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ABSTRACT: By mid-1998, approximately 200 different controlled experiments had
been published in 230 articles in refereed journals or major conference proceedings,
which examined processes and outcomes in computer-supported group decision
making. This paper is a concise overview of what has been studied and how: the
systems, independent, intervening, adaptation, and dependent variables, manipulated
or measured, and experimental procedures employed. Part I categorizes the contextual
and intervening factors. Part I analyzes 1,582 hypotheses resulting from pairings of
independent and dependent variables. The results show that the modal outcome for
GSS systems compared with face-to-face (FtF) methods is “no difference,” while the
overall percentage of positive effects for hypotheses that compare GSS with FtF is a
disappointing 16.6 percent. Experiments with seven to ten groups per treatment
condition working on idea-generation tasks and using GSS technology show an
improvement up to 29.0 percent. These results are moderated by technology, process
structure, communication mode, group factors, task type, the number of experimental
groups per treatment condition, and the type of dependent variable measured. The
purpose of this paper is to aid the GSS researcher by presenting detailed results of
what has been studied and found in previous experiments, along with a discussion of
what needs to be studied.
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IN THE MID-TWENTIETH CENTURY, THERE WERE MANY STUDIES of small-group deci-
sion making, gencrally in the “face-to-face™ (FtF) condition, which compared the
decision making of individuals with that of groups and explored variables related to
group effectiveness. Good reviews of this tradition in social psychology include those
by Hare [40], Shaw [77], Steiner {81}, and McGrath [55]. Generally, it was found that
small groups, left to their own devices, suffered many process losses: “The degree to
which actual productivity approaches potential productivity is a function of the
appropriateness of its processes relative to the task demands™ [§1]. Among the key
variables that have been observed to influence the effectiveness of small-group
decision making are leadership and structuring of the group process. For example,
imposing certain structures for interaction on small FtF groups, such as a strict agenda,
which force “rational” decision making, or brainstorming [68] or Nominal Group
Techniques [92], can improve process and outcomes. During the 1970s in particular,
there were also some experiments exploring the effects of media such as the telephone
(audio-only) or video plus audio (“videoconferencing”™) on small-group decision
making [e.g., 78].

Experiments on group decision support systems (GSS) make their first explicit
appearance in the literature in 1982, in the Turoff and Hiltz [85] article “Computer
Support for Group Versus Individual Decisions.” Preliminary results of a series of
controlled experiments at New Jersey Institute of Technology (NJIT) comparing the
process and outcome of groups using computer-mediated communication (CMC)
versus FtF communication, and of unenhanced or “plain vanilla” CMC versus CMC
with the addition of various tools or structures to support group decision making, also
appeared there. With the exception of some experiments on CMC at Carnegie Mellon
[e.g., 53], there was relatively little other published experimental work until after the
mid-1980s, and one seldom saw the term “GSS.” However, major programs of
research were underway at the Claremont Graduate School, University of Arizona,
University of California at Irvine, and the University of Minnesota, as well as at NJIT.
This research would soon produce a stream of theoretical papers, empirical results,
and well-trained and productive young researchers.

DeSanctis and Gallupe’s seminal paper, “A Foundation for the Study of Group
Decision Support Systems” [21] has been extremely influential in providing acommon
framework for research on GSS. They defined GSS as combining “communication,
computer, and decision technologies to support problem formulation and solution in
group meetings” (p. 589). They also presented a “‘contingency” theory to help explain
why GSS is not always beneficial; it would depend on whether the nature of the
technology and structuring provided was appropriate for the group size (smaller versus
larger), the type of task, and the communication mode, of which they identified two:
same place (FtF, or “decision room”) and different place, or dispersed. They also
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touched on what would later become Adaptive Structuration Theory [e.g., 24, 70],
with the statement, “The effectiveness of the technology depends on its appropriate
design and use by the group™ [21, p. 589].

Some important distinctions were later added to DeSanctis and Gallupe’s [21] GSS
theoretical framework. Johansen, [51, 52] and Ellis, Gibbs, and Rein [27] provided a
time and space taxonomy for the support of real-time meetings to non—real-time
interactions (asynchronous CMC). This was further incorporated into a three-dimen-
stonal (group size, group proximity, and time dispersion) taxonomy of environments
by Dennis and associates [15]. For example, CMC can be same-time (synchronous)
or different-time (asynchronous); in many ways, these are totally different media, in
terms of their effects on group communication processes. Pinsonneault and Kraemer
[69] make a related distinction between group decision support systems, “GDSS,” and
“GCSS™ or “group communication support systems,” which they observed as having
“similar impacts on some aspects of group processes and outcomes, but opposite
impacts on other aspects”™ (p. 143). The term GSS is used more frequently than GDSS.

Part I: Methodology

IN THIS EXHAUSTIVE REVIEW OF THE LITERATURE, WE LOCATED two hundred different
empirical studies that met our criteria for this analysis. First, the study had to be
published in a refereed journal or conference proceeding; this means that unpublished
dissertations, conference presentations, and book chapters are not included. Second,
they were studies of groups, which we defined as comprising at least three members.
Simmel [79, 80], was the first to convincingly make the case that a dyad is fundamen-
tally different from larger groups because the triad is the smallest size aggregation in
which there can be a “majority” that stands against a minority. Third, they used a
computer-based GDSS or GCSS with at least minimal features designed to support
group communication and decision-making processes. Finally, the study was actually
a controlled experiment: There were two or more conditions deliberately created and
contrasted, other variables were controlled in some manner, and there was at least one
independent and one dependent variable, which was measured and statistically analyzed.

Everything that we could locate, published in English and available by mid-1998,
is included. A few studies fail to meet one or more of these criteria but are cited heavily
in the literature or seem to be significant, so they are included as “nonconforming
studies,” and identified as such at the end of appendix 1. Undoubtedly, there are a
few studies that we missed, and, of course, more are being published almost weekly,
so it is impossible ever to be completely “up to date.”

There are several prior summaries of GSS studies, of which Benbasat and Lim [3]
is the most comprehensive; others of note include [16, 38, 44, 56, 57, 69]. However,
none of these prior summaries include more than about fifty studies, since they were
made before the great flood of GSS publications in the mid-1990s. In addition, none
of them uses as comprehensive a framework for gathering information and putting it
into a common terminology so that the procedures and results can be compared and
statistically analyzed.
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The Theoretical Framework

Theoretical frameworks are designed to aid in the understanding and design of
empirical investigations. A number of representative frameworks were used as the
core from which we originally extracted a comprehensive factors model, including
DeSanctis and Gallupe {21], Jalassi and Beauclair [47], Dennis, George, Jessup,
Nunamaker, and Vogel [15], Pinsonneault and Kraemer [69], Poole and DeSanctis
[70], Hiltz, Dufner, Holmes, and Poole [42], and Nunamaker, Dennis, Valacich,
Vogel, and George [65]. This integrated framework was developed to provide com-
plete coverage of factors present in the literature as a whole and has been previously
published [34]. Since that time, we have refined the framework based on reviewers’
suggestions about factors that could be placed differently in order to improve the logic
of the model, and comparison of the initial theoretical model to the actual variables
appearing in the empirical studies. The result appears as figure 1, which will only be
briefly explained here; sce Fjermestad [29, 31] for a complete description. This
integrated theoretical framework is conceptualized as consisting of four major cate-
gories of variables: contextual or independent variables, intervening variables, group
adaptation processes, and outcomes. Of these, the contextual and one of the interven-
ing variables that have been studied (methodology) are summarized in part I of this
paper, along with the experimental methods and procedures that have been used; these
are shaded in figure 1. Part Il analyzes the adaptation and outcome factors.

The contextual factors are all external or driving variables that comprise the
environment or conditions for the decision-making task. It is from these that the
“independent variables” manipulated in any given experiment are generally chosen.
For any one cxperiment, they are (relatively) fixed or controlled. These include
characteristics of the particular technology (GSS) being used, of the group, task,
environmental, and organizational contexts.

Intervening factors, which also affect the group interaction, are derived from or
added to the set of conditions created from the context of the group decision sessions.
For example, the methods used by the group may vary in session length, number of
sessions, and presence and role of a facilitator. These factors can change from session
to session, if the “meeting” goes on over a period of time, and thus are somewhat
dynamic, rather than static. The variables we have categorized as “intervening” are
often treated as covariates or moderator variables in the analysis of experimental
results, but are sometimes treated as dependent variables.

The second set of dynamic factors is the adaptation (adaptive structuration) or
interaction process of the group. This includes such things as their level of effort, their
attitude toward the GSS, and participation patterns. They are the variables that are
controlled by the group on an individua! or collective basis.

Finally, the outcomes are the result of the interplay of the intervening factors and
adaptation of the group with the contextual factors. These results or dependent
variables include efficiency measures (e.g., calendar time to decision), effectiveness
measures (e.g., decision quality), usability of the system and methods used, and
subjective satisfaction measures.
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The Studies and Their Categorization

The studies included in this analysis are listed in appendix 1. Their accompanying
methodological data are presented as appendix 2, and results, comments, and conclu-
sions of ecach experiment are presented as appendix 3. The results of some experi-
ments were presented in more than one paper; in fact, in a few cases, almost the same
paper was published in two places. If the design of the study and the number and
description of the subjects were exactly the same, the different papers were determined
to be on a single experiment and given only one number. Ifthe results of an experiment
were first published in a conference proceedings and subsequently published as a
journal article, we refer to the journal as the “primary” (or definitive) publication, and
to the conference proceedings as the “secondary” publication. On the other hand, some
papers presented multiple experiments; in this case, the different experiments were
given notations of “experiment 1,” “experiment 2,” and so on. We thus have a total of
230 papers representing 200 different studies.

One problem in locating experimental studies is that GSS is an interdisciplinary
field, spanning the boundaries of information systems, management, computer sci-
ence, social psychology, and communication. There are thirty-seven different journals
and seven conference proceedings represented in the list of publications. The Hawaii
International Confercnce on Systems Sciences (HICSS) is the most frequent forum
for presentation of GSS studics; a total of fifty-seven studies have appeared only in
HICSS proceedings thus far, and another twenty-three were published there first, and
subsequently in a journal. Seventeen papers have been published in Journal of
Management Information Systems, thirtcen in Small Group Research, eleven each in
Information & Management and in MIS Quarterly. The complete list of outlets is
shown in Table I.

We have previously mentioned that the “flood” of GSS studies is a phenomenon of
the 1990s. This is very apparent from the count of journal (Table 2) and conference
proceeding (Table 3) publications by year.

These experiments represent a large investment of time and money by a large
number of rescarchers, funding organizations, and subjccts. We suspect that the
tremendous popularity of the World Wide Web and web browsers will see a new surge
of interest in GSS, particularly of the distributed and asynchronous varicty, now that
“user-friendly’ graphical user interfaces (GUI) and “muitimedia” can be included in
the group support systems. It is very important that the research community have a
complete understanding of what has been studied thus far and what has been studied
little or not at all—of “what we know and what we don’t know” about GSS effective-
ness, in order to design future studies that will optimally contribute to our knowledge
of how to build and use these systems. That is the objective of our comprehensive
analysisA.

The major aspects of the methodology and findings of experiments on GSS have
been put into a data base and organized into a large chart (appendix 2: An Assessment
of Group Support Systems: Methodology, and appendix 3: An Assessment of Group
Support Systems: Results). Figures 2, 3, and 4 are summary counts of the variables
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Table I.  Group Support System Publications

Year Journal Conference Total by year
1970 1 1
1981 1 1
1982 1 1
1986 2 2
1987 2 2 4
1988 7 T
1989 2 5 7
1990 13 10 23
1991 8 12 20
1992 10 8 18
1993 18 10 28
1994 20 9 29
1995 14 12 26
1996 27 6 33
1997 11 4 15
1998 9 5 14
In press 1 |
Total 147 83 230

from appendix 2; note that the order of variables in these figures matches that in figure
1. Figures 2, 3, and 4 are organized into two primary sections: independent variables
(labeled with an “I'), and moderator variables (the parameters of the experiment as
listed by the researcher). All counts in these figures represent the number of experi-
ments. For example, in figure 2, Time Dispersion lists three groupings (synchronous,
asynchronous, and synch/asynch) that add up to 200; Task Support: Tool totals more
than 200 because researchers generally used more than one tool in an experiment.

Method

All studies were categorized and coded by the authors and then put into a data base
[35] that uses the experiment as the unit of analysis, and records and reports the results
at the level of the individual hypothesis within each cxperiment, yielding a total of
1,582 independent—dependent variable pairings. The following information was re-
corded and stored in the data bases:

« Experiments classified by author number and experiment number.

« Journal: Journal, conference, and year.

» Design: Experimental design type (i.e., 2 x [).

« Experiment parameters: group size, groups per treatment condition, total num-
ber of subjects, session lengths, number of sessions, and so on.

Contextual factors: established versus ad-hoc subjects, type of subjects (student,
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14 JERRY FIERMESTAD AND STARR ROXANNE HILTZ

Table 2.  Journal Counts

Journal Total
Academy of Management Journal

Accounting Management & Information Technology
ACM Transactions on Office Information Systems
Behavior & Information Technology

British Journal of Social Psychology
Communications of the ACM

Communication Research

Computers in Human Behavior

Computer Supported Cooperative Work Journal
Decision Science

Decision Support Systems

Group Decision and Negotiation

Human Computer Interaction

Human Communication Research

Information & Management

IEEE Transactions on Communication

IEEE Transactions on Systems, Man, Cybernetics
International Journal of Human—Computer Studies
International Journal of Man—Machine Studies
Information Systems Research

Journal of Management Information Systems
Journal of Applied Psychology

Journal of End User Computing

Journal of Information Science

Journal of Information Systems

Journal of Management

Journal of Organizational Computing

Journal of Personality and Social Psychology
Journal of Research on Computing in Education
Management Communication Quarterly
Management Information Systems Quarterly
Management Science

Omega International Journal of Management Science
Organizational Behavior and Human Decision Making
Organizational Science

Small Group Research

Sacial Psychology Quarterly

N

-

-h

-t

s
- W N D = O =N = =N = = NN HE YO WW=—= = LWwou s 0O = =W

Journal totals 147

graduates, and professionals), leadership, facilitation, and culture.

» Technology characteristics: type of GSS/CMC, brand name, time (synchro-
nous/asynchronous), proximity (decision room, distributed).

« Task characteristics: task type, complexity, and task name.
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Table 3.  Conference Proceedings Counts

Conference proceedings Total
Computer Human Interaction 1
Computer Supported Cooperative Work S5
Hawaii International Conference System Sciences 57
International Conference on Decision Support Systems 4
International Conference on Information Systems 13
Proceedings Academy of Management 1
Proceedings Collaborative Work, Social 1
Communication Information Systems

Working paper 1
Conference totals 83

+ Independent category: independent variables grouped into seven categories
(context, group, method, process structure, task, task support, and technology).

« Independent variables: 347 variables from the 200 studies; 29 unique variables.

» Dependent category: represents eleven categories of dependent variables (con-
sensus; effectiveness, efficiency; process gain, loss, issues, and variablcs; roles;
satisfaction; structuration; and usability).

« Dependent variables: representing 946 dependent variables, before combining
similar variables into categories, 120 unique dependent variables.

« Effect: four categories of results: 0 = no effects; 1 = positive effects, that is,
GSS > FtF; 2 = negative effects, that is, FtF > GSS; 3 = no measures (researchers
do not always report main effects); 4 = other effects, that is, interaction effects.

= QOutcome: represents ninety-seven different outcomes from the experiments.

What Has Been Studied: Contextual Factors

Technology

Task Support: Researchers have used task support as an independent variable twelve
times. Of these, cognitive feedback (statistical) has been used seven times (figure 2).

Task Support Tools.: The tools and procedures used are the fundamental cause of the
expected changes in process and outcome; yet most experiments seem (mistakenly)
to assume that all GSS are a standard “package” that will have the same effect.

The most frequently used task support tool is brainstorming (forty-four studies) for
idea generation, followed by voting (thirty-five), or some other form of ranking or
preference rating (twenty studies) for support of preference or decision-making tasks.
It is interesting to note that research on FtF groups suggests that Nominal Group
Technique (NGT) is more effective than brainstorming for idea generation [92].
However, NGT and alternative structures such as Dialectical Inquiry have generally
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ASSESSMENT OF GSS EXPERIMENTAL RESEARCH 17

not been built into GSS software. Although such structures for interaction can
conceivably be created solely through facilitator guidance or instructions to group
members, the only way to ensure that they are followed is to embody them in software.
It appears that there has been a tendency for the first tool tried to be accepted
uncritically by subsequent system designers.

A software-supported ability for a group to build a list and an imposed agenda are
described for five studics each; none of the other specific tools has been used more
than four times. In many instances the basic set of tools provided with the software
was available for use by the subjects. Hiltz and Turoff [43], Nunamaker, Dennis,
George, Martz, Valacich, and Vogel [63], and Dickson, Poole, and DeSanctis [25]
provide reviews of the tools available with EIES2, GroupSystems, and SAMM,
respectively.

Process Structure: There have been sixty-eight experiments that have manipulated
process structure. Of these, decision process has been investigated twenty-five times.
Anonymity was used as an independent variable in thirteen studies and proximity in
nine studies. Overall, 138 out of 200 studies have used identified subjects, whereas 27
percent (fifty-three studies) used anonymous conditions.

The “level” of the GSS or CMC system is a rough coding of its sophistication in
terms of GSS features and follows the descriptions of “level 17 and “level 2" systems
by DeSanctis and Gallupe [21]. The majority of the systems used (60.5 percent) are
level 1 systems, and another 3.5 percent compare level 1 and level 2 systems. Some
ofthe CMC systems are actually just e-mail and are not structured to keep an organized
and searchable record of the group discussion, as a conference is, but if that was what
was used, it is included. However, ten of the studies use CMC systems so “poverty
stricken” that we have labeled them “level 0,” because they do not provide even the
minimal features that would facilitate a rich group discussion. The most restrictive
and limited of these are systems with fixed screens designed with fields to be fiiled in
to support highly structured decision making for a specific task. For instance, for a
“choice dilemma” task, the screen might have a field for the short problem description
and a field for inputting a number between 1 and 10, which is the “answer” to the
choice. At the bottom of the screen of these “level 0” CMC facilities, there is often
only a single line, or in some cases, only half a line, which is the entire space allowed
to compose and send free text communication to other group members. “Chat’” systems
with split screens that allow one to view only a few lines of text, provide little or no
editing, and display what everybody is typing as they type it, letter by letter, are also
classified “level 0.” They give the users no control over what they see and what and
when they send; nor do they support the communication of well-thought-out and edited
contributions, or a reviewable transcript of the group discussion. Many of these “level
0” systems also send everything anonymously automatically, which is hardly condu-
cive to responsible group discussion behavior. One wonders if these systems were
designed to inhibit group discussion rather than to support it!

In addition to the type of system, proximity and time dispersion were classified.
Figure 2 shows that by far the majority of studies to date (132 of the 200, or more than
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18 JERRY FJERMESTAD AND STARR ROXANNE HILTZ

two-thirds) are in the Decision Room environment. An additional nineteen studies
used a condition with dispersed (two or more linked) decision rooms, and twenty-four
studies compared a face-to-face with a dispersed condition (most frequently CMC,
synchronous or asynchronous). Only sixteen studies used a fully distributed (asyn-
chronous; different times and places) condition, plus two more that compared syn-
chronous with asynchronous time dispersion.

The majority of studies (70.5 percent) did not employ a group facilitator to help
coordinate the interaction. In addition to contrasting facilitated with nonfacilitated
groups, one can purposely vary facilitator style, for example, a technical facilitator or
“chauffeur” versus a process facilitator or a human facilitator versus automated
facilitation. Most studies using GSS simply confound facilitator presence and style
with mode of communication. Nine experiments have examined facilitation as an
explicitly manipulated factor.

Communication Mode: By far the most frequently manipulated variable is communi-
cation mode, studied in a total of 119 experiments, or about 60 percent of the total.
The most common contrast is unsupported FtF groups versus GSS supported FtF
groups (fifty-five studies). This is followed closely by twenty-four studies comparing
groups communicating FtF versus CMC. A problem in many of these studies is that
the tools or processes built into the GSS or CMC or other type of computer-based
system are not available in any form to the FtF groups. Only six studies included a fuil
range of three modes: the unsupported FtF or “baseline” groups, FtF groups that are
given manual versions of the tools and processes (e.g., facilitation or an agenda or a
decision process), and the computer-supported condition. This is the only way to avoid
confounding the tools or processes or other supports, with the mode of communication.

The group support systems used have been classified into three primary types:
“DSS” (decision support systems), GSS, or “CMC” (computer-mediated communi-
cation). A DSS is designed to support an individual decision maker; six of the studies
employed this sort of system, generally with one terminal available to the group.
“GSS™ refers to a system primarily designed for a “decision room” application or other
synchronous (same-time) situation, which allows communication to take place via
audio and/or video media. The GSS consists of tools to enforce structure (e.g.,
anonymous brainstorming) on portions of the group’s communication and delibera-
tion, or to assist decision making (e.g., voting tools). The majority of the studies (67.5
percent) used a GSS.

CMC refers to a system designed primarily to support group discussion, such as a
computer conferencing system, that may or may not include GSS tools. A total of
fifty-nine studies (29.5 percent) used a CMC system.

Design: There have been only ten studies that compared GSS systems, or two or more
tools within a specific system. In terms of specific software, the most frequently used
system has been Arizona’s GroupSystems (or its predecessors, EDS/EMS/EBS,
PlexCenter, and Plexsys), used in sixty-four studies. Minnesota’s SAMM was the
platform for eighteen experiments, while NHT’s EIES or EIES2 was used in ten
published experiments, and unidentified or miscellanecous CMCs in twenty-two.
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Although a variety of systems have been studied, almost half of the experiments used
one of these three specific systems; thus, there is a very real question of whether the
findings thus far might be unduly dependent on the characteristics of these specific
systems.

Group

The group variables (see figure 1) have been treated either as independent or as
moderator variables and are labeled accordingly in figure 3.

Group Size: Sixteen studies have used group size as a manipulated variable, with small
versus medium-size groups (¢.g., six versus twelve) as the most frequent choice. Only
one study varying group size used groups larger than twelve.

Group Composition is even more troublesome; only eleven (or 5.5 percent) of the
groups were established rather than ad hoc, and over 90 percent usc students as
subjects. Twenty-five studies used group composition as an independent variable or
covariate. Members® degree of knowledge or skill related to the task is the most
frequently studied (seven experiments). Such potentially important factors as gender
composition and the use of established versus ad-hoc groups have been studied in only
four and three experiments each, respectively.

Member Characteristics: These potentially include any attnbutes of individual mem-
bers, such as their attitudes, personality traits, age, or previous experience with systems
or tasks. Only five different member characteristics have been studied, and, except for
leadership, each has been used only in a single experiment.

Leadership: One very surprising finding is that, out of the two hundred studies
reported, {88, or 94 percent, did not have leaders for the groups. This is surprising,
since most real work groups have a team or project leader.

Subject Type: Undergraduates were used as the subjects in 73 percent of the experi-
ments; 6.5 percent used professionals, and only 8 percent used solely graduate
students. Remus [74] reported that undergraduate subjects made poorer decisions than
did part-time M.B.A. subjects (all of whom were professionals workingonan M.B.A.).
This study is important because the objective of the technology is to improve
effectiveness. Remus’s study documents that it is the interaction of experience
working with the technology that produces effective performance. The experienced
managers made less-costly decisions, used more effective heuristics, and were less
erratic than undergraduate students.

Inanother study [28], retired professionals were compared with active professionals,
with and without technology (CMC versus no-CMC). An interaction effect between
retired and CMC treatments (retired with CMC outperformed any other combination
of groups) was found. CMC groups were more satisfied with the group and the process,
and had higher-quality decisions. The fact that there can be an interaction between
type of subject/user and the effectivencss of the technology emphasizes the need to
experiment with a variety of types of subjects. The issue of the generalizability of the
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results of GSS experiments, when they are so heavily based on the use of students, as
subjects will also be further explored at the end of this assessment.

In a more recent study, Briggs, Balthazard, and Dennis [4] suggest that there arc no
significant differences been executive managers and graduate business students in
evaluating technology. However, the results do not shed any light on a comparison of
decision-making skills and effectiveness.

Task

Task is the primary reason for the existence of the group. Poole, Siebold, and McPhee
[72] suggested that it alone could account for 50 percent of the variance in group
performance.

Type: McGrath [55] developed a task typology consisting of eight different task types
within four categories. The graphical representation of this typology differentiates
tasks on two dimensions. The first dimension classifies tasks on the basis of outcome:
intellectual (e.g., a decision) or behavioral (e.g., a “product” or action). The second
dimension uses the type of behavior of group members (convergent or cooperative,
versus conflicting). This results in eight task types.

We recoded task type to make the categorizations match the descriptions given by
[55, 56]. It was interesting to note that some tasks had been described by different
authors as belonging in two or three different categories. What we see is that only four
studies used task type 1 (planning), and only one used task type 6 (mixed-motive,
resolving conflicts of motive or interest). The most frequently used task type (used
104 times, or 52 percent) is the preference or decision-making task (type 4), for which
the preference of the majority is taken as the correct answer because there is no
objective measure of quality. The second most frequently used task type is creativity
(generating ideas, brainstorming), employed in 39.5 percent of the experimental
sessions. Intellective tasks were used 3| percent of the time. The intellective tasks
include the hidden-profile tasks that can also be labeled as decision-making and
cognitive conflict tasks. Given the laboratory settings of these studies, none used tasks
purely in the “execute™ quadrant, which includes psychomotor behaviors and contests
or battles, although one experiment did have a performance aspect, flying paper
airplane [2].

Task complexity has been varied in five experiments, while thirty have varied task
type. The most frequent task type contrast chosen for experimental design is intellec-
tive versus decision-making (preference) tasks, a contrast included in ten experiments.

Context

This includes environmental and organizational variables. Given that most studies
have used students in U.S. universities, for a single session, it is not surprising to find
that few context variables have been studied. Assessment of prior experience with a
system was varied in thirty-two studies. Culture (e.g., Singaporean versus American)
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22 JERRY FJERMESTAD AND STARR ROXANNE HILTZ

has been looked at in nine experiments. Obviously, this is an area of great neglect.

Another surprising finding is seventeen studies that investigated the effects of
experience in a GSS environment. This is important, since it takes time and practice
to become familiar with the task, technology, and interaction [56]. Time pressure was
also manipulated in two studies.

What Has Been Studied: Intervening Factors

The intervening variables include two major categories of variables: methods and
summary constructs (summary constructs are beyond the scope of this paper, see [29]).
Methods represent the basic tools available to the experimenter, such as experimental
design, task implementation, session length, number of sessions, and training (figure 4).

Method

Experimental Designs: Single independent variables (with two to five conditions)
were used in seventy-three (36.5 percent) of the experiments. The 2 x 2 factorial design
is the next most popular, accounting for 30.5 percent of the experiments, with various
other factorial designs accounting for another 33 percent. In most studies, subjects
served in only one experimental condition, but repeated measures designs were used
in 24 percent of the experiments.

Training: Training is the opportunity for the group to become familiar with the system
itself, the tools to be used, the procedures to be followed, and the other group members,
before being presented with a task to perform and generally a time limit in which to
accomplish this task. Sixty-seven studies do not report on this important detail of the
methodology at all. Another seventy-four mention that some sort of training was given
but provide no details. A total of eleven studies gave the group a practice task as part
of their training. When training is reported, it generally is of very short duration; the
mode is only five to ten minutes. Only fifteen studies used a total of an hour or more
of training before the group task was assigned.

The training variable is also notable because not a single study has specifically varied
it to determine the effects of various types and amounts of training.

Number of Sessions: 73.5 percent of the experiments involved group members in only
a single problem-solving session; thus, they had no opportunity to exhibit much
“adaptive structuration” of their use of the system based on experience. Fifty-one
studies were longitudinal (two or more sessions lasting one week to one year),
specifically looking for possible changes over time. Our theoretical framework
suggests that adaptive structuration will be an important process influencing the
outcomes of technological support for group decision making; such group learning
and reshaping of the technology in use takes time to unfold. Experiments using
longitudinal designs tend to show that groups require some experience in order to learn
how to coordinate their interaction using technological supports, particularly if they
are using spatially distributed or asynchronous modes of communication. For example,

|
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Chidambaram and colleagues [10] concluded on the basis of an early experiment using
a longitudinal design that GSS groups need time to learn the system; a later study [9]
concluded that asynchronous GSS groups require more than four sessions to learn how
to interact via the technology in ways that overcome its limitations. Hollingshead and
colleagues [45], in a thirteen-week experiment, found that FtF groups significantly
outperformed CMC groups for the first five weeks, but not in the last four weeks. Thus,
both theoretical expectations and empirical findings suggest that the results of single-
session studies, especially those lasting less than an hour total, will not be very
generalizable to organizational use.

Number of Subjects: Many of the experiments suffer from a low level of statistical
power because of the use of an inadequate total number of subjects, groups, and/or
groups per cell. For example, twenty-one studies use a total of fewer than fifty subjects
and seventy-six (38 percent) use a total of fewer than twenty groups. Almost 40 percent
of the experiments fail to consistently provide a groups-per-cell size of five or larger,
which might be considered a minimum to offer a reasonable chance of detecting
significant differences. Only ninety-two (or 46 percent) had at least ten groups per
cell, which generally provides fairly good statistical power (see part II for a more
detailed discussion).

Group Size: The modal group size is three, probably because this size enables one to
can obtain the largest number of groups with the smallest number of subjects. Four is
the next most popular, followed by group size five, probably for similar reasons,
making a total of 40 percent of the experiments using group size of four or fewer
members. Many experiments did not rigidly control group size; for example, twenty-
three studies reported a range of three to eight subjects per group, twenty-four
experiments reported a range of four to eight, and another fourteen reported a range
of five to ten. Altogether, only eight studies, or 4 percent, used group sizes of ten or
larger, which might be considered a dividing line between small, and medium-size to
large groups.

Figure 4 also shows a second categorical ordering of group size. Groups of two to
five members were used in 144 experiments (72 percent), of six to ten subjects in
nineteen studies (9.5 percent), and groups of eleven or more were used in only three
studies. Yet, as we shall review near the end of this assessment, both theory and
empirical evidence lead us to believe that GSS tools and processes can be most
beneficial for medium-size to large groups, rather than for very small groups such as
those with only two, three, or four members.

Task Implementation: This includes the specific tasks used, as well as the instructions
and specific wording, and the amount of time allowed. Over 140 different tasks were
used, but some tasks have perhaps been overused, such as the Foundation task (twenty
experiments). Figure 4 shows the most commonly used tasks. These eleven tasks have
been used in a total of ninety-two instances. The advantage of using a task that has
been studied in many other experiments is that one can make some indirect compari-
sons of results. The disadvantage of overuse of a specific task is that the body of
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findings from experiments may be an artifact of a narrow range of specific tasks on
which they were based.

Session Length: Almost one-fifth of the studies failed to report the length of the task,
which is an important methodological detail. Of those that do report a session length
or upper limit, 25.5 percent took less than half an hour. These tasks must have been
extremely simple. Another 24.5 percent took between thirty-one and sixty minutes;
these also could not be considered very complex tasks if they could be completed in
such a short time. Four studies investigated task complexity [7, 37, 41, 97] and found
that, as task complexity increases, the decision quality and depth of analysis improve
in groups using GSS. Thus, it is of concern that the majority of experiments studying
the effects of GSS used short, simple tasks that are probably least likely to need or
benefit from technological supports to the decision-making process.

Methodology Summary: What Needs to Be Studied?

[t must be emphasized that the following conclusions are based solely on GSS studies
using controlled experiments (laboratory or field) as the methodology. We plan to
conduct a similar survey of empirical studies using other methodologies (e.g., case
studies, surveys) in the future. Undoubtedly, such data will exhibit different patterns.

Gaps in the Experimental Research

The field of GSS is no longer new; all experiments published in the future should have
strong methodology and documentation. This includes adequate cell sizes, training
times, and descriptions of the specific task, system, tools, and facilitation used.

Table 4 summarizes our findings. The majority (90 percent of 230 papers) of
experimental GSS studies have been published in 1990 or later. Unfortunately, the
scope of this body of work and its external validity/generalizability for “real” problem
solving groups is weaker than would be hoped. And, despite the relative recency of
this body of work, most of it was done on what is aiready “outmoded” technology,
given the increasing persuasiveness of graphical user interfaces (GUI) such as
Netscape™ and of hypertext and hypermedia systems embedded in the World Wide
Web. This is not necessarily the “fault” of the experimenters, given the rapidly
changing technology, lack of software, and academic equipment budgets, which often
do not make it possible for research facilities to stay at the state of the art. However,
this situation does suggest that perhaps some earlier experiments (particularly ones in
which “no difference” was found between FtF groups and GSS supported groups using
what would now be considered “outmoded” systems) should be replicated using
Web-based GSS or conferencing systems, to see if the newer systems are more
effective.

The vast majority of experiments have concentrated on only a few of the potentially
important variables that should be studied. Notably, though a large proportion of future
use of GSS will probably be in fully distributed (asynchronous) or mixed-modes

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



26 JERRY FJERMESTAD AND STARR ROXANNE HILTZ

Table 4.  Summary of Findings on Methodology

Findings based on the 200 experiments

Contextual factors

Group proximity: 66% use decision rooms
12.5% were dispersed

Anonymity: 69% were identified
Facilitation: 70% did not use a facilitator
Communication mode: 67.5% used GSS technology
Group composition: 73% used undergraduates

Leadership: 94% did not use a leader

Group type: 95% used ad-hoc groups

Task type: 52% used decision making tasks

39.5% used idea-generation tasks

Intervening factors

Number of sessions: 73.5% used a single session

Training: 33.5% of the studies did not report any information about
training

Session length: 25.5% were less than 30 minutes in duration

50% were less than 1 hour
20% of the studies did not report the session length

Experimental design: 21% were 2 x 1

30.5% were 2 x 2
Groups per treatment 31% used fewer than 7 groups
condition:

46% used at least 10 groups
Subject per group: 72% used between 2 and 5 subjects per group
Total number of groups:  38% used fewer than 20 groups

38% used between 21 and 40 groups

conditions, most of the experiments have been conducted in same-time/same-place
“decision rooms.”

The tasks on which research has been conducted are clustered heavily in the
“preference™ and “brainstorming/creativity” sectors of the McGrath [55] typology.
This makes it difficult to obtain any objective measures of decision quality so that the
relative effectiveness of different modes and tools can be assessed. Very few experi-
ments have been conducted in the “difficult” task areas of planning, negotiation, and
conflict; however, if a system is to be employed for the full range of group tasks that
must be accomplished in long-term, complex projects, these are necessary group tasks
to support.

More worrisome than task type is the apparent lack of complexity of the tasks used
in most experiments. Exactly 50 percent (100 out of 200) of the tasks took less than
an hour total for the GSS groups to learn the technology, adapt to the group, and agree
on a decision or course of action. Generally, one would imagine that, if an organiza-
tional group feels that it needs technology to help support decision making, it would
be because the task was complex and lengthy. If not, then acquiring and/or traveling
to a special computer-based facility and learning how to use it would undoubtedly
seem like more trouble than it is worth!
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The nature of the individual subjects and the distribution of group sizes used in most
GSS experiments are also of concern. Only 5.5 percent of the studies used established
rather than ad-hoc groups, and over 90 percent used students as subjects. Using
students has some advantages, since the relative homogeneity of the subjects removes
a source of uncontrolled variance, and since most of them are familiar with computer
keyboards and do not require extensive training to acquire the basic skills necessary
to use a GSS. However, their motivation to maximize effort and quality of decision is
questionable, and they may also tolerate things that “real” users would never tolerate,
because they are used to doing as they are told by their instructors.

Group Size, Task Characteristics, and GSS Effectiveness: In terms of group size, most
experiments used groups of five or fewer subjects. Yet we know that GSS is generally
most helpful for larger groups. An Arizona study [20] comparing small (three-person),
medium (nine-person), and large (eighteen-person) groups showed that the larger the
group using the GSS, the better the performance and satisfaction of the group. Another
pair of experiments using GroupSystems varied group size from two to twelve and
concluded that the advantages of electronic brainstorming consistently become more
pronounced as group size increases [36]. Every other study varying group size [1, 18,
19, 20, 36, 46, 86, 87, 89, 91, 96] also showed larger groups outperforming smaller
groups using GSS.

One study [91] compared homogeneous and heterogeneous knowledge. The results
suggested that greater performance gains were achieved for heterogencous, large
groups.

Two studies investigating task complexity [7, 37] found that, as task complexity
increases, the decision quality and depth of analysis improve in groups using GSS.
Thus, the limited evidence that exists suggests that complex tasks and larger hetero-
gencous groups will benefit more from GSS, yet the experiments to date have mostly
used small homogenecous groups with simple tasks.

What Needs to Be Done

There is a need for future experiments to place more emphasis on the use of larger
groups of nonstudent subjects, using more complex tasks over a longer period of
time than has been typical. It is also time for more experiments to use a design that
explores how factors such as group size and task type and complexity interact with
specific types of tools and processes that can be provided by GSS, rather than
simply comparing GSS with baseline or “manually supported™ face-to-face
groups.

More important, there have been no published experiments using “anytime/any-
place” systems: the use of combined modes by task groups, over a period of time.
Likewise, state-of-the-art multimedia and/or Web-based systems need to be compared
with the prior generations of “flat” text systems. In sum, despite over two hundred
experiments, there are whole domains of GSS that have been left unexplored.
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Part II: Results

IN THIS PART, WE SUMMARIZE THE FINDINGS OF THE EXPERIMENTS, in terms of the
adaptation and outcome factors studied (listed in the unshaded portion of figure 1),
and the generalizations that can be made on the basis of variables for which numerous
studies have been conducted. We analyze and summarize the findings of the body of
experimental work on GSS by conducting statistical analyses on a database that
includes 1,582 hypotheses. The objective is not just to summarize what has been
studied and learned in the past, but to point to potentially fruitful research directions
for the future. What areas have been relatively neglected and are in need of further
study? Whatkinds of GSS configurations appear to have relatively better impacts than
others, and thus to be promising for further development and study?

First we describe the methods used to conduct this analysis. Then we look at the
overall counts for what adaptive and outcome variables have been used (figures 5 and
6). This is followed by a summary of results for the most frequent experimental design,
which compares GSS with the nonsupported FtF mode, in terms of the kinds of
outcomes for which GSS are more or less effective (Table 5). Then we ask, under what
experimentally induced circumstances (corresponding to the shaded portions of figure
1) is GSS most effective (Table 6)? The remaining tables and sections begin to explore
the data that underlie Tables 5 and 6 by looking at the details of results for sets of
independent and control variables for which there are a substantial number of studies:
group proximity, anonymity, time dispersion, GSS levels, communication mode,
group size, task type, session length, and number of sessions. We also examine several
of the major hypotheses (Other and Interaction Effects) where the researcher tested
something other than GSS > FtF. Finally, we recommend directions for future
research.

Method: Analysis Versus Metaanalysis

A metaanalysis works with percentage of variance explained. Unfortunately, this
statistic is not reported in a large number of published studies. For this assessment, we
strove to include all experimental results, even those that employed nonparametric
tests. The unit of analysis is the hypothesis; results are included in our counts for
“positive” or “negative” effects only if they were significant at least at the 0.05 level.

It must be noted at the outset that the statistical patterns discovered in this analysis
do not “prove” causation. Because of the strategy of the analysis, hypotheses tested
using poor methodological procedures (such as a small number of subjects or of
groups, or an invalid operationalization of variables) are given the same weight as
hypotheses tested using excellent experimental procedures. And, of course, there is
the danger that apparent correlations are spurious due to confounding with other
variables. For example, we note that, somewhat inexplicably, groups with six to ten
members result in substantially poorer outcomes than either smaller or larger groups.
It could be that experiments using this group size also were more likely to measure
negative outcomces than other experiments, or were more likely to use too few subjects
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and groups to detect significant positive effects. Such patterns suggest areas for careful
experimentation in the future and/or multivariate analysis of the experiments in our database.

Frequency with Which Process and Outcome
Variables Have Been Studied

For the analyses presented in this part, the database consisting of 1,582 independent—
dependent variable pairings was tabulated in terms of categories of the adaptation and
outcomes factors that have been used in the experiments. Four hypotheses tested
summary variables from the intervening factors category; these are included as part
of the 1,582 hypotheses.

Adaptation Factors

Figure 5 shows the total number of hypotheses tested in all the GSS experiments,
which examined each of the types of variables classified as “Adaptation Factors.”
According to Adaptive Structuration Theory [22, 23, 70, 71], group outcomes are
determined not by the effects of single elements (such as technology and task
characteristics) but by a complex and continuous process in which the group appro-
priates those clements. These factors have been relatively ignored in GSS experiments;
only recently have they been treated in a number of studies, with a total of forty-six
tested hypotheses appearing in the literature. The four dimensions of the construct
have to do with how the system is transformed into rules of interaction and resources
that are actually used: level of use, attitudes toward the GSS, level of consensus, and
level of control. Measures of attitude toward the system and degree of comfort with
it account for twenty-seven of these hypotheses, with the other dimensions looked at
very infrequently. The process variables have been examined in 146 instances. The
most frequently studied ones are effects on participation equality and the related
dimension of relative influence (ninety-eight hypotheses total). Process issues have
been examined forty-four times, with the concepts of social pressure and social
information processing accounting for the majority of these.

Experimenters have been relatively optimistic about how GSS would affect process:
They have studied process gains more frequently (142 tests of hypotheses) than
process losses (71). Within the category of process gains, the most frequently studied
phenomena have been effects on choice shifts (also called “risky shift” studies,
because of the generally observed tendency for groups to make more risky decisions
than individuals), with thirty hypotheses tested. The tendency of GSS to increase the
number of critical comments made by group members has been examined twenty-
three times. The most frequently studied process losses are production blocking,
flaming, and evaluation apprehension, with thirteen, fifteen, and nineteen hypotheses
tested, respectively.

Intermediate role outcomes is a relatively new category set of dependent measures
[98] and have been studied in twenty-two instances. Leadership roles and issues have
been examined in only ten hypotheses.
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QOutcome Factors

Of all the dependent variables studied (figure 6), it is natural that various aspects of
group effectiveness have received the most attention (56 percent, 617 out of 1,103
total outcome factor measures). Aspects of decision quality, such as overall quality,
idea quality, and the like have been measured most frequently. Productivity (167
mecasures) has often been measured in terms of the numbers of ideas, alternatives, or
comments generated. Surprisingly, creativity (assessed directly in contrast to counting
the number of ideas generated; see Ocker et al. [66, 67]) as an aspect of the quality of
the group product has been studied very little, with only six tested hypotheses.

Communication has been measured in 162 instances. Of these, measures of the
number of comments have been examined 148 times.

Various dimensions of subjective satisfaction are next most studied after effective-
ness (280 times, or 25 percent of the hypotheses), including process satisfaction,
decision satisfaction, general satisfaction, and so on. Of the remaining outcome
variables, efficiency (ninety-seven hypotheses) is most often measured in terms of
decision time. Consensus has been studied much less frequently (sixty-seven times)
than effectiveness or satisfaction. Finally, system usability as an outcome has been
measured (forty-two instances) in a variety of ways, but most frequently as willingness
to work together again (nine times).

Tests of Hypotheses

What are the results of all these tests of effects on dependent variables? In order to try
to make sense of the findings, we have identified several sets of independent variables
that have been explicitly tested or at least recorded quite frequently, the specific type
of GSS used (synchronous, asynchronous, etc.), mode of communication, group size,
and session length (which may be considered a proxy for task complexity). For all
studies testing hypotheses that compared GSS with face-to-face (FtF) communication
modes, these independent variables have been cross-tabulated by all dependent
variables combined, and for separate groups of dependent variables (satisfaction,
consensus, efficiency, effectiveness, all structuration or process variables, and usabil-
ity). The following sections present the results of these analyses.

The results for Table 5 are shown in terms of the proportion of studies comparing
GSS and (unsupported) FtF that resulted in “positive” effects (GSS results were
significantly better than FtF results, at the 0.05 level), “negative effects” (FtF was
better than GSS), or no significant effects, as well as the number of studies using these
variables for which no main measures were reported, or for which relationships other
than contrasts between FtF and GSS groups were tested (other effects and interaction
effects). The columns headed “Percentage of positive effects” ¢. “Percentage of
negative effects™ are the ratio of significant “positive” or “negative” findings to the
total number of “positive” plus “negative” plus “no effect” findings (i.e., the “No main
effect measures” and “Other effects and interaction” columns are included). The
“Ratio positive/negative effects” column computes only the ratio of positive results
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to negative results; 1.0 would be equal, for instance, and numbers greater than 1.0
indicate that positive results are more likely than negative results in the body of
completed experiments. In the discussions, in determining which variables have
produced the most positive results, we must take both of these ratios into account.

Which Independent Variable Manipulations Have Most Frequently Resulted
in Significant Differences Between GSS-Supported and -Unsupported Groups?

Table 5 shows the hypothesis counts for all of the independent variables. The first
independent variable category examined is technology, following from figure 1; 63
percent of all the hypotheses have been tested on some aspect of technology. The
remaining 37 percent are divided among group (14 percent), task (13.5 percent),
context (9 percent), and method, which accounts for less than 1 percent.

The overall results, shown in the bottom row, indicate that there are 16.6 percent
positive effects observed for all hypotheses tested in all GSS studies. Furthermore,
negative effects very slightly outnumber positive effects (164 versus 158, respec-
tively), resulting in a ratio of positive/negative effects equal to approximately 1.0. The
modal result is “no significant effects” observed (628 of the 950 hypotheses for which
main effects for GSS versus no GSS were reported). These are fairly discouraging
results and suggest that a change in focus and/or methods of future GSS experiments
would be advisable (see the discussion section at the end).

Communication mode represents 33.5 percent of the total hypotheses and 29.2
percent of all of the positive effects. Thus, ignoring the methods variables for which
only four hypotheses measured main effects, “communication mode™ is the answer to
the question posed in the heading for this section.

Manipulations in process structuring have been examined primarily for the way they
interact with technology, rather than for main effects (173 hypotheses). These other
effects and interaction hypotheses are discussed further below.

The other context factors and intervening factors represent only 37 percent of the
total hypotheses. These independent variable categories have resulted overwhelm-
ingly in “no difference” and accounted for very few positive effects.

For Which Dependent Variables Are the Results Most Positive?

In short, the answer to this question is the overall effectiveness of the group decision.
Table 6 examines relative favorableness of results from the other direction, dependent
variable categories. It gives the overall count by dependent variable (type and
category) for the results of the tests of hypotheses.

As noted above, for most dependent variables, disappointingly, “no significant
difference” is the modal result. Negative effects are more prevalent than positive
effects for many categories of dependent variables. Process gains were somewhat less
likely with GSS than with FtF, as were outcomes categorized as “process issues” in
Table 6, while process losses were just as likely to occur with GSS as without. Since
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GSS are generally intended specifically to increase process gains and decrease process
losses, this is a most discouraging result.

The (important) exception to these dismal results is the key dependent variable of
effectiveness, which accounts for almost 40 percent of the measures and yields 21.0
percent positive results with a positive ratio of 1.7. The structuration variables, which
only account for 2.9 percent of the total number of hypotheses, have 25.0 percent
positive effects and a positive ratio of 6.0. However, for consensus, GSS had a
negative effect in 15.4 percent of the tests, compared with positive results for only two
hypotheses, yielding 7.7 percent positive outcomes for consensus. It is obvious that
the relative lack of ability to reach consensus is a problem for groups using GSS.

Comparisons Among GSS Technologies

Table 7 shows the results by communication mode and the specific type of GSS
technology, using all dependent variables. The results, in general, show that CMC
systems have yielded about the same proportion of positive effects in contrast to GSS
systems (17.6 percent and 16.2 percent for CMC and GSS, respectively). GSS systems
have a higher ratio of positive to negative effects, 1.3 to 0.7 for the CMC systems.
However, there appear to be no substantial differences among the GSS decision room
systems, the synchronous CMC systems, and the asynchronous CMC systems in terms
of relative outcomes, when all dependent variables are considered.

Comparisons Among Process Structures

Table 8 shows comparisons of process structures for which there are a substantial number of
studies. These include: anonymity, time dispersion, proximity, GSS level, and facilitation.

Anonymous Versus Identified Conditions: As pointed out by Valacich et al. [88] and
by McLeod [58], anonymity has different components or “types.” In some cases, the
group knows who the members are but cannot identify individual contributions. In
other cases, members do not even know who belongs to the group. Individual
contributions may be simply “anonymous,” or not attributable to any individual; or
they may use “pen names” or “‘pseudonyms,” in which case there is a kind of “persona”
to whom a series of contributions is attributed. These different forms of anonymity
may have very different effects. The overview of results in Table 8 combines all of
these different forms of anonymity. Overall, there is an advantage in favor of identified
versus anonymous conditions; for example, 19.1 percent and 16.7 percent, respec-
tively. However, anonymity is one of those variables for which interaction effects are
especially prominent. For example, drilling deeper into the data set (not shown in
Table 8), the positive effects increase to 24 percent for anonymous groups working
on idea-generation tasks and decrease to 13 percent and 10 percent, respectively, on
intellective and decision-making tasks. Conversely, under identified conditions, the
highest positive effects are on decision-making tasks (22.6 percent), while lower levels
are observed on intellective (9.6 percent) and idea-generation tasks (18.8 percent).
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Thus, the results suggest that anonymity may be best suited for creativity tasks, for
which GSS outcomes are relatively better than other types of tasks. The intricacies of
the effects of anonymity are beyond the scope of this paper, and warrant a separate
analysis and summary (see below).

Time Dispersion: Synchronous studies account for 91.5 percent (1,447 of 1,582) of
all the hypotheses examined and produced 16.7 percent positive effects. On the other
hand, asynchronous hypotheses only account for 7.4 percent of the total and resulted
in 20.3 percent of the positive effects. Thus, the probability of positive outcomes is
slightly better for the asynchronous technologies.

Proximity: Decision room settings account for 64 percent of the hypotheses that have
been tested, and have produced 18.2 percent positive results (compared with 16.6
percent positive results for all proximity modes combined) and a positive ratio of 1.3
(compared with an overall ratio of 1.0). Distributed settings account for the other
one-third (35.9 percent) of the hypotheses and yield only 14.1 percent positive results.
In addition, distributed settings have almost twice as many negative effects as positive
effects (ratio positive/negative effects = 0.6). Thus, results are relatively more favor-
able for decision room conditions than for the various types of distributed (synchro-
nous or asynchronous) conditions.

Obviously, more research is needed in the asynchronous and distributed areas. With
the millions of people using the Internet and the proliferation of Web-based GSS and
CMC systems, this is the type of system that is most likely to be used in the future,
whereas most of the studies have been on synchronous decision room GSS.

Levels: The “level” of the GSS or CMC system is a rough coding of its sophistication
in terms of GSS features, and follows the descriptions of “level 17 and “level 27
systems by DeSanctis and Gallupe [21]. The majority of the systems used (65 percent)
are level | systems, and another 3.4 percent compare level 1 and level 2 systems. Some
of the CMC systems are actually just e-mail and are not structured to keep an organized
and searchable record of the group discussion, as a conference is, but if that was what
was used, it is included. However, nine of the studies use CMC systems so “poverty
stricken” that we have labeled them “level 0” because they do not provide even the
minimal features that would facilitate a rich group discussion. The most restrictive
and limited of these are systems with fixed screens designed with fields to be filled in
to support highly structured decision making for a specific task. For instance, if there
were a “choice dilemma” task, the screen might have a field for the short problem
description, and a field for inputting a number between 1 and 10, which is the “answer”
to the choice. At the bottom of the screen of these “level 0" CMC facilities there is
often only a single line, or in some cases, only a half of a line, which is all the space
allowed to compose and send free text communication to other group members. “Chat”
systems with split screens that allow one to view only a few lines of text, provide little
or no editing, and display what everybody is typing as they type it, letter by letter, are
also classified “level 0.” They give the users no control over what they see and what
and when they send, nor do they support the communication of well-thought-out and
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edited contributions, or a reviewable transcript of the group discussion. Many of these
“level 0” systems also send everything anonymously automatically.

The results are somewhat surprising in that there is about the same 15 percent
proportion of positive outcomes for level 0 systems as for level 1 systems; this may
be because the problems for which the simple systems were constructed are also very
simple. However, the level 1 systems have a much better ratio of positive to negative
outcomes (0.9 versus 0.5). Level 2 systems have slightly more positive results than
less sophisticated systems, and definitely a better ratio (1.3). Thus, the consistent shift
in the ratio of positive to negative significant results as the level of sophistication is
worthy of note.

Facilitation: GSS groups that are facilitated have a markedly greater likelihood of
producing favorable effects than unfavorable effects in comparison to nonfacilitated
groups (a ratio of 1.9 versus 0.8). It is notable that this difference is produced not by
a larger proportion of positive effects but by a smaller proportion of negative effects,
when a facilitator is present. Thus, it would seem that the main function of a facilitator
might be to help the group avoid process losses or to serve other problems that might
otherwise lead to negative outcomes from the use of GSS. This is further supported
by Lewe [54], who reported that the effect size for computer supported facilitation is
about twice that for facilitation alone.

Comparisons Among Group Factors

Table 9 presents results for two aspects of group composition that are frequently
controlled and reported, group size and the type of subject used. -

Group Size: Trying to cross-tabulate results by the size of the groups used is compli-
cated by the fact that a large number of experiments allowed group size to vary, either
deliberately or accidentally (because of “no shows,” etc.) The categories we used are
experiments where the group size varied roughly between three and five members
(small groups), six to ten members (medium-size groups), and group sizes of ten to
twenty (larger groups).

The seminal theoretical framework by DeSanctis and Gallupe [21] used “small”
versus “large” groups as one of the primary contingency factors that must be taken
into account in designing GSS, and subsequent GSS researchers appear to concur in
the belief that the size of the group interacts with the types of communication
technology and tools that will be helpful to support group processes. However, there
is no agreed-upon dividing line between “small,” “medium,” and “large” groups, and
studies of larger groups (e.g., ten or more members) are logistically difficult because
of the size of the GSS facilities needed and/or the total number of subjects required
for an experiment using larger group sizes. This circumstance, in addition to the
disappointing fact that a substantial number of studies have not controlled group size
rigorously enough to fit into even a fairly broad category, means that we do not have
very many hypotheses that have been tested for larger groups (only twenty-five total).

Nevertheless, there is a very striking difference in results reported associated with
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size of the groups. The smaller groups have 10.0 percent to 16.8 percent positive
effects and as many positive effects for GSS as negative effects reported. For
medium-size groups, the proportion of positive effects drops to about 9 percent, and
there are less than half as many positive effects as negative effects. This difference
between groups of three to five versus groups of six to ten would not be expected on
the basis of current theoretical frameworks and needs to be investigated directly.

When we move to the larger groups of ten to twenty members, the predicted increase
in utility of GSS as group size increases does indeed manifest itself: 36.4 percent of
hypotheses about these larger groups resulted in GSS groups doing better than
unsupported groups, and no negative effects were observed. This may be one reason
why field studies of GSS seem to give more positive results than laboratory studies;
field studies are much more likely to involve larger groups.

Subject Type: Turning to the type of subject studied, we once again note that the types
of groups that it is logistically easy to study (undergraduate students) are much more
prevalent than the types of subjects who are most likely to be able to benefit (graduate
students, who are likely to have had some work experience, or “professionals,” which
in this context means anybody who has a job rather than being a student). When we
look at the pattern of results, they are just about opposite to the pattern of subjects
used. For groups composed solely of undergraduate students, only 15.4 percent of
results were positive. Negative results were as likely as positive results. By contrast,
for studies using graduate students (44.4 percent of tests of hypotheses) yielded
slightly more positive results for GSS, and positive results were 6.0 times as likely as
negative results. However, care must be taken with this percentage since there are only
thirty-nine hypotheses in this category. For groups composed of professionals rather
than students, results were overwhelmingly “no difference” (73 percent), with 13.5
percent positive and 13.5 percent negative. These latter percentages are based on only
7.8 percent of the hypotheses (123 out of 1,582)—=so few that we really cannot say
that we know very much about nonstudent users of GSS in terms of results from
controlled experiments.

It should also be noted that we have done a poor job in controlling the subject type
in our experiments. Simple inspection of Table 9 shows that undergraduates have been
mixed in with graduates, M.B.A.s, or both. It is quite possible that a mixed subject
type can be responsible for group variations, which lead to more “no effect” results.

Comparisons Among Task Types

Both Hollingshead and McGrath [44] and Dennis et al. [16] suggest task type can
moderate the effect of a GSS. Table 10 also reflects those observations. Compared
with overall positive effects of 16.6 percent, when organized by task type, the
percentage increases to about 21 percent for task types 4 (decision making) and 5
(mixed motive), whereas it decreases to 11.3 percent for task type 3 (intellective).
Although task type 2, idea generation, does not have a particularly high percentage of
positive effects, it does have relatively few negative results, and thus an outstanding
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ratio of positive to negative effects (2.4). The best proportion of positive effects appears
for task type |, planning tasks, but this is based on very few studies and hypotheses and
thus can be taken as suggestive of an area for future experimentation, at best.

These results are then broken down according to whether they occurred for GSS
type support or CMC type support, in the bottom portions of Table 10. Several
unexpected results are observable when looking at the interaction of task type and
system type in this manner. Although the overall proportion of positive effects is the
same for the two types of systems, the pattern of variation around the mean differs.
This is most striking for idea-generation tasks: It is obvious that CMC systems are
fairly effective when used with tasks requiring decision making. For all variations
(CMC synch, CMC asynch, CMC combined; this breakdown is not shown in the table)
positive effects are close to 30.0 percent and are much more likely than negative
effects. By contrast, for GSS systems, positive effects are only 16.6 percent and
negative effects are more likely. Thus, results suggest that CMC is highly effective
when used in decision-making situations, as compared with GSS.

For mixed-motive tasks, the pattern is the opposite: GSS systems appear much more
effective than CMC systems, though the number of studies and hypotheses on which
this contrast is based suggests that direct tests of such an association are needed. For
intellective tasks, the differences are in the same direction and, though not as striking,
are based on much more data; positive results for CMC systems are a low 7.9 percent,
compared with 14.4 percent for GSS systems.

However, the results for GSS groups using idea-generation tasks do not support
others’ observations [ 16, 32, 44] suggesting that task type moderates GSS use and that
GSS groups perform better when using idea-generation tasks. The positive effects
percentage drops to 15.0 percent for GSS, while it is 18.9 percent for CMC systems.
The ratio of positive to negative effect is higher for GSS at 2.8 (versus 1.4), however.

Further analysis, adding number of groups per treatment condition as a third
dimension (see Table 12) reveals that, of the 501 hypotheses examined for GSS groups
using idea-generation tasks, 52.9 percent (265 of 501) had six groups or less per cell.
The positive effects drop to 9.4 percent for the studies that had six groups or less per
cell (with the vast majority of these experiments with small Ns of groups per condition
showing “no significant difference”), while for studies with seven to ten groups per
cell, the positive effects are increased to 29.0 percent. The results reported here support
earlier assertions that statistical power is very important in GSS research [6, 30, 32].
The experiments that had at least seven groups or more per cell support the observa-
tions of [16, 44] that GSS groups perform better when using idea-generation tasks.

Comparisons Among Intervening Factors—Session Length

Session length (Table 11) can be considered a proxy for the overall complexity of the
task being solved by the group. Many experiments reported variations in session length
rather than holding it constant; however, we can make rough categories for the
synchronous modes of GSS consisting of ten to thirty minutes as the shortest sessions,
thirty to sixty minutes as medium-length, and one to two hours as longer meetings.

o
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After this, meeting length goes to the days to weeks range, for the asynchronous
conditions.

For all dependent variables combined, there are inconsistent changes in the propor-
tion of outcomes for which GSS is significantly better than FtF groups. The highest
positive effect (25.2 percent) is in the sessions with a length of less than a half-hour.
For sessions between thirty and fifty-nine minutes, the percentage drops to a low of
9.4 pereent. The positive effects then increase to 19.8 percent for sessions of one to
three hours and 20.3 percent for asynchronous meetings. The best overall ratio of
positive to negative effects occurs when there is no limit placed on session length.
Although based on a relatively small number of hypotheses, this suggests that, even
in experiments, GSS should more frequently be used as it would “naturally™ be adapted
by groups, that is, let the groups take as long as they need to finish. We know that
generally groups are less efficient with GSS than FtF; if session length is cut off at
what is needed for FtF groups to complete their task, then it seems obvious that this
will often not be enough time for groups typing their ideas rather than speaking them,
and that quality will thus suffer because the groups do not have enough time to
complete the group processcs.

Comparisons Among Intervening Factors:
Groups per Treatment Condition

In a preliminary report [30] it was suggested that experiments with fewer than seven
groups per treatment condition had a lower probability of observing a positive effect
for GSS over FtF. Partial support for those results are reflected in the groups per
treatment condition portion of Table 11. Experiments with fewer than six groups per
treatment versus eleven or more yield 14.2 percent and 14.3 percent positive effects,
respectively. The percentages increase to 22.3 percent for experiments with seven to
ten groups per treatment condition.

There is no logical reason why a dip in significant positive effects should occur for
the highest levels of statistical power (e.g., increasing groups per cell from eight to
twelve); there is probably something about these very large studies that confounds the
results. However, as the results in Table 12 show, we have not been able to find an
explanation for this anomaly.

In order to determine if these observations are further moderated by task type and
GSS type, a detailed analysis is provided in Table 12. The results clearly suggest that,
for both GSS (20.2 percent) and CMC (21.3 percent) technology conditions, higher
positive effects occur in experiments with seven to ten groups per treatment condition.
Further moderation also is observable by task type. When GSS technology is em-
ployed for use on idea-generation tasks or decision-making tasks, the positive effects
increase to 29.0 percent and 24.4 percent, respectively, for studies with seven to ten
groups per treatment condition. Similar findings are shown for CMC technology. The
highest ratios of positive to negative effects (4.5 and 3.5) are also observable for this
group per treatment condition range.
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Other Effects and Interaction Effects

This section is concerned with the analysis of the “other” 28 percent (438 out of 1,582)
of hypotheses that did not test main effects of GSS technology. Table 13 is a cross
tabulation of the independent—dependent variable pairings: 58.2 percent of these
hypotheses tested effects of variables from the technology category. Of these, the most
frequently examined was process structure, representing 173 hypotheses. Other con-
textual factors that contribute to this category are: context (33 hypotheses), task (60
hypotheses), group (89 hypotheses), and method (1 hypothesis). Drilling further down
(Table 14), anonymity, decision process, levels, proximity, context, task, and group
size deserve further discussion.

Anonymity. Hypotheses concerning differences between anonymous and identified
groups have been tested thirty-three times. Twenty of these hypotheses have resulted
in anonymous conditions being significantly better than identified conditions. Effec-
tiveness (measured by number of comments, ideas, and comment types) and process
gains (measured by clarifications and critical comments) represent the two largest
counts of significant effects, nine and six, respectively [12, 48, 50, 87, 95]. However,
identified conditions have been significantly better than anonymous conditions ten
times, five of which measured effectiveness (measured by number of comments [59],
perceived effectiveness [89], number of ideas [48], and decision quality [39]).

Decision Process: Decision-process-related hypotheses have been investigated sev-
enty-nine times (Table 13). More than 50 percent (forty out of seventy-nine) have
examined effectiveness. Table 14 highlights the decision process details. Multiple
questions versus single questions have recently been investigated [83]. The results
suggest that multiple questions are significantly better than a single question.

Structured conflict has been studied by three investigative teams [33, 84, 90]. The
results suggest that some form of conflict (devil’s advocacy or dialectical inquiry) is
significantly better than nonconflict approaches.

One study [49] accounts for all of the collaboration hypotheses. The results suggest
that collaboration is a very effective process for improving the overall group effec-
tiveness.

Levels: Three experiments investigated hypotheses on GSS levels [26, 75, 94]. The
cvidence indicates that level-two GSS systems are more cffective than level-one GSS
systems.

Proximity: The results of distributed versus proximate systems are two to one in favor
of distributed systems. Researchers [8, 11, 50, 89] have shown that quality has
improved, more comments are generated, and more and higher-quality ideas have been
generated by distributed groups. Other studies, not classified as investigating proxim-
ity [66, 67] further suggest that distributed asynchronous CMC groups generate
higher-quality and more reports than do proximate face-to-face groups.

Context: Context variables have only recently been studied (five of eight studies were
published in 1996 or 1997). Eleven of the thirty-three context hypotheses have dealt
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with culture [13, 60, 61, 93]. The results suggest that Singaporans tend to achieve
higher levels of consensus {90], and Mexicans are more satisfied than Americans [60],
while Americans are more effective at generating ideas and unique ideas [61].

Group Size: This category aggregates the group size independent variable. Studies
have compared larger groups to smaller groups (see the bottom of Table 14). The
results overwhelmingly show that larger group sizes are significantly better than
smaller sizes.

Task: Of the three studies that have investigated task complexity [7, 37, 97], two
studies report [37, 97] that GSS groups working on higher-complexity tasks outper-
form GSS groups working on low-complexity tasks. The business world is constantly
faced with higher and higher task complexity as we move toward the next century.
This is an area that demands further investigation. Similarly, task equivocality has
been studied in twenty-one instances and is an area ripe for investigation.

Task type has been investigated in thirty-one instances by four researchers {45, 76,
82, 83]. The results suggest groups have higher levels of consensus when using
intellective tasks compared with preference or decision-making tasks.

Summary and Discussion of Results

How can networked computers be used to improve the process and outcomes of group
meetings? For over a decade, this has been researchers’ Holy Grail. They have devised
a variety of computer-based tools and processes supported by software and/or human
roles, and used with different combinations of communication modes; studied their
effects for different types of groups and tasks; and have most typically assessed their
success through controlled experiments. Nunamaker, Dennis, Valacich, and Vogel
[64] suggest that different technology configurations produce different and often
conflicting results. Clearly, this is further supported in this analysis. Our objective was
to present a detailed assessment of the empirical results for experimental studies of
group support systems (see Table 15 for a summary of the results). In particular, we
are interested in summarizing the findings on the extent to which and conditions under
which GSS is “better” or “worse” than unsupported face-to-face meetings.

Overall, the results suggest that there is an overwhelming tendency to find “no
significant differences™ between unsupported face-to-face modes and the types of
group support systems that have been studied thus far. Less than one-fifth of the
findings, overall, support hypotheses that GSS use is better than face-to-face methods
(GSS > FtF). This is consistent for both CMC systems (using computer networks to
connect participants in different locations, either synchronously or asynchronously)
and for decision-room GSS. Adding task type as an additional control variable, we
observe more positive results when CMC systems with task type 4, and GSS with task
type 2, are compared to face-to-face conditions.

Thus, in accordance with DeSanctis and Gallupe [21] and like observations made
by Hollingshead and McGrath {44] and results reported by Dennis et al. [16], task type
does moderate GSS use. The results reported here suggest that GSS decision-room
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Table 15.  Summary of Results

Percentage positive

Results results
Positive results (GSS > FtF) 16.6
No effects (GSS = FtF) 66.1
Independent variables 66.1
Technology 215
Communication mode 282
Dependent variables
Structuration (GSS > FtF) <7250
Effectiveness (GSS > FtF) 21.0
Consensus (GSS > FtF) 7.7
Communication mode
GSS (GSS > FtF) 16.2
CMC (GSS > FtF) 17.6
Process structure
Anonymity (GSS > FtF) 16.7
Identified (GSS > FtF) 19.1
Anonymity x task type
Anonymity—idea generation (GSS > FtF) 24.0
Identified—decision making (GSS > FtF) 22.6
Group factors
3-5 subjects per group (GSS > FtF) 16.8
Undergraduates as subjects (GSS > FitF) 15.4
Task type
Idea generation (GSS > FtF) 15.5
Intellective (GSS > FtF) 11.3
Decision making (GSS > FtF) 211
GSS Technology x task type
GSS x idea generation (GSS > FtF) 15.0
CMC x decision making (GSS > FtF) 28.7
Intervening factors
Session length: 1029 minutes (GSS > FtF) 25.2
Groups per treatment condition:
Fewer than 6 groups (GSS FtF) 14.2
7—10 groups (GSS > FtF) 22.3
11 groups and up (GSS > FtF) 14.3
Groups per treatment condition x GSS type x task type (GSS > FtF)
GSS: idea-generation tasks, fewer than 6 groups 9.4
GSS: idea-generation tasks, 7—10 groups 29.0
CMC: idea-generation tasks, 7—10 groups 22.7
GSS: decision-making tasks, fewer than 6 groups 15.5
GSS: decision-making tasks, 7—10 groups 244
CMC: decision-making tasks, fewer than 6 groups 29.7
CMC: decision-making tasks, 7—10 groups 53.8
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Table 15. Continued

Results ____Ratio positive/negative
Process structures

Level 0 0.5

Level 1 0.9

Level 2 13

technology has the highest probability of aiding groups performing idea-generation
tasks in comparison to other task types, provided the study had sufficient statistical
power of at least seven groups per cell. This may be because idea generation benefits
from independent cogitation and does not require a great deal of agreement, or other
forms of social-emotional interaction.

CMC systems provide a less “rich” environment than do decision-room GSS.
Perhaps, the group members can have time to reflect and digest the decision alterna-
tives before deciding on a final decision. This might heip explain why CMC groups
working on a decision task have more positive results.

Based on 200 experiments spanning almost thirty years of research, we observe 16.6
overall percent positive effect (see Tables 5 and 15) due to GSS use compared with
face-to-face methods. We will set this limit as our benchmark for interpreting the
detailed results on the dependent category variables. Then, the overall results on the
categories of dependent variables (Table 6) suggest that the use of GSS has relatively
more positive impact on effectiveness (21.0 percent), process variables (18.8 percent),
role outcomes (18.2 percent), and structuration (25.0 percent). Negative impacts are
associated with efficiency (17.2 percent), which is mostly decision time. GSS groups
take longer to complete their tasks than do FtF groups.

In addition to variations associated with the type of GSS and its interaction with
task type, we note that results are significantly more positive, particularly in terms
of effectiveness, when GSS is used on larger rather than small groups, and on more
complex problems that can best benefit from computer support for analysis (as
measured by the proxy for task complexity, total meeting time required). The
irony, as noted in the first part of this review, is that most experiments have been
on small groups doing simple tasks, probably because these are the easiest to study
in terms of quickly running groups through experimental conditions to obtain
“results.”

Using these results as the starting point for future research, our objective is to find
ways to improve the design and use of GSS. Field studies [14, 17, 73] tend to show
that the use of GSS actually reduces meeting time; thus, efficiency is improved. To
summarize our results in terms of an experimental design that would be most likely
to generate relatively positive effects; it would:

» Use a “level 2” system with sophisticated analysis tools built in.
« Use subjects who are likely to be knowledgeable and motivated about the task,
such as graduate students rather than undergraduates.
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» Aggregate the subjects in medium-size to large groups—at least six, ten or more
is even better.

» Make sure that there are sufficient groups per condition to provide adequate
statistical power, at least seven to ten groups per treatment condition.

* Give the groups a facilitator and plenty of time (ideally, unlimited time).

» Use a task type that is most likely to benefit from GSS and is matched to the
communication medium.

A planning task is especially likely to benefit from GSS.

« If you have a decision (preference) task, use CMC, if an intellective task, use
decision room GSS.

+ Measure structuration as an intervening variable and aspects of effectiveness as
dependent variables; do not measure efficiency (time to completion) or satisfaction.

Obviously, this “recipe to produce significant positive results from GSS” would
not result in systems that could be used for a wide range of task types and
circumstances and desirable outcomes. Part of the research agenda for GSS in the
future must be to tackle head-on some of the glaring weaknesses. How can the
poor results for subjective satisfaction be improved for instance? What manipula-
tions in how the systems are used (tools, interface, training, anonymity, process
structures, facilitation, etc.) can substantially improve the ratio of positive process
effects to negative process effects?

The implications of the modal finding of “no significant difference” are some-
what different for decision-room GSS as compared with distributed CMC-based
systems. It makes no rational sense to build a decision room and bring people there
to use it if the hardware and software will not produce results that are significantly
different from what would be obtained without using such a system. However,
distributed meetings using CMC may be chosen by groups even if there is often
“no significant difference” in process and outcomes compared with traveling to a
FtF meeting, because of the savings in travel time, convenience, and related costs.
To some extent, one can turn our “no difference” resuits around and say that for
distributed groups using CMC-based systems, the results are likely to be at least
as good or better than the results they would obtain by expending the time and
money to travel to a meeting. This argues for further development of distributed
asynchronous systems, which fit in well with the work styles of already “wired”
professionals, who use e-mail and the World Wide Web to accomplish many of
their nonmeeting work tasks.

We also encounter many studies that did not report all of the parameters of the
experiments (missing values are recorded as a question mark in the chart appendices
and as not reported in the data bases). In addition, researchers studying interaction
hypotheses often excluded their main effects values. These values can be of great
benefit to researchers doing metaanalysis and other categorical analysis in the future.
Table 16 lists what researchers should include in their published results for experi-
ments. It is up to editors and reviewers to catch and enforce the reporting of the
information.
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What Needs to Be Studied?

Studies of mixed media are only one of many areas of GSS research begging for
attention. Although the overall results of experimental studies reported in this paper
might seem discouraging, we strongly agree with Briggs and his colleagues [5] that
GSS research is far from “dead.” GSS research is much nearer its beginning than its
end, with 1,001 (important) unanswered questions [1, p. 4]. If researchers learn the
lessons summarized in this paper in terms of what is already known and what
experimental procedures need to be followed and reported to obtain results that will
contribute substantially to the field, the next generation of experiments will be very
rewarding. Furthermore, Nunamaker [62] provides several recommendations for
further research including more work in distributed settings and virtual reality.

Many recent studies are examining the effects of different GSS structures and tools,
which is beyond the scope of this paper. But, clearly, those issues need to be addressed.
Of particular interest is the open question of whether new GSS systems integrating
the ease of use of the “point and click” Web-based interfaces and multimedia features
will improve the functionality and usability of GSS systems, and thus increase the
likelihood of positive outcomes in comparison to unsupported face-to-face groups. Based
on the results reported in this paper, it would also make sense to investigate combined
modes of communication and decision making. For example, on a more complex task that
requires both idea generation and decision making, groups might be started in a decision
room using face-to-face interaction to “get to know” one another. They might then use a
decision room GSS to generate ideas. Then, using CMC, the groups could gather more
information in order to assess different options and reach a solution to the problem. Several
experiments like this are in progress (e.g., Ocker, Fjermestad, Hiltz, and Johnson [66]).
The results do tend to support a combined mode approach.
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