Decision Room contained aU-shaped 

table with recessed A TT personal computers networked to a common 

servef . Each member of the electronic group was seated at a computer 

and could see the other members over the top of the computers. All 

communication took place through the computers. There was no oral nor 

hand-written information exchange permitted between members after the 

experiment began. No front screen was used in this experiment; all 

information was displayed on each member's computer screen. 

The software used in the electronic sessions was "Electronic Discussion 

System," a communication and voting tool developed for the PLEXSYS 

software tool box [Pendergast, 1989]. Group members interacted with 

three files: the discussion file for information sharing, the ballot file for 

voting, and the results file for ballot results. Each subject received a page 

summarizing the purpose of these files and the function keys used in each 

file (see Appendix A.1.4) 

2 This facility has bee!"! described in greater detail in Applegate etal, 1986; G.Easton, 
1988 and A. Easton, 1988. 
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The group members entered their information into the discussion file which 

could be seen by all members simultaneously (see Figure 3.3). A member 

entered his comments in the bottom part of the screen. After a comment 

was finished, it appeared in the top part of the screen. The top part of the 

screen contained all the comments entered by group members. Newly 

entered comments appeared at the bottom of the file. 

Figure 3.3 Discussion File in Electronic Discussion System 

1) Jim 
I think we should all share our information. Everybody type in 

the profit for their pill type. 

2) Sara 
If we give 4 rooms to pill A we get $170 in profit. 

3) Tom 
Hey, this is cool! 

4) Nancy 
The marginal profit is the largest in my pill when we give 
it 4 rooms. I think my pill should have 5 rooms. 

5) Jim 
Pill B 
I room $200 
2 room $240 

Pill C 
I room $240 
2 room $250 
3 room $290 
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As more comments were entered, previous comments scrolled off the top 

of the screen. The group member moved about the electronic file of the 

group's comments by using the Page Up or Page Down keys, and keys to 

move to the top or bottom of the file. A list of the control keys for using the 

software appeared in the middle and the bottom of the screen. Comments 

were numbered for easier reference. No search capabilities were included 

in the software. 

In this experiment, each member was identified by first name. This was to 

mimic, as much as possible, the situation in the manual groups where the 

group members knew who was talking and making suggestions. In this 

way, the electronic group members could tell who was "talking" and who 

wasn't, who was pressing for acceptance of a solution, etc. 

The software color-coded two types of information. "Comments" were used 

to share information, suggest strategy, and converse. "Proposals" were the 

only statements which could be brought up for a vote. The participant typed 

in his information, then indicated whether it was a comment or proposal by 

pressing one of two function keys. These two types of information were 

color-coded for easy reference: white statements were comments, blue 

statements were proposals. The distinction between the two types of 

information was made and discussed with the subjects, and experienced in 

the practice problem. 
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A second file used by the group members was the voting file. This file 

contained all the proposals entered by the subjects, as well as a proposal 

seeded into the ballot file by the researcher at the beginning of the session 

(see Figure 3.4). The seeded proposal, the first listed, allowed a participant 

to indicate that he did not wish to vote for any of the current proposals. A 

vote was signaled by pressing a function key. A vote could be signaled by 

any member of the group at any time. The signal brought all the group 

members immediately into the voting file. Each individual chose a proposal 

by using the cursor keys to highlight his choice, then pressing the enter key. 

This file could also be scrolled up or down, as a list of proposals could take 

up more than one screen. 

Figure 3.4 Voting File in Electronic Discussion System. 

1 ) I don't want to vote for any of the current proposals. 
I want to continue discussion. 

2: Pill A - 5, Pill B - 5, Pill C - 2, Pill D • 3, Pill E - 3 
Profit -- $1850 

3: Pill A - 4 Pill B - 4, Pill C - 4, Pill D - 3, Pill E - 3 
Profit -- $2000 

4) Pill A and B should be set to 4. C should be 5 
D and E should be 4. Profit is $2020. 

Members had to vote for one of the entered proposals in order to exit from 

the ballot file. The seeded proposal permitted a member to abstain from 
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choosing one of the proposals entered by the group. Since the experiment 

called for an unanimous decision, this continued the discussion and voting. 

Only one vote was permitted per member per ballot. A new ballot was 

entered each time a member called for a vote. After voting, a member was 

automatically returned to the discussion file. 

After all members voted, the results were tallied and recorded in the results 

file (see Figure 3.5). A system message notified the group when all 

members had completed a vote. The results of the ballot could then viewed 

by pressing a function key. The number of votes cast for each proposal 

were recorded. (This was modeled in the manual groups by the 

anonymous ballots collected, tallied, and announced by the researcher.) 

Proposals receiving at least one vote were carried forward to the next 

ballot. Any proposal receiving no votes (including the seeded proposal) 

were dropped from the ballot file. Proposals entered after a one vote were 

included in the ballot file for the next round of voting. The experiment was 

concluded when all members voted for the same proposal. In cases where 

there were two equivalent proposals in the ballot file, the researcher 

summed the votes. 

The results of each ballot were kept in the results file. for the group's future 

reference. The newest ballot results were placed at the bottom of the file. 

Subjects entered the file at the top, and used the Page Down key to move 

through the previous results to the latest results. The results were labeled 
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by time of vote. 

Figure 3.5 Results File in Electronic Discussion System. 

1) I don't want to vote for any of the current proposals. 3 
I want to continue discussion. 

2) Pill A - 5, Pill B - 5, Pill C - 2, Pill 0 - 3, Pill E - 3 0 
Profit -- $1850 

3) Pill A - 4 Pill B - 4, Pill C - 4, Pill 0 - 3, Pill E - 3 1 
Profit -- $2000 

4) Pill A and B should be set to 4. C should be 5 1 
o and E should be 4. Profit is $2020. 

To summarize the group process, the subjects simultaneously typed 

information into the discussion file. This information was color coded as a 

comment or a proposal. The group members frequently stopped to read 

what others had written, or to go back through the file to see a previous 

comment or proposal. At any time a member could call for a vote. All group 

members were then required to vote for one of the current proposals. After 

voting, the subject was returned to the discussion file where he entered 

more comments and waited for the vote-finished signal. While voting, the 

subject did not have access to the discussion file. While a vote was in 

progress, no one could enter another proposal. (This was to keep 

everyone current in the proposals they had seen and voted on.) When the 

end of a vote was signaled, all members typically entered the results file to 



see how the ballot had come out. They then returned to entering 

comments and proposals if the decision was not unanimous. They 

continued these rounds of typing and voting until an unanimous decision 

was reached. 

3.6 Experimental Procedures 
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The researcher used a checklist to prepare for, and conduct the sessions 

(see Appendix A.1.1 and A.1.2 for electronic and manual checklists). After 

the subjects had gathered, extra subjects were, in most cases, paid the $2 

showup fee and dismissed. To compare the group results with individual 

results, seven of the extra subjects were asked to solve the problem 

manually by themselves. The experimental procedure for these individuals 

are reported in Appendix C. The individual measures are also compared to 

the group measures in the appendix. 

For each treatment the experimental procedures were roughly equivalent 

(see Appendix A.1.3 for the electronic instructions and Appendix A.1.5 for 

the manual instructions). These instructions were read aloud by the 

researcher. The researcher first read through the introductory remarks. 

The researcher then led the groups through a sample problem. For the 

electronic groups, this time also served to teach the participants use of the 

hardware and software. The electronic groups gained experience with the 

software, while the manual groups "warmed up" and cast a few ballots. In 

all treatments, the groups spent about 20 minutes working on the sample 
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problem. 

The researcher then handed out the experimental problem appropriate to 

the treatment (see Appendix A.2.1 for the electronic instructions and 

Appendix A.2.2 for the manual instructions). The group members read 

through these pages silently. After every member of the group had finished 

reading the instructions, the researcher highlighted the profit calculation, 

the rules for choosing a correct product mix, the rules for sharing 

information, and decision rule. 

After answering any final questions and directing the group to begin, the 

researcher recorded impressions and observations and time mark pOints3 
• 

. In the manual groups, the researcher collected and announced voting 

results; in the electronic groups, the researcher monitored the comments 

and the voting results, and announced when the group had reached an 

unanimous decision. 

After the group had unanimously chosen a product mix, the researcher 

announced the payoff generated by that product mix. (The listing of 

product mixes and the profit generated by each is given in Appendix A.4.) 

The optimal product mix was not announced.4 The post-experimental 

3 In some trials, there was still some confusion over the profit calculation. These 
questions were answered orally by the researcher. 

• Most of the participants expressed a strong desire know the optimal outcome. This 
was announced to the participants' classes after the entire experiment was completed. 
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questionnaires were filled out, and the participants were paid the two dollar 

show up fee, plus the payoff amount determined by their product mix. 

The experiments were conducted over a time span of three months. This 

length of time was required because of a series of unforeseen problems. 

New hardware and network software was received and installed. Much 

testing was required to regain compatibility with the Electronic Discussion 

System software. The experimental room for the electronic groups was 

temporarily under construction. Due to the large number of subjects 

required for each trial (thirteen were typically scheduled for one time slot), 

few trials could be scheduled in one week. Finally, there were problems in 

subject attendance and in scheduling time in the Plexcenter. Due to all 

these constraints, only four groups per cell participated. 

3.7 Pilot Study 

Pilot tests were used to determine if the problem was appropriately 

difficult. The problem, as originally developed, was too easy: all the grol:lPs 

found the optimal answer in nine to forty minutes. (All pilot tests were 

unpaid, volunteer subjects.) One of th() constraints was then eliminated, 

greatly increasing the number of possible product mixes. Changes were 

also made in the software to make it easier to use. 
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CHAPTER 4. ANALYSIS AND DISCUSSION 

4.1 Introduction 

This chapter presents the data analysis and experimental observations. 

The major statistical findings are grouped into two sections: outcome 

variables (deCision quality, group member satisfaction, and time to finish) 

and process variables (other time measures and number of votes). The 

effect of prior knowledge on the dependent variables is discussed. Analysis 

of variance is performed for all the dependent variables. Observations are 

made on task/tool interaction, software functionality, equivalence of 

decision rules, leadership, and domina"nt incentive structure. The data 

analysis comparing measures for the groups to measures for the 

individuals who undertook the task are in Appendix C. 

Statistics for the individual satisfaction measures were based on 113 

observations (some members did not completely fill out the questionnaire); 

statistics for the group measures of decision quality and time were based " 

on 16 observations.' Due to the exploratory nature of this research, a .10 

significance level was used. Data for one large EMS group was thrown out 

before analysis and replaced by another experimental group in the same 

treatment (see Section 4.4.3 for further explanation). 

4.2 Outcome Variables 

1 All statistics were calculated using a VAX computer running SPSS-X. 
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Decision effectiveness was measured by the subject payoff, which was 

proportional to the profit generated from t.he product mix chosen by the 

group. Decision efficiency was measured by time needed by each group to 

finish the task. Group member satisfaction was measured by a post

experimental questionnaire. 

4.2.1 Decision Quality 

Every group used in the study chose the optimal solution. The levels of the 

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. 

4.2.2 Satisfaction 

A Factor Analysis of the post-experimental questionnaire, using Principle 

Components Analysis and Varimax Rotation, showed three major 

groupings: member satisfaction, member participation, and perceived 

evenness of participation (see Appendix B.2 for the Factor Analysis). 

Questions 1 through 5, 11, and 12 made up the concept of general 

member satisfaction. These questions are listed in Figure 4.1, with the 

IH<ert scale endpoints associated with them. 



Figure 4.1 Questions Associated with Member Satisfaction 

1. The overall quality of the problem solving process was [Poor -- Good] 
2. The problem solving, on the whole, was [Ineffective --Effective] 
3. The outcome chosen was [Unsatisfactory -- Satisfactory] 
4. The problem solving was [Incompetently Executed -- Competently Executed] 
5. The behavior of the group was [Goal Directed -- Not Goal Directed] 

12. How satisfied or dissatisfied were you with the group's solution? 
[Very Dissatisfied -- Very Satisfied] 
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( Question 11 waD a mUlti-part question: "How would you describe the group's 
problem solving process?" The following are the endpoints of 5 point Iikert scale.) 

11 a. [Dissatisfying -- Satisfying] 
11 b. [Uncoordinated -- Coordinated] 
11 c. [U nfair -- Fair] 
11 d. [Confusing -- Understandable] 
11 e. [Inefficient -- Efficient] 

Questions 7,8, and 9 made up the concept of member participation (see 

Figure 4.2). For each of the three questions, the likert scale was anchored 

to the following phrases: (1) Not at all, (2) To a little extent, (3) To some 

extent, (4) To a great extent, (5) To a very great extent. 

Figure 4.2 Questions Associated with Member Participation 

7. To what extent do you feel personally responsible for the correctness of the 
group decision? 

8. To what extent does the final solution reflect your inputs? 
9. I made suggestions about doing the task. 

Questions 6 and 10 made up the concept of perceived evenness of 

participation. These are listed in Figure 4.3, with the likert scale endpoints 

associated with them. 



Figure 4.3 Questions Associated with Evenness of Participation 

6. The participation in the discussion was: 
[Unevenly Distributed -- Evenly Distributed] 

10. We all worked just as hard to find the decision. 
[Not at all -- To a very great extent] 

Single measures were created for each of the three concepts using the 

factor weightings generated using the Regression method in the Factor 

Analysis. This created three latent variables having a mean of zero and a 

standard deviation of one. 
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Satisfaction may have depended on a group member's prior knowledge of 

the problem. Three questions in the post-experimental questionnaire 

measured the subject's prior knowledge 01 the type of problem posed in 

the experiment (see Figure 4.4). Question 19 was a five point Likert scale 

response. 

Figure 4.4 Questions Associated with Prior Knowledge 

17. Have you taken a course in Linear Programming? [YIN] 
18. Have you taken a course in Operations Management? [YIN] 
19. How familiar are you with the type of problem your group just solved? 

[Never seen it -- Very familiar] 

The first two questions (OM and LP) were objective measures of prior 

exposure to the task structure. The final question (FAMILIAR) was a 



qualitative self-report measure. These three questions were highly 

correlated, as shown in Figure 4.5 

Figure 4.5 Pearson Correlation Coefficients for Prior Knowledge 

OM 

LP 

FAMILIAR 

OM 

1.0000 
( 115) 

P= . 

.1457 
( 115) 

P= .060 

.3295 
( 114) 
P= .000 

LP 

.1457 
( 115) 

P= .060 

1.0000 
( 115) 

P= . 

.1945 
( 114) 
P= .019 

FAMILIAR 

.3295 
( 114) 
P= .000 

.1945 
( 114) 
P=.019 

1.0000 
( 114) 
P= . 

(COEFFICIENT / (CASES) / 1-TAILED SIG) 
" . " IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED 
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Multiple regression was used to determine whether these three variables 

had a significant effect on the satisfaction variables.2 Equation 4.1 gives 

the formula for the F value of the added independent variables. The 

degrees of freedom for the F test are given by the two denominators in the 

equation [Neter, eta I. 1985] . 

Equation 4.1 [SSE(reduced model) - SSE(ful! model)] + SSE(full model) 
df(reduced) - df(full) df(full) 

2 First, a regression was run of the two manipulated independent variables (group 
size and support) and their interaction term, on the dependent variable member 
satisfaction. The regression was then run again, including the other three independent 
variables used to measure prior knowledge (OM, LP, and Familiarity). 
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Prior knowledge significantly affected member satisfaction3 
, but did not 

have a significant effect on the other two measures (see Figure 4.6). This 

finding has implications for other EMS research. If prior knowledge of a 

task influences satisfaction, it should be routinely measured. Its effects 

should be removed from the analysis of satisfaction so the significance 

found will depend on the independent variables. This has not been done in 

previous EMS research. 

Figure 4.6 F and P Values for Prior Knowledge on Satisfaction 

Variable 

Member Satisfaction 
Member Participation 
Evenness of Particpation 

F Value 

2.46 
1.59 
1.59 

df 

3/105 
3/105 
3/105 

P Value 

.07 
greater than .10 
greater than .10 

An analysis of variance was performed on member satisfaction, using the 

three prior knowledge variables as covariates. Figure 4.7 shows the cell 

means for general member satisfaction. These values are the rescaled 

latent variable created from the factor analysis with a mean of zero and a 

standard deviation (S.D.) of one. Since the sample sizes of the large groups 

are roughly twice the size of the small groups, the support means are not a 

3 P values were found using tables in Neter,etal., 1985 and linear interpolation. 
Interpolation was not attempted at values much greater than .10. 
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simple average of the cell means. The p values for the effect of the 

independent variables, size and support, and their interaction, are 

calculated after removing the effect of the three covariates measuring prior 

knowledge. The p values for the effects of the covariates are also shown. 

Figure 4.7 AN OVA on Member Satisfaction using Covariates 

Suppport 
Manual Size Means 

Group 
Size 

Small 

Large 

Support 
Means 

Source of Variation 
Covariates 

OM 
LP 
FAMILIAR 

Main Effects 
AUTO/MANUAL 
SIZE 

2-Way Interaction 
AUTOMAN/SIZE 

Explained 
Residual 
Total 

0.36 

-0.30 

-0.08 

.ssE 
5.861 
1.987 

.248 
5.429 

.718 

.012 

.714 
2.024 
2.024 

12.357 
92.416 

104.773 

g{ 
3 
1 
1 
1 
2 
1 
1 
1 
1 
6 
105 
.111 

0.09 

0.10 

0.10 

M.S.E 
1.954 
1.987 

.248 
5.429 

.359 

.012 

.714 
2.024 
2.024 
2.060 

.880 

.944 

0.23 

-0.11 

S. D. 1.00 

.E 
2.220 
2.258 

.282 
6.168 

.408 

.014 

.812 
2.300 
2.300 
2.340 

Sig of F 
.090 
.136 
.597 
.015 
.666 
.907 
.370 
.132 
.132 
.037 

The differences in the means were not significant after removing the effect 

of the covariates. Compare this to the significance values on the analysis of 

variance without the prior knowledge covariates (see Figure 4.8). Without 
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taking account of the inidividual's prior knowledge, there was a significant 

effect from method of support, and a significant interaction term. This 

would have led to the erroneous conclusion that EMS groups were less 

satisfied than manual groups; and that large EMS groups were less 

satisfied than small EMS groups. This example showed the importance of 

measuring prior knowledge and using it as a covariate with other 

dependent variables. 

Figure 4.8 Satisfaction without Prior Knowledge Covariates 

SQurtilil Q1 )lariatis2Il .as.e. .df. ~ f Sig Qf E 
Main Effects 4.057 2 2.029 2.136 .123 

AUTO/MANUAL .460 1 .460 .485 .488 
SIZE 3.564 1 3.564 3.752 .055 

2-Way Interaction 3.029 1 3.029 3.189 .077 
AUTOMAN/SIZE 3.029 1 3.029 3.189 .077 

Explained 8.588 3 2.863 3.015 .033 
Residual 105.412 111 .950 
Total 114.00 114 1.000 

Figure 4.9 shows the analysis of variance for a member's perception of his 

own participation. Although none of the differences are significant, there 

are some interesting trends. As might be expected, members of large 

groups felt they participated was less than members of small groups. It was 

encouraging that members of groups using the electronic support felt their 

participation was larger or more influential than those in manual groups. 
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Figure 4.9 ANOVA for Member Participation 

Suppport 
EM3 Manual Size Means 

Small 0.22 0.05 0.13 
Group 
Size 

Large 0.00 -0.13 -0.06 

Support 0.07 -0.07 S.D. 1.00 
Means 

SQu[Q!;l Qt ~a[ia1iQD ~ Qf. Mm; f Sig Qf E 
Main Effects 1.540 2 .770 .760 .470 

AUTO/MANUAL .563 1 .563 .555 .458 
SIZE .996 1 .996 .983 .324 

2-Way Interaction .010 1 .010 .010 .920 
AUTOMAN/SIZE .010 1 .010 .010 .920 

Explained 1.560 3 .520 .513 .674 
Residual 112.440 111 1.013 
Total 114.000 114 1.000 

The final measure of satisfaction was perceived evenness of participation 

(see Figure 4.10). There was a significant main effect due to size, with 

small groups reporting more even participation than large groups. This 

correlates with the feelings of each member in regards to their own degree 

of participation: small group members felt they participated more than 

large group members. Perception of participation did not differ due to the 

method of support. There was no significant interaction between method 

of support and group size. 



Figure 4.10 ANOVA for Evenness of Participation 

Group 
Size 

Small 

Largo 

Support 
Means 

S!::!lm,e Qt ~;;1[ialiQ[] 
Main Effects 

AUTO/MANUAL 
SIZE 

2-Way Interaction 
AUTOMAN/SIZE 

Explained 
Residual 
Total 

4.2.3 Time to Finish 

Suppport 
EMS Manual 

0.46 0.16 

-0.21 -0.09 

0.00 0.00 

.s.s.E g{ ~ 
5.569 2 2.785 

.201 1 .201 
5.394 1 5.394 
1.158 1 1.158 
1.158 1 1.158 
6.620 3 2.207 

107.380 111 .967 
114.000 114 1.000 

Size Means 

0.31 

-.015 

S.D. 1.00 

.E Sig Qt E 
2.878 .060 

.208 .650 
5.576 .020 
1.197 .276 
1.197 .276 
2.281 .083 

The time to finish may also have been significantly influenced by the 

group's prior knowledge. A subject's prior knowledge was determined by 

direct questionnaire response. However, calculating a group's prior 

knowledge was a more complex matter. Depending on the type of group 

process, there are different ways of appropriately measuring the group's 

prior knowledge. 
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The simplest measure was the sum of each members' prior knowledge. 

This made large groups twice as knowledgeable as small groups by 

summing over ten members as compared with five members in a group. 

This wasn't reasonable as the members could not combine their 

knowledge linearly. A group twice the size was not necessarily twice as 

knowledgeable. Another measure was the average prior knowledge of the 

group, formed by adding the individual scores and dividing by the number 

of members. This neutralized the doubling effect in large groups. This 

measure was also unsatisfactory, as increased group size should, 

reasonably, increase the knowledge of the group to some extent. 

How quickly the group came to the optimal solution could be influenced by 

the person most familiar with the problem. This pointed to using the 

maximum score of the group members as the group's score. However, 

when the group attempted to reach a unanimous decision, then perhaps 

the person with the least understanding most influenced the outcome. This 

suggested using the minimum familiarity score of the group members as 

the group's score. Since there was no a priori knowledge of which of these 

methods would show the greatest influence, all of these methods were 

used in a regression similar to that done for satisfaction and prior 

knowledge (see Figure 4.11). 
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Figure 4.11 Effects of Prior Knowledge on Time to Finish 

Method F Value df P Value 
Sum .96 3/9 greater than .10 
Min 1.33 1 /1 1 greater than .10 
Max 1.65 1 /1 1 greater than .10 
Average .93 3/9 greater than .10 

There was no effect due to any of the methods of calculating group prior 

knowledge on the time to finish. In Section 4.3 the time to finish will be 

broken up into its component processes. Perhaps these subprocesses 

benefit from different measures of prior knowledge, canceling each other 

in the cumulative measure of time to finish. Or perhaps the questions 

concerning prior knowledge in the questionnaire were not adequate to 

measure the subjects knowledge. Or perhaps prior knowledge did not 

speed the time to finish in this task. Additional research is needed to 

determine the influence of prior knowledge. 

Analysis of variance showed that time to finish was not subject to main 

effects of either group size or support (see Figure 4.12). Nor was there an 

interaction effect. Electronic groups took longer than manual groups. Small 

electronic groups took quite a bit more time. Although not Significant, these 

results are in the same direction as previous research showing groups 

using an EMS need more to accomplish a task. 



Figure 4.12 ANOVA for Time to Finish 

Suppport 
EMS Manual Size Means 

Small 46.00 34.00 40.00 

Group 
Size 

Large 38.25 35.50 36.88 

Support 
Means 

42.13 34.75 S.D. 12.58 

~Ql.![Qe Qf ~a[iatiQ[J ~ .d1 ~ f Sig of F 
Main Effects 256.625 2 128.313 .811 .468 

AUTO/MANUAL 214.563 1 217.563 1.374 .264 
SIZE 39.063 1 39.063 .247 .628 

2-Way Interaction 85.563 1 85.563 .540 .476 
AUTOMAN/SIZE 85.563 1 85.563 .540 .476 

Explained 342.188 3 114.063 .720 .559 
Residual 1899.750 12 158.312 
Total 2241.937 15 149.462 

4.3 Process Variables 

Besides analyzing the group outcomes to compare effectiveness, 

efficiency, and group member satisfaction, aspects of the process of the 

decision making were also analyzed. This gave insight into how the 

treatments reached their decision. It is especially useful in this 

experimental task because some of the subprocesses are conjunctive 

while others are disjunctive. These different processes require different 

group interaction, which can be differently affected by group size and 

method of support. 
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There were two ways of measuring group process: the time taken by the 

subprocesses included in the task, and the number of votes taken by the 

group to reach a unanimous decision. 

4.3.1 Time Measures of the Group Processes 

86 

Time was marked at four points during an experimental session to get 

measures of the four group subprocesses (see Figure 4.13). These 

subprocesses were: sharing the privately held profit information, 

generating a first solution, searching the solution space to find the optimal 

solution, and convincing the group to accept the solution. The first and last 

subprocesses (sharing and convincing) are conjunctive tasks. They are not 

finished until every member has finished: The middle two (generating and 

searching) are disjunctive tasks. Any member can contribute at any time, 

or not at all. 

Figure 4.13 Experimental Mark Points of Time 

j ! E X P e r I m e n t 

+ ~ ~ 
Begin Info. First Best Unanimous 

Experiment Shared Proposal Proposal Decision 

The time for these processes was measured in two ways (see Figure 4.14). 

In one, time was broken into disjoint intervals from one mark point to 
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another. In the other, all time measures were cumulative, taken from the 

beginning of the group interaction to the mark point. The advantage of first 

method was the statistical independence of the measures. However, each 

process was determined by the previous to some extent, so dividing them 

into discrete units was not necessarily a more reliable measure of these 

processes. For example, the groups did not stop searching for better 

solutions when the optimal solution was first discovered. The cumulative 

method resolved this problem, but the measures were correlated. The data 

analysis for both methods of time measure will be presented. 

Figure 4.14 Two Methods of Dividing the Time Measures 

r 
Begin 

Experiment 

Begin 
Experiment 

I 
Info. 

Shared 

..... '"10. 
Shared 

Method 1 

I I 
First Best 

Proposal Proposal 

Method 2 

"'" First 
Proposal .. Best .. Proposal 

1 
Unanimous 

Decision 

... .. 
;, 

Unanimous 
Decision 

Prior knowledge may have influenced the time taken by each process, as 
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already discussed in Section 4.2.3. Regressions were performed for each 

of these disjoint and cumulative measures (see Appendix 8.3). The 

analysis examined the same four ways to interpret prior knowledge: the 

maximum, minimum, average, and sum of the individual's prior knowledge. 

To insure significance was not found accidentally, a family level of 

significance of .10 was required, implying a minimum .025 level of 

significance for each of the four covariate measures, according to the 

80nferroni technique of multiple contrasts [Neter etal. 1986]. Using this 

strict level of significance, only one covariate was found to determine any 

of the measures: the minimum level of prior knowledge had a significant 

effect on the time to share information. 

It is difficult to understand why prior knowledge should not influence the 

solution time. As mentioned previously, perhaps the measures of prior 

knowledge were not accurate; perhaps the processes overlapped too 

much for prior knowledge to impact those processes; or perhaps the 

problem truly was not amenable to application of prior knowledge. 

Time to share information was marked when the information for all of the 

five pills was displayed for the group. As this was the first time measure, 

there is no difference between the cumulative and the disjoint measures. 

EMS groups took significantly longer to share their individual information 

than did manual groups (see Figure 4.15). There was no significant main 

effect due to size. This was not unexpected, as there were the same 
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number of pieces of information to be shared in the large groups as in the 

small groups. In the large groups the same information was given to two 

individuals. 

Figure 4.15 ANOVA for Time Until Information was Shared, with 
Covariate MINIMUM Prior Knowledge 

Suppport 
EMS Manual Size Means 

Group 
Size 

Small 

Large 

Support 
Means 

Source of Variation 
Covariates 

MIN 
Main Effects 

AUTO/MANUAL 
SIZE 

2-Way Interaction 
AUTOMAN/SIZE 

Explained 
Residual 
Total 

6.75 

3.25 

5.00 

~ 
2.410 
2.410 

28.566 
20.997 
5.929 

21.295 
21.295 
52.270 
25.730 
78.000 

g{ 
1 
1 
2 
1 
1 
1 
1 
4 
11 
15 

2.75 

3.25 

3.00 

M.S.E 
2.410 
2.410 

14.283 
20.997 

5.929 
21.295 
21.295 
13.068 
2.339 
5.200 

4.75 

3.25 

S.D. 1.53 

.E 
1.030 
1.030 
6.106 
8.977 
2.535 
9.104 
9.104 
5.587 

Sig of E 
.332 
.332 
.016 
.012 
.140 
.012 
.012 
.011 

In cases where the interaction was significant to .10, a contrast was made 

between the cell means.4 The only contrasts of interest in this research 

were the comparisons of adjacent cell mean. There were four such 

contrasts: small versus large EMS groups, small versus large manual 

4 This was accomplished using the SPSS-X ONEWAY/CONTRAST/RANGES= TUKEY. 



90 

groups, small manual groups versus small EMS groups, and large manual 

groups versus large EMS groups. The analysis examined four contrasts 

with the level of significance for the family at .10, implying a minimum .025 

level of significance for each of the contrasts. 

The small EMS groups spent significantly more time sharing information 

than the small manual groups and large EMS groups (see Figure 4.16). 

Large EMS groups did not have a similar problem sharing information. This 

supports the claim that electronic meeting systems only get in the way in 

small group processes, while helping (or not hindering) large group 

processes. 

Figure 4.16 Contrast of Cell Means for Time Until Information Shared 

Contrast Sig. 

EMS(small) vs. EMS(large) .015 
EMS(large) vs. Man.(large) 1.000 
EMS(small) vs. Man.(small) .007 
Man.(large) vs. Man.(small) .694 

The next mark point was taken when the group generated its first product 

mix proposal. This marked the point where at least one member of the 

group understood a structure for the problem and applied it to generate a 

solution. There were no main effects found for either the cumulative or 

disjoint time measures (see Figure 4.17 and 4.18). Using the cumulative 
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measure, the small EMS groups continued to lag behind the other 

treatments, but using the disjoint measure, the small EMS groups were 

faster than the small manual groups. 

Figure 4.17 ANOVA for Time Until First Proposal, Cumulative Time 

Suppport 
EMS Manual Size Means 

Small 15.50 12.00 13.75 

Group 
Size 

Large 7.75 10.25 9.00 

Support 11.63 
Means 

11.13 S.D. 6.61 

~Qu[Qe Qf ~a[iatiQD ~ d1 M.S.E f Sig Qf E 
Main Effects 91.25 2 45.625 1.044 .382 

AUTO/MANUAL 1.000 1 1.000 .023 .882 
SIZE 90.250 1 90.250 2.065 .176 

2-Way Interaction 36.000 1 36.000 .824 .382 
AUTOMAN/SIZE 36.000 1 36.000 .824 .382 

Explained 127.250 3 42.417 .970 .439 
Residual 524.500 12 43.708 
Total 651.750 15 43.450 

Using the disjoint measure, there was no difference between the manual 

and automated groups in the time to generate a first product mix. The 

large EMS groups were quite a bit faster than the other three treatments. 

Large manual groups generated a first proposal faster than the small 

manual groups. However, as there were no main effects or interaction 

effects, these can only tentatively be called trends. 



Figure 4.18 ANOVA for Time Until First Proposal, Disj0int Time 

Suppport 

Group 
Size 

Small 

Large 

Support 
Means 

Source of Variation 
Main Effects 

AUTO/MANUAL 
SIZE 

2-Way Interaction 
AUTOMAN/SIZE 

Explained 
Residual 
Total 

EMS 

8.75 

4.50 

6.63 

~ 
51.250 

9.000 
42.250 

4.000 
4.000 

55.250 
406.500 
461.750 

.df. 
2 
1 
1 
1 
1 
3 
12 
15 

Manual 

9.25 

7.00 

8.13 

~ 
25.625 

9.000 
42.250 

4.000 
4.000 

18.418 
33.875 
30.783 

E 
.756 
.266 

1.247 
.118 
.118 
.544 

Size Means 

9.00 

5.75 

S.D. 5.82 

Sig of E 
.490 
.616 
.286 
.737 
.737 
.662 

The next time measure was marked at the first public mention of the 

optimal product mix the correct profit, accompanied by the correct profit 

calculation.5 This mark point measured how long it took the group to 

generate the best solution.The groups recognized the product mix 

generated the largest profit so far, but only a few members knew how to 

determine if it was the optimal profit for the problem. Therefore, the task 

was not finished at this point. 
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5 Without the correct profit associated with the mix, there was no reason to choose it 
over any other mix. If the group had incorrectly calculated a profit higher than the 
optimal profit, they were warned to check their figures. 



93 

Using the cumulative measure, there was a significant difference in the 

time to optimal product mix between the large and small groups, with large 

groups significantly faster than small groups (see Figure 4.19). However, 

there was no significant difference found in the disjoint measure (see 

Figure 4.20). Examination of the cell values showed the small EMS groups 

took quite a lot of time to find the optimal solution, while there was not much 

difference between the other groups. This further supports the belief that 

electronic support systems are not as useful in small group situations and 

even impair the group's functioning. 

Figure 4.19 ANOVA for Time to Optimal Proposal, Cumulative Time 

Suppport 
EMS Manual Size Means 

Small 32.50 17.25 24.88 
Group 
Size 

Large 13.25 15.25 14.25 

Support 
22.88 16.25 S.D. 9.08 

Means 

SQIJ[Q~ Qf ~g[iatiQI] .s.s..e. .d1 M.S..E f Sig Qf E 
Main Effects 627.125 2 313.563 3.804 .053 

AUTO/MANUAL 175.563 1 175.563 2.130 .170 
SIZE 451.563 1 451.563 5.478 .037 

2-Way Interaction 297.563 1 297.563 3.610 .082 
AUTOMAN/SIZE 297.563 1 297.563 3.610 .082 

Explained 924.688 3 308.229 3.739 .042 
Residual 989.250 12 82.437 
Total 1913.937 15 127.596 
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Figure 4.20 ANOVA for Time to Optimal Proposal. Disjoint Time 

Suppport 
EMS Manual Size Means 

Small 17.00 5.25 11.13 

Group 
Size 

Large 5.50 5.00 5.25 

Support 11.25 
Means 

5.13 S.D. 7.02 

SQU~fl Qi Va[iali!:!D .s.s.f. .d1 ~ E Sig Qt E 
Main Effects 288.125 2 144.063 2.921 .093 

AUTO/MANUAL 150.063 1 150.063 3.043 .107 
SIZE 138.063 1 138.063 2.800 .120 

2-Way Interaction 126.563 1 126.563 2.567 .135 
AUTOMAN/SIZE 126.563 1 126.563 2.567 .135 

Explained 414.688 3 138.229 2.803 .085 
Residual 591.750 12 49.312 
Total 1006.437 15 67.096 

Cumulatively, the small EMS groups took significantly more time up to this 

point than the other groups, however, they were not significantly slower in 

this one subprocess. 

The last mark point was the unanimous decision of the group. This marked 

the culmination of the task. As a cumulative measure, it recorded the total 

time taken by the group to go through the problem solving process. This 
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was reported in Section 4.2.3. As a disjoint measure taken from the first 

mention of the optimal proposal, it recorded the time taken by the group 

members to convince one another, or themselves, that this was the 

optimum (or "good enough") product mix. As previously mentioned, not all 

members recognized the optimal solution for the problem, as opposed to 

the ''the best so far.n This measure included time spent in both discussion 

and voting. 

Figure 4.21 ANOVA for Time to Convince, Disjoint Time 

Suppport 
EMS Manual Size Means 

Small 13.50 16.75 15.13 

Group 
Size 

Large 25.00 20.25 22.63 

Support 
Means 

19.25 18.50 S.D. 10.02 

~QlJ[Qe Qt ~a[latIQ[] ~ d1 M.S.E .E ~ig Qt E 
Main Effects 227.250 2 113.625 1.132 .355 

AUTO/MANUAL 2.250 1 2.250 .022 .883 
SIZE 225.000 1 225.000 2.242 .160 

2-Way Interaction 64.000 1 64.000 .638 .440 
AUTOMAN/SIZE 64.000 1 64.000 .638 .440 

Explained 291.250 3 97.083 .967 .440 
Residual 1204.500 12 10.375 
Total 1495.750 15 99.717 
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The disjoint measure of the time taken to convince the group to choose the 

current decision (Figure 4.21) shows the extra time taken by the large EMS 

groups. The small EMS groups were the fastest treatment, however this 

may also have been in response to time pressure as two of these groups 

neared the 60 minute time limit (average total time for small EMS groups: 

46 minutes). There was no significant main effect due to size. Electronic 

groups and the manual groups needed the same amount of time to 

convince their members to accept a choice. Given the differences in the 

method of voting between electronic and manual groups (discussed in 

section 4.4.4), this is a surprising result. Perhaps this reflects the two 

processes within this time measure. In the first part, all members were 

actively looking for solutions, while toward the end of the time, the majority 

were trying to convince the hold-outs. 

4.3.2 Number of Votes 

There were strong main effects from both group size and method of 

support on the number of votes needed to reach consensus (Figure 4.22). 

Large groups needed more votes to come to consensus than small groups; 

electronically supported groups needed more votes than manual groups. 

In the small manual groups, no group took more than one vote. In the small 

automated groups, only one out of the four groups took more than one 

vote. Often, these groups had come to consensus before any ballot was 



taken, and had addressed their members' questions or concerns before 

calling for a vote. Small groups had fewer people's opinions to consider. 

Dissenters may have felt too conspicuous in the small groups to hold out 

when the rest of the group was ready to choose one decision. 

Figure 4.22 ANOVA for Number of Votes Taken 

Suppport 
EMS Manual Size Means 

Small 1.25 1.00 1.13 

Group 
Size 

Large 6.75 1.75 4.25 

Support 
4.00 1.39 S.D. 1.92 

Means 

SQUr.c~ Qf ~ariatiQ[] ~ .at. MS.E. f Sig Qf E 
Main Effects 66.25 2 33.313 9.034 .004 

AUTO/MANUAL 27.563 1 27.563 7.475 .018 
SIZE 39.063 1 39.063 10.593 .007 

2-Way Interaction 22.563 1 22.563 6.119 .029 
AUTOMAN/SIZE 22.563 1 22.563 6.119 .029 

Explained 89.188 3 29.729 8.062 .003 
Residual 44.250 12 3.687 
Total 133.437 15 8.896 
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Large groups used the balloting process as a way to come to consensus. A 

vote was often called once a majority of the group was satisfied with a 

solution. Then the voting process was used to browbeat the remaining 

members of the group into accepting the majority opinion. Votes were 

frequently taken only minutes apart, allowing no time to persuade the hold 



98 

outs to accept the majority's choice. 

The electronic version of calling for a vote was less costly to the caller 

because it was anonymous and implemented immediately. Anyone 

person could call for a vote at any time and every member of the group was 

automatically forced to vote. In the manual groups, the group controlled the 

balloting process as every member had to agree to cast their vote. Both 

manual and electronic groups often discussed whether to call for a vote; 

however, it was easier for one person to impose his will on the group in the 

electronically supported sessions. This resulted in more votes being called 

in the electronic meetings. 

The interaction term for number of votes was significant, and a contrast 

was performed (see Figure 4.23). The large EMS groups, having a less 

costly voting mechanism and more opinions to integrate, called for almost 

four times as many votes as the other treatment groups. In the 

researcher's observations, it seemed more pressure was brought to bear 

Figure 4.23 Contrast of Cell Means for Number of Votes 

Contrast 
EMS{small) vs. EMS{large) 

51g. 
.002 

EMS{large) vs. Man.{large) .003 
EMS{small) vs. Man.{small) .857 
Man.{large) vs. Man.{small) .591 
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on the hold outs in the automated groups, with the mdjority becoming 

sarcastic and even threatening in one case. The hold outs were not easily 

brought to compliance: three of the four large EMS groups required seven 

or more votes to gain a unanimous decision. 

4.4 Discussion 

This research was significantly different from previous electronic meeting 

system research. It used a different task type, different decision rules and 

different implementation of those decision rules. It is difficult to draw 

conclusions vis a vis other electronic support experimental results. 

4.4.1 Meaning of the ANOVA Tests 

Many of the findings showed no significant difference between the means 

of the four treatments. This does not necessarily imply that the means were 

actually the same, or that these samples were drawn from the same 

population. The large standard deviation in the dependent measures may 

have meant there was too much "noise" to differentiate between means 

which were truly different. Power analysis is inappropriate in these 

analyses because there is no quantitative alternative hypothesis. Power 

figures are dependent upon the assumption of an alternative hypothesis 

which can be specified. In this case, the alternative hypothesis was that the 

means were not equal. We do not hypothesize that the true underlying 

mean of the population is equal to the mean of our sample. While possible 

trends were pointed Qut, we can not discuss with any confidence whether 
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some of these means are probably the same or probably different. 

It is useful to identify the possible causes of the large variation within the 

treatments. This allows other researchers to avoid similar problems and to 

get better statistical power from their research. These possible causes 

have been identified: 1) A small number of replications in each cell. More 

trials in each treatment would also create more confidence in the 

outcomes. 2) The subjects came from a very large class pool, covering 

three undergraduate courses. It is possible that these class groups had 

different backgrounds and prior knowledge. 3) The decision making 

process was very unstructured, allowing each group to progress through 

the stages at widely different rates. 4) The incentive structure was not 

constant across subjects or groups. This will be discussed in more detail in 

Section 4.4.6 

4.4.2 Interaction of Task Type and Method of Support. 

Idea generation tasks are disjunctive tasks, making use of the parallel 

processing functionality possible with electronic meeting systems, thus 

increasing the efficiency of the group. Conjunctive tasks can not make use 

of parallel processing and must rely on other functionality in an electronic 

meeting system to make them more efficient or effective. The task used in 

this research was made up of both disjunctive processes and conjunctive 

processes. 
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The disjunctive processes (the time taken by the group to generate a first 

proposal, and the time to find the optimal proposal) permit the best 

member of the group to determine the group outcome. They were also 

idea generation tasks. The benefit of electronic meeting support should 

have been the greatest in the disjunctive tasks. Large groups should have 

also done better than small groups because there was a higher probability 

of having a member capable of solving the problem. Theoretically, large 

EMS groups should have been the fastest groups; the small EMS groups 

and the large manual groups should have competed for second; the small 

manual groups should have been the slowest. 

In the disjunctive tasks, the large EMS groups were the fastest, and the 

large manual groups were second (see Figure 4.24). The small EMS 

groups, however, were in last place. Large groups were significantly faster 

on the disjunctive tasks, as predicted. There was no significant difference 

between manual groups and electronic groups. Small EMS groups were 

quite a bit slower than the other groups. Although the interaction term was 

not significant, this result should be further investigated. If it is replicated 

using other disjunctive tasks and EMS systems, EMS developers would be 

well advised to concentrate efforts on software to support large groups. 

The conjunctive tasks (the time to share information and the time to 

convince all members) require every member of the group to accomplish 

the task. Theoretically, large groups should be at a disadvantage in these 



Figure 4.24 Time Measures for Disjunctive Tasks 

Time Measure 
Time to First 

Time to Optimal 
Total: 

Group 
Size 

Small 

Large 

Support 
Means 

~Ql.!rQ!;! Qf VS}ri~tiQn 
Main Effects 

AUTO/MANUAL 
SIZE 

2-Way Interaction 
AUTOMAN/SIZE 

Explained 
Residual 
Total 

Sm. EMS / Lg. EMS / Sm. Man. A..g. Man. 
8.75 4.50 9.25 7.00 

17.00 5.50 5.25 5.00 

25.75 

EMS 

25.75 

10.00 

17.88 

10.00 14.50 

Suppport 
Manual 

14.50 

12.00 

13.25 

12.00 

Size Means 

20.13 

11.00 

S.D. 9.00 

§§.g Q! MSE f ~ig Qf F 
418.625 2 209.313 2.585 .117 

85.563 1 85.563 1.057 .324 
·333.063 1 333.063 4.113 .065 
175.563 1 175.563 2.168 .167 
175.563 1 175.563 2.168 .167 
597.188 3 198.063 2.446 .114 
971.750 12 80.979 

1565.937 15 104.396 
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processes because of the higher probability of having a very slow member. 

The two large group treatments were slower than either of the two small 

groups in the conjunctive tasks (see Figure 4.25), although this result was 

not significant. 

While the conjunctive tasks could not make use of the parallel processing 

in the EMS system, it was unclear whether the EMS would help or hinder 
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the process. Again, future research with other conjunctive tasks and EMS 

systems is needed to show whether electronic meeting systems can 

improve the process in both task types. 

Figure 4.25 Time Measures for Conjunctive Tasks 
Time Measure Sm. EMS I Lg. EMS I Sm. Man. I Lg. Man. 
Time to Share 6.75 3.25 2.75 3.25 
Time to Convince 13.50 25.00 16.75 20.25 

Total: 20.25 28.25 19.50 23.50 

Group 
Size 

Small 

Large 

Support 
Means 

~Qu[Qe QI ~a[iatiQ[J 
Main Effects 

AUTO/MANUAL 
SIZE 

2-Way Interaction 
AUTOMAN/SIZE 

Explained 
Residual 
Total 

EMS 

.20.25 

28.25 

24.25 

~ 
174.250 

30.250 
144.000 

16.000 
16.000 

190.250 
1307.500 
1497.750 

4.4.3 Software Functionality 

Suppport 
Manual 

19.50 

23.50 

21.50 

tit M§.f 
2 87.125 
1 30.250 
1 144.000 
1 16.000 
1 16.000 
3 63.417 
12 108.958 
15 99.850 

Size Means 

19.88 

25.88 

S.D. 9.00 

f ~ig Qt E 
.800 .472 
.278 .608 

1.322 .273 
.147 .708 
.147 .708 
.582 .638 

The design of the software did not provide "value added" functioning. The 
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EMS process was as similar as possible to the manual process for better 

comparison. Both types of groups were able to record information, to 

exchange public information and suggestions, and to work as individuals. 

The main problem in the large EMS groups appeared to be the 

accumulation of written data in the discussion file. Large EMS groups 

frequently had to stop typing to read through the several screens-worth of 

information generated by the group members. One such group generated 

thirty-eight screens of information in thirty minutes. In comments after the 

experiment, several subjects complained about having to scroll through 

too much unnecessary information to find the pieces they were interested 

in. This was true even though the groups were very task-oriented and did 

not input many irrelevant comments. This lack of functionality may have 

decreased user satisfaction. The satisfaction questionnaire did not 

differentiate user satisfaction with the hardware and software from user 

satisfaction with the process. The factor analysis grouped both types of 

questions into the single category of general member satisfaction. 

Providing a search capability would alleviate the problem of information 

overload, but a better solution would overlay some organization onto the 

information after it was created. In its simplest form, this might entail 

creating multiple files and windows, allowing individuals "cut and paste" 

from one file into another. Useful information could be separated from 

information which was obsolete, incorrect, or unnecessary. A more 
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sophisticated implementation could create hypertext-type connections 

between pieces of information. Important and useful information could be 

linked for easier access and recall. 

4.4.4 Unanimity in Manual and Electronic Groups 

Much of the literature in electronic meeting systems used consensus as 

the decision rule without describing what consensus meant or how it was 

applied in a group. Our research controlled this variable by equating 

consensus with a unanimous decision implemented with anonymous 

voting. 

Comparison of the time to convince showed no significant differences 

between the treatments. From observations made by the researcher 

during the sessions, it was clear the electronic group convincing process 

were very different from the manual group process. Manual groups 

discussed their opinions more, and took informal verbal straw votes to gain 

consensus before any formal ballot was taken. Never were more than two 

votes taken in the manual groups. The electronic groups often made 

similar tests of consensus in the discussion file, such as "I think we should 

go with $2000. Agreed?" But once there seemed to be a majority 

agreement, electronic group members tried to force the minority to 

concede through repeated balloting. There were few attempts to convince 

the dissenting minority through explanation or rational justification. 
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Although balloting was anonymous in both the manual and electronic 

groups, the dissenters in manual groups seemed less determined. In one 

manual group, the lone dissenter wrote on his second ballot "Agree. Just 

take the thingl" He was not convinced apparently, but did not wish to 

continue to dissent. Greater anonymity in the EMS groups may have 

contributed to the increase in the balloting in the electronic groups. The 

manual groups were more closely gathered around the table, making it 

more difficult to maintain anonymity. One large electronic group, which had 

gone through ten rounds of voting, began a mutiny against the anonymity 

feature of voting by recording their votes in the discussion file where their 

names were attached to their comments. When only two people had yet to 

declare, another vote was called and this time there was unanimity. The 

threat of disclosure was enough to stop dissent. 

All groups included in the data analysis achieved an unanimous decision. 

One group which participated in the experiment did not achieve an 

unanimous decision before the end of the session. For reasons explained 

below, this group was not included in the analysis. This group served as an 

example of the power given to the minority by the unanimous decision, and 

is discussed in detail. 

This large group using the EMS had two foreign student members who 

were not fluent in the English language. They added virtually no comments 

to the discussion (one wrote one comment, the other wrote two 
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comments}. Twenty-three minutes passed before they had shared their 

information with the group. After fifty-five minutes and multiple ballots, the 

researcher announced that five minutes remained. The next vote was nine 

to accept, one to continue. This happened two more times. The written 

instructions clearly indicated there was no payoff beyond the show up fee if 

the group did not reach a unanimous decision. Before the group's last vote, 

the researcher repeated these directions orally to the whole group. The 

last vote was still nine in favor, one opposed. Although there was no way to 

definitely identify the dissenter, the other eight students were grumbling 

that "someone didn't understand what was going on." It was unclear 

whether the misunderstanding arose from the instructions or the software. 

Because of the severity of the misunderstanding, this group was deemed 

an outlier and removed from the data analysis. After this experience more 

care was taken to screen participants for English language ability. 

This example demonstrated the ability of the unanimous vote to give power 

to the under-informed or obstructionist. If the group had been using a 

majority vote, every member of the group would have collected the 

maximum payoff. One person was able to change the outcome for the 

entire group. 

The voting process is not well understood in electronic meeting systems. 

This research has shown that there are substantial differences created in 

the group process when anonymous electronic voting is used instead of an 
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anonymous manual vote. This was shown objectively in the number of 

votes called, as well as subjectively reported in the differences in tone in 

the electronic and manual groups. Further research should be conducted 

to determine the appropriate uses for electronic voting, and the effect of 

anonymous or non-anonymous votes. 

4.4.5 Leadership 

While no formal measurement of leadership was attempted, observations 

were made of leadership behavior. Two types of leadership were 

discerned. First, leadership was inferred from the number of statements 

made by any person. Any person making noticeably more comments for a 

length of time was considered a "vocal." A group could have more than one 

vocal person. Second, a leadership role was conferred on the person who 

suggested the optimal solution. This person was called a "solver." The 

solver was unique in the group. 

Some groups did not develop vocal leaders at all. These gtoups worked 

individually and rarely shared their ideas with others, except if they found a 

proposal better than the current standing proposal. In these groups the 

"solver" seemed to find the optimal solution by accident. These groups 

appeared to tire of generating product mixes and chose the standing 

solution without conviction it was the optimum. 

Vocals were not necessarily a positive or negative force in the group. 
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Several vocals led their groups off in the wrong direction, suggesting 

incorrect schemes for comparing pill profits. Thus, not all vocals were 

solvers. Solvers were a positive force, if only for being the first to suggest 

the optimal solution, giving the group a standard for rating other solutions. 

The solvers did not always make more statements than the average 

member. Thus, not all solvers were vocal. 

In cases where the solver was also vocal, the group did not always benefit 

from his efforts. The group accepted improved product mix solutions from 

every member of the group, but largely wanted to convince themselves 

that there was no better answer. This was true even in cases where the 

solver had analytically determined the solution and tried to explain it to the 

group. The explanations of the solvers varied in coherence and persuasive 

ability. More of the explanations made in manual settings were complete 

and convincing, however both modes had good and bad explanations. 

Not all members were willing to accept any systematic explanation. These 

people wanted to continue to generate new solutions and test them against 

the current maximum profit. These doubting-Thomases gave rationale 

such as "I have to payoff my American Express bill," or simply "I just want 

to try a few more." This was not influenced by the treatments and seemed 

to occur equally in electronic and manual groups, large and small groups. 

4.4.6 Incentive Structure 
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The longer the group took to make a decision, the less their payoff per unit 

time. Not all groups seemed to realize this basic fact, nor did individuals 

always care even after it was pointed out to them. Some members began 

to get frustrated after a relatively short amount of time spent searching and 

pointed out (correctly) that the group had spent ten minutes increasing 

their payoff by ten cents. For several subjects there seemed to be a 

maximum time they were willing to participate even if they were being paid 

to sit longer and search for solutions. Others were content to let other 

members of the group continue to search while lowering their own costs by 

ceasing to work. 

Different subjects placed different value on the money they were to receive. 

This problem was aggravated by the fact that subjects could change the 

rate of return by shortening the time they spent in earning it, or by 

lessening the effort expended to earn it. To some students, the hourly rate 

was the incentive mechanism, to others the final payoff was the incentive. 

There were also some subjects who expressed a strong desire to "get the 

right answer," and were quite disappointed that it was not disclosed at the 

end of the session. The incentive to pursue the task was not constant 

across all subjects. 

This difference in incentives created different approaches to solving the 

task. Subjects concerned with the hourly rate were intent on getting an 

acceptable solution quickly, then leaving. Subjects concerned with the final 



payoff were looking for the best solution no matter how long it took. This 

emphasizes the need for controlling the subject incentive in an 

experimental task. More research is needed in the area of applying an 

incentive mechanism which evenly influences all subjects. 
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While the incentive mechanism used in this research did not guarantee 

that all members used the same strategy, it did increase the time expended 

on the task. The pilot study groups, which received no payoff, took at most 

forty minutes to reach an unanimous decision. One group took nine 

minutes. Seven of the sixteen of the groups in the actual paid experiments 

took more than forty minutes, two were forced to choose a solution rather 

than to run out of time. No group took less than twenty minutes. 

The researcher did not correctly anticipate the length of time spent on the 

task. The time limit of 60 minutes was chosen to be well outside the 40 

minutes the pilot groups took to solve the task. It was primarily a way of 

scheduling the groups, rather than any attempt to force the groups to 

reach a conclusion. This unintentional limit may have reduced the 

difference between treatments by compressing the time scores. It may also 

have changed the relative proportions of time spent by groups in the four 

subprocesses. The small electronic groups may have taken less time in the 

convincing process because they were running out of time, not because of 

any inherent differences. This can only be determined by further 

experimentation. 
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CHAPTER 5. CONCLUSIONS 

5.1 Introduction 

Our research has brought more control to the experimental environment in 

electronic meeting systems. This strongly structured environment is 

responsible for both the strengths and weaknesses of this study. This 

chapter summarizes the findings of the research, explore its strengths and 

limitations, and discusses areas for future research. 

5.2 Research Findings 

In comparing small and large groups in electronic and manual settings, we 

found no support for improved effectiveness, efficiency, or member 

satisfaction due to the use of the electronic meeting support system or 

increased group size. These r.esults may apply only to the specific 

configuration of hardware, software, task and group characteristics found 

in our study. 

Groups were found to have higher decision quality than individuals. There 

were no differences decision quality between large and small groups, or 

between electronic and manual groups. This may have been due to the 

simplicity of the task. 

A group member's prior knowledge significantly influenced his satisfaction 

with the process and outcome. When this variable was used as a covariate 

in the analysis of variance in member satisfaction, there was no significant 
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in the analysis of variance in member satisfaction, there was no significant 

difference between electronic groups and manual groups. Without the 

covariate, a significant difference was found between those groups. 

Researchers who do not attempt to measure the subject's prior knowledge 

of the task, and use it in the analysis of of subject satisfaction, may be 

reporting inflated results. 

Individuals took significantly more time to finish the problem than did 

groups. There was no significant difference between manual and 

electronic groups. Small electronic groups took significantly more time than 

the other treatments to share information, and to generate the optimal 

solution. 

Members of different treatment groups did not differ significantly in their 

impressions of their own influence in the group. Members of large groups 

perceived participation as more uneven in their groups than did small 

groups members. 

Voting was used significantly more often in the electronic groups than in the 

manual groups. Large groups took significantly more votes than small 

groups. Large electronic groups took significantly more votes than the 

other treatments. Consensus, as described by previous researchers in 

electronic meeting systems, appeared to be different from unanimity as 

measured by anonymous vote, especially in the electronic groups. 



Electronic meeting groups often use anonymous voting in their group 

process. More research is necessary to understand the effects of such 

voting. 
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Large groups were significantly more efficient at the disjunctive tasks than 

the small groups. There was no significant difference in time needed for 

conjunctive tasks between electronic and manual groups or large and 

small groups. 

Task interaction with the method of support may be one of the most 

important areas for future research in increasing the efficiency and 

effectiveness of groups. Electronic meeting systems seem to speed the 

process in disjunctive tasks more than in conjunctive tasks. Until tools are 

developed to better address the needs of conjunctive tasks, EMS are 

better applied in disjunctive tasks. These include idea generation, opinion 

gathering, and dispersion of information. 

5.3 Strengths, Limitations, and Assumptions 

Laboratory work permits the researcher to manipulate independent 

variables more exactly, and to know the resulting effect is due to changes 

in these variables, rather than to general environmental differences. By 

combining structured laboratory research with case and field studies, a 

more complete picture is developed of the tasks and groups which most 



benefit from the· use of electronic meeting systems. This research 

controlled several of the variables believed to affect the group decision 

process. 
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All laboratory experiments share a common lack of external validity. For a 

tightly controlled experimental environment, this is especially true. The 

groups are composed randomly and the task has boundaries and can be 

completely specified. Business groups generally do not make decision$ 

under these conditions. Similarly, an ad-hoc, one-shot experiment is clearly 

not the same as a standing group using the tools on one problem over 

time. Satisfaction results may reflect unfamiliarity with the hardware and 

software. 

Our research task was a decision-making, optimization task. There are 

many other meeting situations where an electronic meeting system may be 

used. Idea generation and gathering or disseminating information are 

disjunctive tasks which do not require the group to closely interact. These 

tasks can make better use of the parallel processing functionality in 

electronic meeting systems. Disjunctive tasks may also show more gains 

from larger group size than the conjunctive task used in this research. 

The task was easy, with a limited number of specified outcomes. There 

were no differences between the large and small, electronic and manual 

groups, as all groups achieved the optimal solution. This made it 
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impossible to differentiate between the groups on the basis of decision 

quality. A harder task may have caused a larger range in both the quality 

and efficiency of the treatments. 

The task incentive structure may not have been salient. The payoff did not 

seem to be the sole motivation in all the subjects. In some cases, the time 

factor clearly outweighed the amount of money payoff; in other cases, the 

intellectual desire to find the correct solution seemed to be more salient to 

some members than the payoff. The gradient for the profit function was 

possibly too flat: the subjects could earn only 10 or 20 cents more for the 

optimal solution than for one of several suboptimal solutions. This may 

have decreased the amount of time spent in searching for a solution. 

Ten member groups served as an instance of large group size in this 

research. Possibly, a larger group would have shown more significant 

differences from the small groups. 

The outcomes found !n this study may be limited to tools with the same 

structure as the Electronic Discussion System (EDS). The experiment 

used only one tool, as opposed to the progression of tools often employed 

in actual business meetings using electronic meeting systems. 

The EDS software did not impose a problem solving structure. Addition of 

structure is posited one benefit of electronic meeting systems. Tools such 
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as the Stakeholder Identification and Analysis tool [A. Easton, 1989] 

provide a set of steps to guide the group through the phases of discussion 

and decision making. The Electronic Discussion System is a 

communication system, not a group technique. This may have limited the 

potential gain from use of the EMS. 

The scope of this research is also limited by the particular decision rule 

used. Research has shown that decision rules do have an effect on group 

outcome. These results can only be applied to groups using consensus 

decision making. 

Future research must improve measures of prior knowledge. This 

research did include such measures and used them in the analysis, 

however, the measures were inexact and incomplete. 

5.4 Contributions of this Research 

The identification of the relationship between task and support is an 

important contribution to the development and study of electronic meeting 

systems. Parallel processing is one of the benefits of an electronic meeting 

systems. Disjunctive tasks, where the group does not have to work closely 

together, can take advantage of this functionality. Conjunctive tasks, where 

the group must absorb and organize information, cannot make use of 

parallel processing, and do not benefit that capability. 
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Some suggestions can be made for future design of electronic meeting 

systems. Groups create a huge amouni of written information that needs to 

organized in some way. The ability to tag and store important information 

would be useful to the users. This structure could be dynamically created 

using hypertext-like links. This would provide the greatest organizational 

flexibility to the participants. In divisible tasks, the EMS could be used to 

partition the large group into subgroups may also alleviate this problem of 

written overload.' 

Another contribution of this research was the introduction of tighter control 

in the EMS laboratory and the development of a model that allows the 

manipulation of precise independent variables. These ideas can benefit 

the EMS experimental community. Controlling these variables may 

eliminate some of the unexplained variability in results. Better specification 

of incentives, decision rule, and prior knowledge will permit better 

comparisons between experiments. 

This research has also brought efficiency and effectiveness back to the 

cost/benefit equation in the comparison of electronic meeting systems and 

manual systems. User testimonials of satisfaction, while important, are not 

enough to recommend any new investment. This research has stressed 

the importance of developing useful measures of effectiveness for 

, Electronic Discussion System has the ability to create separate groups. Communication is 
permitted between a group's own members and between separate groups. However, for the 
reasons just described, this capability was not used in this research. 
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quantifiable comparison between manual groups and electronic groups. 

5.5 Future Research 

The conceptual model of group process developed for this research has 

several avenues for future research. Each of the five independent 

variables (group size, incentive mechanism, decision rule, information 

distribution, and task complexity) can be varied within the same task 

setting. The results could then be compared to the results reported here. 

Several experiments lead logically from this beginning investigation of the 

research program. In the research reported here, the groups cooperated 

and shared information and ideas. If the incentives were set so as to create 

a competitive environment, how would this affect the outcome? A 

competitive environment would be more characteristic of a business 

group, where individuals have private goals not necessarily in complete 

alignment with corporate goals. A private reward system could be created 

by rewarding individuals based on the amount of their pill represented in 

the final product mix, rather than the amount of profit generated by the 

product mix. Would the group still choose the outcome that maximized the 

group payoff? Would the electronic environment be seen as a help or a 

hindrance in the process of negotiation? Would the group share their 

information completely? All of these are questions are of interest in 

determining the effect of electronic meeting support on group process and 

outcomes in competitive environments. 
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To test the proposed interaction between task and support, it would be 

useful to develop purely conjunctive and disjunctive tasks, subjected to the 

same control as the task used in this research. Disjunctive tasks have been 

used in electronic meeting system experiments; however, those 

experiments differ in their control of the other dimensions of our model of 

group decision making. 

Another interesting variation on this research task would be to elect one of 

the members of the group to the position of "corporate executive." The 

CEO would collect information and make the final decision on the group 

outcome. This is similar to the business environment where subordinates 

provide information to decision makers who are responsible for the 

decision. Would this process be more efficient? Would it be just as 

effective? Would satisfaction of the members increase due to a lessening 

of the dissent found under unanimous decision; or would it decrease due to 

a lessening of participation in the group's decision? Would commitment be 

decreased in this hierarchical organization? 

5.6 Conclusions 

This research has developed a conceptual model of variables influencing 

group decision making. This model clearly specifies variables which can be 

manipulated in an experimental setting. A task was developed to permit 

manipulation of those variables, and to create quantified measures of 
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decision effectiveness and efficiency. Group member satisfaction, another 

important variable in justifying the use of any system, was also measured. 

The results of this study help to further define the taxonomy of the tasks 

and groups which can benefit from the use of an electronic meeting 

system. 
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APPENDIX A. EXPERIMENTAL MATERIALS 

A.1 Introduction Materials 
A.1.1 Researcher's Check-list, Electronic Sessions 

1 . Previous to starting the session 
a. Fill out the sign-in sheet. 
b. Turn on machines. 
c. Make sure there are paper and pencils. 

2. Software Part: 
a. any directory, type GO 
b. from the miscellaneous menu, remote keyboard 

1. F7 to get remote typing: GETPROG (brings all users to logo screen) 
2. F9 to scan, be sure all are at logo screen. 
3. If not, easiest to exit them manually and GETPROG again 

c. MAW experiment menu 
1 . start users, only start the ones you really have 
2. start facilitator 

i. ID - public 
ii. proposal and comment ON, everything else off 
iii. 1 people to call vote 
iv. Seed the ballot file "I do not support of the current 

proposals. I want to contine discussion." 
v. Seed the comment file "Your task is to generate the most 

profit for the company." 
c. start the program 

4. Facilitating 
a. Read the EDS instructions and give them at least one vote 

practice on the movie problem. 
b. When finished with example, must reboot everything from scratch. 
c. Use F9 to view voting results, terminate on unanimous vote. 
d. When there is 5 min left, if no vote, interrupt with "In 5 

minutes, your 60 minutes will have expired. You will receive 
no money if you do not reach a unanimous decision by that time." 

e. If still no vote, use F9 to force voting and terminate the program. 
f. Alt F9 to finally exit. 
g. Check the proposal to be sure it fits the rules. Write down the 

payout on the form. 

5. Ending the session 



a. Have everyone fill out the questionnaire. 

b. Pay the subjects, have them sign their name. 
b. Generate the ascii files: cd uazlpublic/maw Iistfile.1 
c. Copy the files onto your disk. There will be a listfile.* for every 

group started. 

7. Shut down room 
a. Release all users to C: 
b. monitors off 
d. slam doors tight 
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A.1 Introduction Materials 
A.1.2 Researcher's Check-list, Manual Sessions 

1. Previous to starting the session 
a. Fill out the sign-in sheet. 
b. Make sure there is paper for the flipchart. 
e. Make sure there are paper and pencils. 

2. Meet students by the elevator. Take them quickly to the room. 
Close the door. 

4. Facilitating 
a. Read the Manual voting instructions and give them at least one 

vote practice on the movie problem. 
d. When there is 5 min left, if no vote, interrupt with "In 5 minutes, 
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your 60 minutes will have expired. You will receive no money if you 
do not reach a unanimous decision by that time." 

g. Check the proposal to be sure it fits the rules. Write down the 
payout, on the form. 

5. Ending the session 
a. Have everyone fill out the questionnaire. 
b. Pay the subjects, have them sign their name, ask them to move out 

to the elevator to wait for others. 

7. Shut down room 
d. close door 
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A.1 Introduction Materials 
A.1.3 Electronic Introduction and Warmup Exercise 

EDS instructions 

Please do not start typing until I tell you. I will explain the function of the 
software, the areas of the screen, the keys you will use, etc. As I am 
explaining we will work with a simple example problem -- choosing the best 
movie released in 1988. Please ask questions as I go along in my 
discussion. The first thing you should do is enter your name. Your name will 
be attached to the remarks you type into the computer. The remarks you 
make will be confidential outside of this experiment. They are only 
recorded to allow yo~ to tell who is making a comment. 

Most of the information I will be telling you is summarized in the EDS keys 
sheet I have given you. This software tool is designed to allow many people 
to enter typed information into a single file which will show on the screen. 
There are 3 files which you will use during this experiment; they are the 
Discussion file (where you enter comments), the Ballot file (where you 
vote), and the Information file (which shows the results of the ballots). 
Group members will enter comments and proposals into Discussion file. If 
there have been some proposals entered, then it is possible to signal for a 
vote. This takes all the members of the group into the Ballot file, where they 
vote for one proposal from the list. The results of the voting is shown in the 
Information file. Then they may return to entering comments and proposals 
into the Discussion file, and so continue the cycle of enter, vote, view 
results. 

Let's look at the screen. The blue area is where all the information entered 
by your group will be shown. They will be identified by your name, and will 
be shown in white or in blue. You can see a number there in pink. Anything 
shown in pink is from me. 

Below that you can see the number of entries in the file so far: 1. This will be 
updated constantly. The designations of Group 1 and File 1 mean 
nothingin this experiment. The keys for moving about the Discussion file 
are the PgUp and PgDn move you a screen's worth up or down the file. 
Home and End move to the beginning and the end of the file, respectively. 
You will need to use these keys to view the new information which has been 
entered into the bottom of the Discussion file, and to view the old 
information which has scrolled off the screen at the top of the file. With the 
Scroll ON (F7 key), the program keeps you at the end of the file, showing 
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new comments as they come into the Discussion file. 

However, this is turned off by the voting program, and when you use the 
HOME or END key. You may turn it back on or you may just use the PgUp, 
PgDn keys. 

The black area is your space for entering information. In this experiment 
there will be two types of information: comments and proposals. The 
purpose of having two types of statements is that comments can be used 
for entering information, discussing the problem, or disagreeing with 
another comment. A proposal is to bring up a statement for a vote. In our 
example of choosing the best movie, someone might comment "I thought 
'A Fish Called Wanda' was really funny." Some one else might comment 
"The plot was better in 'Crocodile Dundee"'. A third person might enter a 
proposal "The best movie was Working Girl". Only the third statement 
would be voted on. 

[QUESTIONS? REPEAT IDEA.] 

You will make a statement into a comment or proposal AFTER you have 
typed it in by choosing the appropriate function key and pressing it. These 
function keys are listed at the bottom of your screen. F2 will make your 
statement a comment, F4 will make it a proposal. After you press either the 
F2 or the F4 key, you will see your comment appear in the top part of your 
screen, coded by color. Comment information is shown in white, proposals 
are shown in blue. There may also be other people's information there, 
also coded in color. (Again, you may need to use the screen movement 
keys if your Scroll Lock key (F7) is not on.) 

At this point, try entering your own comment about the problem of which 
was the best movie in 1988. After you have finished, review the comments 
which have been made by others. Now, enter a proposal. Review the 
proposals that have been made by others. Be sure to use the screen 
movement keys to see other people's information which may be off the 
bottom of the screen. 

In this experiment, each person's comments and proposals will be 
identified. This is to allow you to determine that the same or different 
people are entering comments and proposals. When voting for the 
proposals, you will NOT be identified in any way. Only the number of votes 
each proposal received will be recorded, not who voted for which proposal. 
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To vote on the proposals, anyone of the group may press the F8 key, 
which will bring all people in the group into the Ballot file. This will only 
happen when there j's more than one proposal in the Ballot file to vote on. 
Please press the F8 key. You see all the proposals which have been 
entered. Please wait to cast your vote until I tell you to do so. To cast your 
vote for one of these proposals, use the Up and Down ARROW keys to 
highlight your choice, then press the ENTER key. The top proposal will be 
from the facilitator, which is to continue to discuss the problem. This is to 
allow you to vote that you do not accept any of the current proposals and 
would like to continue the experiment. There may be more than one 
screen's worth of proposals, use the Arrow keys to move past the bottom of 
the current screen. Whenever every member of your group votes for the 
SAME proposal, the experiment will be ended (except for the exit 
questionnaire). After voting you will be exited from the Ballot file back to the 
Discussion file. Please enter your vote now. 

After everyone has finished voting, a yellow and brown box will show on 
your screens indicating that the results have been tallied for the vote. You 
will not be allowed to enter another proposal until everyone has finished 
voting and you see the yellow and brown box. You may view the results by 
pressing F9. Do that now. This puts you in the Information file and allows 
you to see how many votes each proposal received. The results of each 
vote are kept in the Information file, with the later votes occurring toward 
the bottom of the file. The last vote taken will be at the bottom of the file. 
Use the End or PgDn key to move to the bottom. In the lower left corner of 
the screen is a sign which says END when you are at the bottom of the file, 
otherwise, it will say MORE. Note the bottom of the screen, to exit from the 
Information file, press the ESC key. Do that now. 

In the next round of voting, only the proposals which received at least one 
vote will be carried forward for voting, along with any proposals which were 
entered since the last vote. Any proposals which receive no vote,including 
the "continue discussion" proposal entered by the facilitator, will be 
eliminated from the voting file. When the group has reached a unanimous 
decision that is the end of the software use. Press the F8 key again. See 
how only the proposals which recieved votes last time are included in the 
ballot file? Again cast your vote. 

At this point I would like to you function on your own for a few minutes, 
entering comments, proposals and voting. This will allow you to get a feel 
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for the software and have any questions answered before we do the actual 
experimental problem. The sheet Summary of EDS keys has a summary of 
the information just presented. Please refer to it as necessary. 



Three files: 

A.1 Introduction Materials 
A.1 .4 EDS Keys Sheet 

Discussion - where you enter comments and proposals. 
Ballot - where you vote for a single proposal. 
Information - where the voting results are displayed. 

Keys in the Discussion File: 
Screen movement - Up and Down Arrow keys, 

PgUp, PgDn, Home, End 
Viewing voting results - F9 
Call for vote - Fa 
Start/stop scrolling - F7 
Identifying types of statements 

- F2 (Comment, White), 
- F4 (Proposal, Blue) 

Keys in the Ballot file: 
Screen movement - Up and Down Arrow keys 
Cast your vote - Enter 
Exit automatically after voting back to the Discussion file 

Keys in the Information file: 

Screen Movement - PgUp, PgDn 
Exit back to the Discussion file - ESC 

129 
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A.1 Introduction Materials 
A.1.5 Manual Introduction and Warmup Exercise 

Manual Voting Instructions 

In this experiment, you will be making group decisions manually. You may 
use the front pad and pens, your own paper and pencil, and orally discuss 
the material. You will make and vote on proposals of the solution to the 
problem. To demonstrate this process we will use the example of the 
determining the best movie released in 1988. In a minute you will discuss 
this example problem and vote on a solution. 

In this experiment, each of you will be able to hear the other people's 
comments and proposals. Someone may suggest a movie, such as "A 
Fish Called Wanda." Another person may ask the first person to say why 
they thought it was the best. A third person may suggest another movie. 
Anything you wish to write down for the other members of the group, you 
will record on the front pad. In this practice exercise, you will probably not 
need to use the pad. In the actual experimental problem you will probably 
find the pad useful. 

At any point any member of the committee may call for a vote. This will be 
accomplished by secret ballot. The researcher will hand out the ballots. 
Each member will write down on the ballot slip the solution proposal they 
wish to vote for, or you may vote to continue to discuss the problem. This is 
to allow you to vote that you do not accept any of the current proposals and 
would like to continue the experiment. The experimenter will collect the 
ballots from the members and announce the results. Only the number of 
people voting for each proposal will be recorded, not who voted for each 
proposal. When the group has reached a unanimous decision that is the 
end of the discussion. 

At this point I would like to you function on your own for a few minutes, 
discussing the example problem of movies in 1988 and voting. This will 
allow you to get a feel for the discussion and the voting, and have any 
questions answered before we do the actual experimental problem. 

[Answer any questions, collect ballots, announce results.] 



Introduction 

A.2.1 Automated Instructions 

Automated Instructions 
Product Mix Experiment 

General Information 
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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 (Smalltown 
Pill Company) which is in the business of producing pills. The reason for 
selecting a pill company is simply to create a context in which the problem can 
be di scussed. The information that you will be given about this firm is not to be 
taken as representing a real company nor as representative of a 
pharmaceutical company. 

The amount of money you earn for this experiment will depend on the final 
decision made by your group. If your group follows the rules of the experiment, 
each of you will be paid 1 % of the "profit" which is greater than $1500 of the 
hypothetical firm in cash. If the group determined "profit" of the Smalltown Pill 
Company is $1600, then each of you would receive (1600 - 1500) • .01 = 
$1.00. Unless you cannot agree on a decision, most groups will make more 
than that. Depending on the group decision, you might earn a considerable 
amount of money. You will be paid in cash at the end of the experiment. 

In order to gain any useful information from this set of experiments, it is 
necessary that all groups follow the same experimental rules. Therefore, if 
there is a violation of the experimental rules by any member of your group, the 
experiment will be terminated and no payment will be made. 

Overview of the Problem 

The Smalltown Pill Company can manufacture five different types of pills. The 
costs of ingredients and the market value of the different pills varies 
substantially from month to month, making it necessary for an operating 
committee to periodically determine the most profitable product mix (a product 
mix is the number of each different type of pill which will be manufactured). 

In this task, you and the members of your group are to be the Operating 
Committee for Smalltown Pill Company. As such, during the rest of the 
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been selected to be on the Operating Committee because of your specialized 
knowledge concerning the profitability of one of the pill types. This knowledge 
is summarized in your Specific Information Sheet. Your job as a group is to 
determine the product mix which will create the most profit for the company 
(and, therefore, the biggest cash payout to the members of the Operating 
Committee). The Operating Committee will utilize the decision support 
technology provided to make its decision. You may also use the pencil and 
paper provided. 

As individuals, the infQrmation you have about your pill type MAY not currently 
be known to the other members of the Operating Committee. You may share 
your information with the other members of the Operating Committee and 
discuss the solution of the problem using the decision support technology. You 
may share information, but within the confines of the following restrictions: you 
may only share and discuss the information using the decision support 
technology; you may not orally discuss the problem, share with others your 
Specific Information Sheet or other papers, etc. Any deviation from this will be 
considered a violation of the experimental rules. 

Production Rules 

The Smalltown Pill Company's production floor has 18 rooms for producing 
pills. Several rules regarding the product mix have been determined by the 
Board of Directors based on the reports of their Strategic Planning 
Subcommittee. These rules are company policy and must be followed by the 
Operating Committee in determining the company's product mix: 

Rule 1: Each room can only be used for one type of pill. 
Rule 2: No pill type can utilize more than six rooms. 
Rule 3: Each pill type must use at least one room. 
Rule 4: Pill Type A and Pill Type B must have the same 

number of rooms. 

If the Operating Committee accepts a final product mix which does not adhere to 
the above listed rules, the Committee will be so informed by the experimental 
investigator and allowed to continue the experiment. No payment will be made 
for a decision which does not adhere to company policy. 

\ 

Profit Generated by a Product Mix 
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Profit varies by type of pill, and by the number of rooms dedicated to the 
production of the pill. To find the profit contribution from one pill type, the profit 
generated by that pill is found by looking in the row of the Specific Information 
Sheet which has the same number of rooms as you intend to allocate to that 
pill. For example, if you intend to allocate four rooms to a pill, the profit 
generated is found by looking in the fourth row of the Specific Information 
Sheet. 

The TOTAL PROFIT generated by a particular product mix can be calculated by 
summing the profit contributions generated by the five pill types. Different 
product mixes generate larger or smaller profit for the Smalltown Pill Company. 
Determining a profitable product mix will be a joint effort by all the members of 
the Operating Committee, as each one has some of the necessary information. 
By trying different mixes and calculating the profit generated by each one, the 
Operating Committee will be able to discover which mixes are more profitable 
than others. 

Rules of the Committee 

As a group, the Operating Committee must come to an unanimous decision 
regarding the product mix. The group will use the technology to discuss the 
problem and propose and discuss product mixes. Each person will enter 
Comment information and at any time may enter a Proposal. Any time a 
member of the committee wishes to vote on the product mixes which have been 
entered as Proposals, he or she will press the Fa key, bringing all members of 
the Operating Committee into the voting file. Each member of the group will then 
vote for one of the current proposals, as previously discussed in the instructions 
for the use of the EDS software. 

Please check the voting results after every vote. If the vote is unanimous to 
accept a product mix, the experiment is over. Remember that you are to try to 
maximize the "profit" generated for the Smalltown Pill Company. Each member 
of the committee will be paid in cash 1 % of the correct calculation of the profit 
greater than $1500 based on the product mix unanimously approved by the 
committee. If the vote is not unanimous, the group will return to discussing and 
proposing possible product mixes. If the committee does not come to a 
unanimous decision within 60 minutes, the experiment will be terminated with 
no decision and no money will be paid out to the committee. 

Research Concerns 

Use only the technology to share information and to discuss product mixes. Do 
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not use other ways of communicating. To insure 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, the experiment will be stopped immediately anc' the participants dismissed 
without money payment. 

After the experiment is over, each member of the group will fill out a post
experimental questionnaire about your reactions to the task, the technology, 
and the group. This questionnaire must be filled out to receive the money 
payment. 

For the integrity of this experiment to remain intact, it is important that you do not 
discuss any part of this experiment with others who have not already 
partiCipated. Additional information may influence their decisions and 
contaminate our research. Thank you for your cooperation in this experimental 
testing of the PLEXSYS Group Support software, developed by the MIS 
Department. 

Do you have any questions? After this point, I will not partiCipate, except to 
answer questions about the functioning of the software. 



Introduction 

A.2.2 Manual Task 

Manual Instructions 
Product Mix Experiment 

General Information 
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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 (Smalltown 
Pill Company) which is in the business of producing pills. The reason for 
selecting a pill company is simply to create a context in which the problem can 
be discussed. The information that you will be given about thisfirm is not to be 
taken as representing a real company nor as representative of a 
pharmaceutical company. 

The amount of money you earn for this experiment will depend on the final 
decision made by your group. If your group follows the rules of the experiment, 
each of you will be paid 1 % of the "profit" which is greater than $1500 of the 
hypothetical firm in cash. If the group determined "profit" of the Smalltown Pill 
Company is $1600, then each of you would receive (1600 - 1500) * .01· = $1.00. 
Unless you cannot agree on a decision, most groups will make more than that. 
Depending on the group decision, you might earn a considerable amount of 
money. You will be paid in cash at the end of the experiment. 

In order to gain any useful information from this set of experiments, it is 
necessary that all groups follow the same experimental rules. Therefore, if there 
is a violation of the experimental rules by any member of your group, the 
experiment will be terminated and no payment will be made. 

Overview of the Problem 

The Smalltown Pill Company can manufacture five different types of pills. The 
costs of ingredients and the market value of the different pills varies 
substantially from month to month, making it necessary for an operating 
committee to periodically determine the most profitable product mix (a product 
mix is the number of each different type of pill which will be manufactured). 
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In this task, you and the members of your group are to be the Operating 
Committee for Smalltown Pill Company. As such, during the rest of the 
instruction your group will be referred to as the Operating Committee. You have 
been selected to be on the Operating Committee because of your specialized 
knowledge concerning the profitability of one of the pill types. This knowledge 
is summarized in your Specific Information Sheet. Your job as a group is to 
determine the product mix which will create the most profit for the company 
(and, therefore, the biggest cash payout to the members of the Operating 
Committee). The Operating Committee will utilize the decision support 
technology provided to make its decision. You may also use the pencil and 
paper provided. 

As individuals, the information you have about your pill type MAY not currently 
be known to the other members of the Operating Committee. You may share 
your information with the other members of the Operating Committee and 
discuss the solution of the problem. You may share information, but within the 
confines of the following restrictions: you may only share and discuss the 
information orally; you may not share with others your Specific Information 
Sheet or other papers, etc. Any deviation from this will be considered a 
violation of the experimental rules. 

Production Rules 

The Smalltown Pill Company's production floor has 18 rooms for producing 
pills. Several rules regarding the product mix havebeen determined by the 
Board of Directors based on the reports of their Strategic Planning 
Subcommittee. These rules are company policy and must be followed by the 
Operating Committee in determining the company's product mix: 

Rule 1: Each room can only be used for one type of pill. 
Rule 2: No pill type can utilize more than six rooms. 
Rule 3: Each pill type must use at least one room. 
Rule 4: Pill Type A and Pill Type B must have the same 

number of rooms. 

If the Operating Committee accepts a final product mix which does not adhere 
to the above listed rules, the Committee will be so informed by the experimental 
investigator and allowed to continue the experiment. No payment will be made 

for a decision which does not adhere to company policy. 

Profit Generated by a Product Mix 
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Profit varies by type of pill, and by the number of rooms dedicated to the 
production of the pill. To find the profit contribution from one pill type, the profit 
generated by that pill is found by looking in the row of the Specific Information 
Sheet which has the same number of rooms as you intend to allocate to that 
pill. For example, if you intend to allocate four rooms to a pill, the profit 
generated is found by looking in the fourth row of the Specific Information 
Sheet. 

The TOTAL PROFIT generated by a particular product mix can be calculated by 
summing the profit contributions generated by the five pill types. Different 
product mixes generate larger or smaller profit for the Smalltown Pill Company. 
Determining a profitable product mix will be a joint effort byall the members of 
the Operating Committee, as each one has some of the necessary information. 
By trying different mixes and calculating the profit generated by each one, the 
Operating Committee will be able to discover which mixes are more profitable 
than others. 

Rules of the Committee 

As a group, the Operating Committee must come to an unanimous decision 
regarding the product mix. The group will discuss the information they have 
and possible solutions to the problem. You may use the flip chart to record any 
information you wish. At any pOint, a member of your group may call for a vote to 
determine the product mix which may be chosen by the group. Each member of 
the group will then vote for one of the current proposals, as previously 
discussed in the example problem. 

If the vote is unanimous to accept a product mix, the experiment is over. 
Remember that you are to try to maximize the "profit" generated for the 
Smalltown Pill Company. Each member of the committee will be paid in cash 
1 %'of the correct calculation of the profit greater than $1500 based on the 
product mix unanimously approved by the committee. If the vote is not 
unanimous, the group will return to discussing and proposing possible product 
mixes. If the committee does not come to a unanimous decision within 60 

minutes, the experiment will be terminated with no decision and no money will 
be paid out to the committee. 

Research Concerns 
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Use only oral discussion and the flip chart to share information and to discuss 
product mixes. Do not use other ways of communicating. To insure 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, the experiment will be stopped immediately 
and the participants dismissed without money payment. 

After the experiment is over, each member of the group will fill out a post
experimental questionnaire about your reactions to the task, the technology, 
and the group. This questionnaire must be filled out to receive the money 
payment. 

For the integrity of this experiment to remain intact, it is important that you do not 
discus" any part of this experiment with others who have not already 
participated. Additional information may influence their decisions and 
contaminate our research. Thank you for your cooperation in this experimental 
testing of the PLEXSYS Group Support software, developed by the MIS 
Department. 

DfJ you have any questions? After this point, I will not partiCipate, except to 
answer questions about the functioning of the software. 



139 

A.3.1 Experimental Ballot 

BALLOT 

PROPOSITION 
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A.3.2 Specific Information Sheets, Low Values 

SPECIFIC INFORMATION FOR PILLA SPECIFIC INFORMATION FOR PILL B 

Number of rooms Profit Number of rooms ProHt 
alloned 10 Pili A from Pill A allotted to Pili B from Pili B 

1 $ 80 1 $ 40 

2 $ 120 2 $ 80 

3 $ 180 3 $ 120 

4 $ 240 4 $ 130 

5 $ 260 5 $ 140 

G $ 280 6 $ 150 

SPECIFIC INFORMATION FOR PILL C SPECIFIC INFORMATION FOR PILL 0 

Number of rooms Profil Number of rooms Profit 
alia ned 10 Pili C from Pill C a1loned to Pili 0 from Pili 0 

1 $ 80 1 $ 60 

2 $ 130 2 $ 120 

3 $ 180 3 $ 200 

4 $ 210 4 $ 210 

5 $ 220 5 $ 220 

6 $ 230 6 $ 240 

SPECIFIC INFORMATION FOR PILL E 

Number of rooms 
alloned 10 Pili E 

1 $ 120 

2 $ 160 

3 $ 210 

4 $ 220 

5 $ 24·0 

6 $ 250 

A.3.3 Specific Information Sheets, High Values 
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SPECIFIC INFORMATION FOR PILL A SPECIFIC INFORMATION FOR PILL B 

Number of rooms Profit Number of rooms Profit 
allotted to Pili A from Pili A allotted to Pili B from Pili B 

1 $ 160 1 $ 80 

2 $ 240 2 $ 160 

3 $ 360 3 $ 240 

4 $ 500 4 $ 260 

5 $ 520 5 $ 280 

6 $ 560 6 $ 300 

SPECIRC INFORMATION FOR PILL C SPECIFIC INFORMATION FOR PILL 0 

Number of rooms Profit Number of rooms Profit 
allotted to Pili C from Pili C allotted to PIli 0 from Pili 0 

1 $ 160 1 $ 120 

2 $ 260 2 $ 240 

3 $ 360 3 $ 400 

4 $ 420 4 $ 420 

5 $ 440 5 $ 440 

6 $ 460 6 $ 480 

SPECIFIC INFORMATION FOR PILL E 

Number of rooms 
allotted to Pili E 

1 $ 240 

2 $ 320 

3 $ 420 

4 $ 440 

5 $ 480 

6 $ 500 



A.4 List of Feasible Solutions and Payout 

Input data: 

Room A: 80 160 240 260 280 300 
RoomC: 160 260 360 420 440 460 
Room D: 120 240 400 420 440 480 
Room E: 240 320 420 440 480 500 

Room configurations: 
A BC DE 
6 6 4 1 1 Total Profit 1640 Payout 1.40 
6 6 3 2 1 Total Profit 1700 Payout 2.00 
6 6 3 1 2 Total Profit 1660 Payout 1.60 
6 6 2 3 1 Total Profit 1760 Payout 2.60 
6 6 2 2 2 Total Profit 1680 Payout 1.80 
6 6 2 1 3 Total Profit 1660 Payout 1.60 
6 6 1 4 1 Total Profit 1680 Payout 1.80 
6 6 1 3 2 Total Profit 1740 Payout 2.40 
6 6 1 2 3 Total Profit 1680 Payout 1.80 
6 6 1 1 4 Total Profit 1580 Payout 0.80 

End of one set of rooms 

5 5 6 1 1 Total Profit i 620 Payout 1.20 
5 5 5 2 1 Total Profit 1720 Payout 2.20 
5 5 5 1 2 Total Profit 1680 Payout 1.80 
5 5 4 3 1 Total Profit 1860 Payout 3.60 
5 5 4 2 2 Total Profit 1780 Payout 2.80 
5 5 4 1 3 Total Profit 1760 Payout 2.60 
5 5 3 4 1 Total Profit 1820 Payout 3.20 
5 5 3 3 2 Total Profit 1880 Payout 3.80 
5 5 3 2 3 Total Profit 1820 Payout 3.20 
5 5 3 1 4 Total Profit 1720 Payout 2.20 
5 5 2 5 1 Total Profit 1740 Payout 2.40 
5 5 2 4 2 Total Profit 1800 Payout 3.00 
5 5 2 3 3 Total Profit 1880 Payout 3.80 
5 5 2 2 4 Total Profit 1740 Payout 2.40 
5 5 2 1 5 Total Profit 1660 Payout 1.60 
5 5 1 6 1 Total Profit 1680 Payout 1.80 
5 5 1 5 2 Total Profit 1720 Payout 2.20 
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5 5 1 4 3 Total Profit 1800 Payout 3.00 
5 5 1 3 4 Total Profit 1800 Payout 3.00 
5 5 1 2 5 Total Profit 1680 Payout 1.80 
5 5 1 1 6 Total Profit 1580 Payout 0.80 

End of one set of rooms 

4 4 6 3 1 Total Profit 1860 Payout 3.60 
4 4 6 2 2 Total Profit 1780 Payout 2.80 
4 4 6 1 3 Total Profit 1760 Payout 2.60 
4 4 5 4 1 Total Profit 1860 Payout 3.60 
4 4 5 3 2 Total Profit 1920 Payout 4.20 
4 4 5 2 3 Total Profit 1860 Payout 3.60 
4 4 5 1 4 Total Profit 1760 Payout 2.60 
4 4 4 5 1 Total Profit 1860 Payout 3.60 
4 4 4 4 2 Total Profit 1920 Payout 4.20 
4 4 4 3 3 Total Profit 2000 Payout 5.00 
4 4 4 2 4 Total Profit 1860 Payout 3.60 
4 4 4 1 5 Total Profit 1780 Payout 2.80 
4 4 3 6 1 Total Profit 1840 Payout 3.40 
4 4 3 5 2 Total Profit 1880 Payout 3.80 
4 4 3 4 3 Total Profit 1960 Payout 4.60 
4 4 3 3 4 Total Profit 1960 Payout 4.60 
4 4 3 2 5 Total Profit 1840 Payout 3.40 
4 4 3 1 6 Total Profit 1740 Payout 2.40 
4 4 2 6 2 Total Profit 1820 Payout 3.20 
4 4 2 5 3 Total Profit 1880 Payout 3.80 
4 4 2 4 4 Total Profit 1880 Payout 3.80 
4 4 2 3 5 Total Profit 1900 Payout 4.00 
4 4 2 2 6 Total Profit 1760 Payout 2.60 
4 4 1 6 3 Total Profit 1820 Payout 3.20 
4 4 1 5 4 Total Profit 1800 Payout 3.00 
4 4 1 4 5 Total Profit 1820 Payout 3.20 
4 4 1 3 6 Total Profit 1820 Payout 3.20 

End of one set of rooms 

3 3 6 5 1 Total Profit 1740 Payout 2.40 
3 3 6 4 2 Total Profit 1800 Payout 3.00 
3 3 6 3 3 Total Profit 1880 Payout 3.80 

3 3 6 2 4 Total Profit 1740 Payout 2.40 
3 3 6 1 5 Total Profit 1660 Payout 1.60 
3 3 5 6 1 Total Profit 1760 Payout 2.60 
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3 3 5 5 2 Total Profit 1800 Payout 3.00 
3 3 5 4 3 Total Profit 1880 Payout 3.80 
3 3 5 3 4 Total Profit 1880 Payout 3.80 
3 3 5 2 5 Total Profit 1760 Payout 2.60 
3 3 5 1 6 Total Profit 1660 Payout 1.60 
3 3 4 6 2 Total Profit 1820 Payout 3.20 
3 3 4 5 3 Total Profit 1880 Payout 3.80 
3 3 4 4 4 Total Profit 1880 Payout 3.80 
3 3 4 3 5 Total Profit 1900 Payout 4.00 
3 3 4 2 6 Total Profit 1760 Payout 2.60 
3 3 3 6 3 Total Profit 1860 Payout 3.60 
3 3 3 5 4 Total Profit 1840 Payout 3.40 
3 3 3 4 5 Total Profit 1860 Payout 3.60 
3 3 3 3 6 Total Profit 1860 Payout 3.60 
3 3 2 6 4 Total Profit 1780 Payout 2.80 
3 3 2 5 5 Total Profit 1780 Payout 2.80 
3 3 2 4 6 Total Profit 1780 Payout 2.80 
3 3 1 6 5 Total Profit 1720 Payout 2.20 
3 3 1 5 6 Total Profit 1700 Payout 2.00 

End of one set of rooms 

2 2 6 6 2 Total Profit 1660 Payout 1.60 
2 2 6 5 3 Total Profit 1720 Payout 2.20 
2 2 6 4 4 Total Profit 1720 Payout 2.20 
2 2 6 3 5 Total Profit 1740 Payout 2.40 
2 2 6 2 6 Total Profit 1600 Payout 1.00 
2 2 5 6 3 Total Profit 1740 Payout 2.40 
2 2 5 5 4 Total Profit 1720 Payout 2.20 
2 2 5 4 5 Total Profit 1740 Payout 2.40 
2 2 5 3 6 Total Profit 1740 Payout 2.40 
2 2 4 6 4 Total Profit 1740 Payout 2.40 
2 2 4 5 5 Total Profit 1740 Payout 2.40 
2 2 4 4 6 Total Profit 1740 Payout 2.40 
2 2 3 6 5 Total Profit 1720 Payout 2.20 
2 2 3 5 6 Total Profit 1700 Payout 2.00 

2 2 2 6 6 Total Profit 1640 Payout 1.40 
End of one set of rooms 

1 1 6 6 4 Total Profit 1620 Payout 1.20 
1 1 6 5 5 Total Profit 1620 Payout 1.20 
1 1 6 4 6 Total Profit 1620 Payout 1.20 
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1 1 5 6 5 Total Profit 1640 Payout 1.40 
1 1 5 5 6 Total Profit 1620 Payout 1.20 
1 1 4 6 6 Total Profit 1640 Payout 1.40 

End of one set of rooms 

Number solutions: feasible= 752 likely= 104 

payout functions: min= 0.80 max=5.00 average payout 2.68 
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A.5 Questionnaire 

Directions: We are interested in how your group approached the task. This questionnaire is composed of 
19 statements. Please indicate in the space provided the degree to which each statement applies to you or 
your group. Indicate your choice 171 CIRCLING the appropriate marker. There are no right or wrong 
answers. Many of the statements are similar to other statements. Do not be concerned about this. 

Your responses to this questionnai'e will be kept confidential. 

1. The overall quality of the problem-solving in this group was: 

poor gxx1 
1 2 3 4 5 6 7 

2. The problem-solving, on the whole, was: 

ineffective effective 
1 2 3 4 5 6 7 

3. The outcome chosen was: 

unsatisfactory satisfactory 
1 2 3 4 5 6 7 

4. The problem-solving was: 

incompetently competently 
executed executed 

1 2 3 4 5 6 7 

5. The behavior of 'the group was: 

not goal goal 
directed directed 

1 2 3 4 5 6 7 

6. The participation in the discussion was: 

unevenly evenly 
distributed distributed 

1 2 3 4 5 6 7 
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The following 4 questions refer to the scale below. Please CIRClE your choice. 

(1) (2) (3) (4) (5) 
Not Toa To some Toa Toa 
at all IHlle extent great very great 

extent extent extent 

7. To what extent do you feel personally responsible 
for the correctness of the group decision? 2 3 4 5 

8. To what extent does the final solution relect 
your imputs'? 2 3 4 5 

9. I made suggestions about doing the task. 2 3 4 5 

10. We all worked just as hard to find 
the decision. 2 3 4 5 

11, How would you descnbe 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 

2 3 4 5 

Very Somewhal Neutral Somewhat Very 
dissatisfied 

12. How satisfied or dissatisfied were 
dissatisfied satisfied satisfied 

you with the quality of your group's 
solution? 

2 3 4 5 
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13. How many members were In your group? 5 10 (Circle the appropriate number.) 

14. Your group used a (manual I automated ) technique. (Circle the appropriate word.) 

15. How many computer classes have you taken? courses 

16. How well do you type? (circle a number) 

a. Hunt and peck 1 
b. Rough or casual typing 2 
c. Good typing (30 WPM error-free) 3 
d. Excellent typing 4 

17. Have you taken a course In Unear Programming? Yes No (Circle the appropriate word.) 

18. Have you taken a course In Operations Management? Yes No (Circle the appropriate word.) 

19. How much familiar are you with the type of problem your group just solved? 

Never seen It 
1 2 

A bit familiar 
3 4 

Very familiar 
5 

20. What Is your age~ ___ years 

21. What Is your sex? M F (Circle the appropriate letter.) 

22. How many of your group members have you worked with previously? ____ members 

23. If you have any comments, questions or suggestions about the experimental task, 
the software, the problem-solving process, or any aspect of the experiment, we 

welcome you to write them down. 
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!:lAVE you TAKEN LINEAR PROGRAMMING 

Cumulative 
Value Label Value Frequency Percent Percent 

NO .00 70 60.9 60.9 
YES '1.00 45 39.1 100.0 
Missing -1.00 2 .7 

Total 117 100.0 

t:lAVE YQU IA~r;~ QEr;BAIIQ~S MA~Aar;ME~I 
Cumulative 

Value Label Value Frequency Percent Percent 

NO .00 59 51.3 51.3 
YES 1.00 56 48.7 100.0 
Missing -1.00 2 1.7 

Total 117 100.0 

HOW FAMILIAR WITH PROBLEM 

Cumulative 
Value Label Value Frequency Percent Percent 

NEVER SEEN IT 1.00 10 8.8 8.8 
2.00 8 7.0 15.8 

BIT FAMILIAR 3.00 42 36.8 52.6 
4.00 44 38.6 91.2 

VERY FAMILIAR 5.00 10 8.8 100.0 
Missing -1.00 3 2.6 

Total 117 100.0 

Wt:lAI IS YQUB AGE IN YEABS? 
Cumulativl9 
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Value Label Value Frequency Percent Percent 

18.00 15 13.0 13.0 
19.00 16 13.9 27.0 
20.00 13 11.3 38.3 
21.00 15 13.0 51.3 
22.00 17 14.8 66.1 
23.00 10 8.7 74.8 
24.00 7 6.1 80.9 
25.00 5 4.3 85.2 
26.00 6 5.2 90.4 
28.00 2 1.7 92.2 
31.00 1 .9 93.0 
35.00 1 .9 93.9 
37.00 3 2.6 96.5 
39.00 1 .9 97.4 
40.00 2 1.7 99.1 
42.00 1 .9 100.0 

Missing -1.00 2 1.7 

Total 117 100.0 

WHAT I~ YQUR ~EX? 
B.1 Demographic Data 

Cumulative 
Value Label Value Frequency Percent Percent 

MALE 1.00 85 73.9 73.9 
FEMALE 2.00 30 26.1 100.0 

.Missing -1.00 2 1.7 

Total 117 100.0 
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NUMBER OF MEMBERS KNOWN PREVIOUSLY 

Cumulative 
Value Label Value Frequency Percent Percent 

.00 71 62.3 62.3 
1.00 23 20.2 82.5 
2.00 8 7.0 89.5 
3.00 6 5.3 94.7 
4.00 4 3.5 98.2 
7.00 2 1.8 100.0 

Missing -1.00 3 2.6 

Total 117 100.0 
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B.2 Factor Analysis 

EXTRACTION 1 FOR ANALYSIS 1, 
PRINCIPAL-COMPONENTS ANALYSIS (PC) 

INITIAL STATISTICS: 

VARIABLE COMM*FACTOR EIGENVALUE PCTOF VAR CUM PCT 

QUAL1 1.00000 * 1 6.75082 42.2 42.2 
EFFECT 1.00000 * 2 1.92717 12.0 54.2 
SATIS1 1.00000 * 3 1.28672 8.0 62.3 
COMPET 1.00000 * 4 .84458 5.3 67.6 
GOALDIR 1.00000 * 5 .78836 4.9 72.5 
PARTIC 1.00000 * 6 .71983 4.5 77.0 
RESPON 1.00000 * 7 .67063 4.2 81.2 
REFLCT 1.00000 * 8 .57726 3.6 84.8 
SUGG 1.00000 * 9 .43323 2.7 87.5 
WORKD 1.00000 * 10 .41366 2.6 90.1 
SATIS2 1.00000 * 11 .38137 2.4 92.5 
COORD 1.00000 * 12 .30065 1.9 94.3 
FAIR 1.00000 * 13 .26607 1.7 96.0 
CLEAR 1.00000 * 14 .24082 1.5 . 97.5 
EFFIC 1.00000 • 15 .21035 1.3 98.8 
SATIS3 1.00000 * 16 .18849 1.2 100.0 

PC EXTRACTED 3 FACTORS. 
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FACTOR MATRIX: 

FACTOR 1 FACTOR 2 FACTOR 3 

QUAL1 .77439 -.10017 -.12555 
EFFECT .75947 -.03549 -.21380 
SATIS1 .63830 .18800 -.18645 
COMPET .80444 -.23348 -.06222 
GOALDIR .62635 -.30127 .04486 
PARTIC .29557 -.05540 .74067 
RESPON .39001 .75803 .00704 
REFLCT .31750 .71638 -.05591 
SUGG .27427 .75741 .02696 
WORKD .31633 .08906 .78469 
SATIS2 .83262 . -.12433 .00350 
COORD .83383 -.10213 -.08531 
FAIR .78446 -.05316 -.01573 
CLEAR .77580 .01575 .01131 
EFFIC .75707 -.17892 .07024 
SATIS3 .65801 -.04249 -.06133 
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FINAL STATISTICS: 

VARIABLE COMM * FACTOR EIGENVALUE PCT OF VAR CUM PCT 

QUAL1 
EFFECT 
SATIS1 
COMPET 
GOALDIR 
PARTIC 
RESPON 
REFLCT 
SUGG 
WORKD 
SATIS2 
COORD 
FAIR 
CLEAR 
EFFIC 
SATIS3 

.62548 * 1 

.62377 * 2 

.47754 * 3 

.70551 * 

.48509 * 

.63903 * 

.72677 * 

.61713 * 

.64962 * 

.72374 * 

.70872 * 

.71298 * 

.61845 * 

.60225 * 

.61010 * 

.43855 * 

6.75082 
1.92717 
1.28672 

42.2 
12.0 
8.0 

42.2 
54.2 
62.3 
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VARIMAX ROTATION 1 
FOR EXTRACTION 1 IN ANALYSIS 1 - KAISER NORMALIZATION. 

VARIMAX CONVERGED IN 4 ITERATIONS. 

ROTATED FACTOR MATRIX: 

FACTOR 1 FACTOR 2 FACTOR 3 

QUAL1 .78201 .11470 .02799 
EFFECT .76720 .17699 -.06197 
SATIS1 .58747 .35884 -.06042 
COMPET .83428 -.00856 .09699 
GOALDIR .66409 -.12593 .16797 
PARTIC .15399 -.00815 .78438 
RESPON .16303 .83325 .07672 
REFLCT .11766 .77672 .00122 
SUGG .05012 .80104 .07379 
WORKD .12641 .13451 .83046 
SATIS2 .81910 .10109 .16607 
COORD .83106 .12678 .07903 
FAIR .75811 .15771 .13731 
CLEAR .72628 .22056 .16162 
EFFIC .74982 .02546 .21731 
SATIS3 .64444 .13647 .06794 

FACTOR TRANSFORMATION MATRIX: 

FACTOR 1 FACTOR 2 FACTOR 3 

FACTOR 1 .94438 .26541 .19418 
FACTOR 2 -.26906 .96309 -.00780 
FACTOR 3 -.18908 -.04488 .98094 



8.3 Covariance Analysis of Prior Knowledge on Time 

Time to Share Information 

Method 
Sum 
Average 
Max 
Min 

E Value 
.73 

1.83 
.03 

4.82 

gf 
3/9 
3/9 
1/11 
1/11 

Time to First Proposal, Cumulative Time Measure 

Method 
Sum 
Average 
Max 
Min 

E Value 
1.55 
3.03 

.49 

.24 

Time to First Proposal, Disjoint Time Measure 

MatDgQ F Valua 
Sum 2.06 
Average 3.20 
Max .56 
Min 1.37 

gf 
3/9 
3/9 
1/11 
1/11 

df 
3/9 
3/9 
1/11 
1/11 

P Value 
greater than .10' 
greater than .10 
greater than .10 

.025 

P Value 
greater than .10 

.087 
greater than .10 
greater than .10 

P Valua 
greater than .10 

.064 
greaterthan .10 
greater than .10 

Time to Discover Optimal Decision, Cumulative Time Measure 

MetDQQ E Value gf P Value 
Sum .98 3/9 greater than .10 
Average 1.42 3/9 greater than .10 
Max .74 1/11 greater than .10 
Min 1.60 1/11 greater than .10 

, The F table used shows alpha levels of .50, .10, .05, and up. Interpolation was not 
attempted at values much greater than .10. 
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Time to Discover Optimal Decision, Disjoint Time Measure 

M~lhQg F Value Qf P Value 
Sum 1.21 3/9 greater than .10 
Average 2.98 3/9 .092 
Max .89 1111 greater than .10 
Min .97 1/11 greater than .10 

Time to Unanimous Decision, Disjoint Time Measure 

M~lbQg F Value ttl P Value 
Sum .23 3/9 greater than .10 
Average .22 3/9 greater than .10 
Max .00 1111 greater than .10 
Min .27 1/11 greater than .10 



APPENDIX C. GROUP VERSUS INDIVIDUAL 
PROCEDURES AND RESULTS 
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To gain another measure of complexity, and to further investigate the 

group process, we asked individuals to attempt the task. Seven of the 

extra subjects agreed to participate. Each person was given all the private 

information which was distributed among the group members in group 

treatments. After reading the instructions and having questions answered, 

the time was recorded. When the individuals were satisfied with their 

solution (or after 60 minutes, whichever came first), the time was again 

recorded. They were paid according to the profit from their chosen product 

mix, as were the groups. These subjects did not fill out a satisfaction 

questionnaire, as the questionnaire was designed to measure satisfaction 

in the members of a group. 

In the pilot study, the task was given to individuals to gain another 

impression of the task difficulty. In the first version of the task, most of the 

individuals who attempted the task did not correctly generate product 

mixes, while all the groups managed this fundamental task. Although this 

was a surprising finding, the instructions were left the same, as the task 

was aimed primarily at groups rather than individuals. None of the 

individuals in the paid experiments were unable to correctly generate 

solutions. 
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Some of these individuals did not choose the optimum solution. Regular 

ANOVA was inappropriate due to cell size differences, so the regression 

method was used to calculate the main effects first, then the interaction 

effects.' There was a significant difference in group decision quality and 

individual decision quality, as measured by the payoff (see Figure C.1). The 

maximum possible payoff in all cases was $5.00. 

Figure C.1 ANOVA for Group Versus Individual Payoff 

Group Ihdlvldual 
Means: 5.00 4.69 S.D. .288 

~Quro~ Qt ~g[igliQ[] .ssE Q1 MS.E f ~ig Qt E 
Main Effects .481 1 .481 5.777 .026 

GROUP/INDIVIDUAL .481 1 .481 5.777 .026 
Explained .481 1 .481 5.777 .026 
Residual 1.749 21 .083 
Total 2.230 22 .101 

Groups performed significantly better than individuals. This was in accord 

with the conclusions from social psychology [Lorge and Solomon 1955, 

Marquart 1955]. The task of finding the optimal solution was a disjunctive 

task: the group outcome was determined by the person who solved the 

task. Groups are made up of individuals who either can or cannot solve a 

task. The statistical probability that a group will have a member capable of 

solving the task is high given the percentage of the population of 

individuals who solved the task (75%). 

, This was accomplished using the SPSS-X ANOVAIUNIQUE command. 
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The time to finish was also measured for the individuals who participated in 

the experiment. The individual had all the information needed to solve the 

problem, and thus there was no equivalent to the group process of sharing 

private information. For this comparison, the time for a group to share 

information was subtracted from its total time needed to finished. The time 

needed by the group to convince its members of the final product mix 

choice was not subtracted out of the group time because individuals also 

seemed to go through a process of convincing themselves their solution 

was the optimum. 

The average group measure was then compared to the average time for 

the individuals to finish. There was a significant difference between the 

group and the individual time to finish (see Figure C.2). Groups were faster 

in determining a solution, even including the time needed to convince all 

members to accept the final solution. 

Figure C.2 ANOVA for Time to Finish, Group vs. Individual 

Group Individual 
Vleans: 34.44 45.00 S.D. 12.88 

SQU[Q~ Qf ~a[ialiQD ~ .df. MS.f f Sig Qf E 
Main Effects 543.280 1 543.280 3.550 .073 

GROUP/INDIVIDUAL 543.280 1 543.280 3.550 .073 
Explained 543.280 1 543.280 3.550 .073 
Residual 3213.937 21 153.045 
Total 3757.217 22 170.783 

To further examine the effect of group size on time to finish, an analysis of 



162 
variance was performed on the three group sizes (see Figure C.3). There 

was no significant difference in the time to finish between the three group 

sizes. There was a trend for larger groups to solve the problem more 

quickly. Individuals were the slowest, and groups of five were slower than 

groups of ten. 

Figure C,3 ANOVA for Time to Finish, by Size 

Individual Five Ten 

Means: 45.00 37.13 31.75 

SQU[Qe Qf ~a[ialiQIl .s.s..e. df. MSE f Sig Qf E 
Main Effects 658.842 2 329.421 2.126 .145 

SIZE 658.842 2 329.421 2.126 .145 
Explained 658.842 2 329.421 2.126 .145 
Residual 3098.375 20 154.919 
Total 3757.217 22 170.783 
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