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An Integrated Framework for
Group Support Systems

Jerry Fjermestad
School of Management
New Jersey Institute of Technology

In this article, I consolidate the work of prior frameworks for group support systems
and present the results of that consolidation using the major factors of contextual,
intervening, adaptation, and outcome variables. The end result is a comprehensive
list of factors that have been studied or suggested, organized into the preceding 4
categories. The model proposed offers a control system type interpretation of the 4
factor dimensions.

integrative, framework, model, group support systerns (GSS)

1. INTRODUCTION

Computer-based systems that support group decision making are the result of
the integration of communication, information processing and computer-based
group structuring or support [1-3]. The goal of group support systems (GSS) is
to help organizational teams make faster, more satisfying, and ultimately better
decisions than those made in face-to-face, manually supported meetings [4-6].
The purpose of this article is to review the major research models that have
been used for studying GSS and to derive and present an integrated, comprehen-
sive factor model. As DeSanctis and Gallupe [1] stated, a common perspective
regarding the purpose and characteristics of these systems is required. In the short
time since the publication of their foundation paper, the number of research
models has more than quadrupled (from 3 to 16). There has also been a shift in
the research emphasis from technology to process interaction of the technology,
task, and the group to produce outcomes. Different outcomes (the dependent
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measures) have been observed depending on the initial set of independent vari-
ables and the group processes (potentially influenced by intervening variables)
that result in a specific adaptation or “structural adaptation” [3] to the provided
technology.

~Priot framewerks or research models have focused on specific attributes to
provide for the hypotheses being tested, and consequently, no overreaching frame-
work exists that provides insights into how the attributes are related and inte-
grated. Most researchers cite one of the major frameworks {1, 3, 4, 7-9], which
have many commonalities; several have been enhanced and revised over the last
10 years. All of these are input-process-output models with-some twists. In
essence, no general theory of GSS has emerged [10}: The difficulty results from
the multidimensions in ‘which these collaborative systems can be configured. A
common language and framework is needed to design, test, and implement new
systems so that the goal of GSS can be achieved—which is to help people make
faster, more satisfying, and ultimately better decisions than can be made in
fac_é—i%o-fac,e, manually supported meetings [4].

The objective of this article is to provide an integrated framework for research

on GSS. In: Section 2T discuss- the antecedents. of GSS. Next, in Section 3, a
summary. of the prior frameworks is organized.and presented. Section 4 presents
the proposed framework. A summary and conclusion is presented in Section 5.

2. THE ANTECEDENTS OF THE GSS FRAMEWORKS

One of the first frameworks to deal with information and decision process was
Leavitt's [11] diamond model. This model presents a dynamic view of the relations
between an organization's structure, the tasks, the people, and the technology.
According to Leavitt, a change in one of the components implies changes- in the
other organizational components.

Konsynski and Stohr {12] expanded this-model to include-information tech-
nology in the center of the diamond with the environment surrounding and
interacting with the whole model (Figure 1). Information technology from their
perspective is the glue that relates-to all of the other organizational components.
The framework’s role is to provide guidance for developing normative and de-
scriptive theories of organizational interaction.

"Before there was computer-based-technoelogy there were general models of
group performance [13, 14] that were developed to understand the interaction
process with the intent -of improving performance. Hackman and Morris [13]
suggested that the fundamental assumptionunderlying this input-process—output
model (Figure 2) is that the input factors (at Time 1) affect performance (at Time
2) through some kind of interaction process. The interaction processes were
difficult to measure until they addressed the question of how group interaction
mediates input-performance relations. Furthermore, they suggested that interme-
diary or summary variables (Figure 3) can be used and that the group processes
are affected by the interventions, which in turn lead to measurable differences in
group productivity.
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Figure 3. The summary variable interaction process. Adapted from Hackman and Morris
[13]. Used with permission.

3. A SUMMARY OF PRIOR THEORETICAL MODELS AND
FRAMEWORKS

The integrated factors model is derived from a set of representative theoretical
frameworks. A comprehensive search of the literature was undertaken including
publications from Management Science, MIS Quarterly, Decision Support Systems,
Small Group Research, Journal of Organizational Computing, Information & Management,
Organizational Science, and several scholarly book chapters. This set was chosen from
the literatuire as the one that seems to provide complete coverage of factors present
in the literature as a whole. Two basic types of frameworks are presented: those
derived from theory (Table 1) and those derived from meta-analysis (Table 2).

3.1 DeSanctis and Gallupe [1, 15]

The objective of GSS is defined as improving the group decision-making process by
removing communication barriers, providing thenecessary techniques for structur-
ing decision analysis, and facilitating the formulation of a solution by directing the
pattern, timing, or content of the discussion [1, 15]. Group decision making occurs
when two or more individuals are assigned the tasks of detecting a problem,
evaluating it, genérating alternative solutions, evaluating solutions, and / or formu-
lating strategies for implementing solutions. Simon [16] and Keen and Scott-Morton
[17] call this the intelligence, design, and choice phases of decision making.

3.2 Jelassi and Beauclair [5]

These authors defined a GSS as an interactive computer-based information system
that is used to augment group decision making within organizational settings.
The decision tasks range from structured to unstructured. GSS are designed to
support the data handling, modeling, and dialogue requirements of groups.
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3.3 Gray [18]

Gray [18] developed a very extensive model consisting of inputs, the group decision
process, and outputs. Included within the outputs were secondary outcomes
(attitudes, levels of consensus, etc.) that feed forward to the performance outcomes.
This model was the first to show the interrelations among the outcome factors.

3.4 Dennis, George, Jessup, Nunamaker, and Vogel [4]

The Dennis et al. [4] approach emphasized the overlap of the technology to support
meetings. An integrative concei;t (electronic meeting systems) was defined to
include technology that supports decision-making activities and communication.
The model consists of group processes and outcomes, methods, and environment.

3.5 Pinsonneault and Kraemer [7]

This framework consists of four factors: the context, the process, task related
outcomes, and group related outcomes [7]. The primary theoretical argument is
that the technological support facilitates group process through enhancing group
capabilities, removing barriers to group interaction, improving the group in its
task, and building or reinforcing the social values of the group by improving task
performance effectiveness.

3.6 Poole and DeSanctis [3]

Groups are organized around common social activities such as decision making,
work, socializing, establishing power, and meeting individual needs. If technolo-
gies are added to support groups in their endeavor, the nature of groups will not
be changed. Groups will still pursue the same practices, make decisions, and
engage in many activities such as socializing, joking, and so forth, but there will
just be another set of variables that they can interact with—the GSS.

3.7 Hiltz [19, 20]; Hiltz, Dufner, Holmes, and Poole [21]

Computer-mediated communications systems also use the cornputer to structure,
store, process, and distribute human communication and decision—makjng activi-
ties [22, 23]. The asynchronous mode expands the DeSanctis and Gallupe [1]
model to include a third level (asynchronous) to the member proximity dimension.

3.8 Applegate [24]

Applegate [24] presented a model for study of the transfer and assimilation of
GSS in organizations. Transfer and adoption are the methods by which the
willingness to use an innovation are measured. Assimilation, then, is viewed as
an adaptation and learning process. In this respect, studying the assimilation of

new technologies (GSS) is the same as studying how the technologies affect
decision making.
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3.9 Nunamaker, Dennis, Valacich, Vogel, and George [8]

The Nunamaker et al. [8] model is an extension of the Dennis et al. [4] model.
The model places a greater emphasis on the process losses and gains in terms of
process support, process structure, task structure, and task support.

3.10 McGrath [25]; McGrath and Hollingshead [9]

McGrath and Hollingshead [9] built on the concepts of the time, interaction, and
petformance theory developed by McGrath [25]. The framework consists of four
primary factors: input, organization concepts, process variables, and outcormes.
The theory and resulting framework stress the interactive relations between the
variables, rather than a main effects difference. One of the most interesting points
of the framework is that the process variables can be regarded as both independent
or dependent variables depending on the intended purpose.

311 Mennecke, Hoffgr, and Wynne [26]

Menmnecke, Hoffer, and Wynne [26] developed the first hybrid G55 framework
and defined it in the context of a meeting. The hybrid framework integrates the
relations between the meeting inputs (task, individual and group characteristics,
and meeting context) with the meeting process (facilitation, technological support,
structural factors, and sociotechnical issues) to produce meeting outputs (group
performance, individual perceptions, and group development). The model also
proposes that group member socialization and group learning may occur both
during and subsequent to other meetings. This feedback will then redefine how
the groups use the GSS and work with the task and the:group.

3.12 DeSanctis and Poole [27]

DeSanctis and Poole {27], building on the eatlier model [3], described the structures
and processes that interact among advanced information technology (AIT), social
structures, and human computer activity. The adaptive structuration theory frame-
work includes dimensions of structure (AIT, organizational, the group’s internal
system), social interaction (appropriation and decision processes), the emergent
sources of structure and outcomes (decision and new social structures).

3.13 Zigurs and Kozar [28]

Zigurs and Kozar [28] presented an integrative input-process—output research
framework. The input factors consist of the task performed, group member charac-
teristics, and the technological environment. The process factorsare conceptualized
as an interaction process between an initial set of variables and an intermediate set
of role outcomes. The outcome variables consist of task and group related outcomes.
This framework makes two significant contributions: First, it is the first framework
that examines roles in a GSS environment; second, it is the second framework that
stresses an inherent interrelation among the process variables.
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3.14 Hollingshead and McGrath [29]

The Hollingshead and McGrath [29] framework is both a simplification and an
enhancement of their earlier model [9]. It is simpler in that many of the factors
(variables) have been regrouped and enhanced via a transformation from a theo-
retical to a research framework.

3.15 McLeod [30]

This is a meta-analysis of 42 studies conducted between 1980 and 1990 [30]. The
theoretical framework is derived from Pinsonneault and Kraemer’s [7] model.
The results suggest that there is a relation between the input and outcome vari-
ables. Use of the GSS technology tends to increase decision quality, decision time,
equality of participation, and the degree of task focus. There are negative impacts
on consensus and satisfaction as well.

3.16 Benbasat and Lim [31]

Benbasat and Lim'’s [31] model is a meta-analysis based on 31 papers published
between 1970 and 1992. The results of the analysis suggest that there is a definite
relation between the input factors and the outcomes—namely that the use of GSS
technology improves decision quality, the number of decision alternatives, and
equality of participation. Negative effects were also observed for decision time,
consensus, and satisfaction.

4. A PROPOSED FRAMEWORK FOR INTEGRATING GSS

A review of the current research on the impacts of GSS reveals that the alternative
frameworks for evaluation can be reconceptualized as consisting of four major
categories of variables as shown in Table 3: contextual or independent variables;
intervening variables, which also have been labeled as moderating or mediating
variables; group adaptation processes, which can be either independent or dependent
variables; and oufcomes or dependent variables. The dynamic relations among
these sets of factors are shown in the theoretical model in Figure 4.

The contextual factors are all external or driving variables that comprise the
environment or conditions for the decision-making task. For any one experiment,
they are fixed or controlled. These variables are static in nature and do not change
their values throughout the GSS activity.

Intervening factors represent the emergent structuring of the group interaction
derived from and adding to the set of conditions created from the context of the
group decision sessions. For example, the methods used by the group may vary
as to session length and number of sessions. These factors can change from session
to session and thus, are dynamic rather than static.

The second set of dynamic factors is the adaptation or interaction process of
the group. These are the variables that are controlled by the group on an individual
or a collective basis. From a general systems theory standpoint, they can be thought
of as the control variables of the system. The changes in these variables, either
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CONITEXTUAL FACTORS
Environmental
Static
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Static |

Figure 4. A factors oriented control medel of group support systems.

independently or in concert with the contextual factors, act to influence the
intervening variables. The variables can thus be an outcome and intermediate
outcome or independent variable [9].

Finally, the outcomes are the results of the interplay of the intervening factors
and adaptation of the group with the contextual factors. These are, of course,
static variables that measure the results of the system process.

In the context of the above dimensional breakdowns for the factors that
describe the system, we have a control system or cybernetic type of representation
of the GSS environment. Many of the confusions of classification that appear in
the literature are readily resolved by the associated properties of what are static
and what are dynamic factors. For example, task when considered at the macro
level, is usually a static contextual variable; however, task at the micro level may
involve the observation of many different subtasks that can dynamically change
as a part of the process. As a result, alternative investigations can easily differ in
their classification of such a variable. Very often, such distinctions are left implicit
because of the lack of any common factors model utilized by all investigators. In
a given situation, some of the factots in the intervening and adaptive dimensions
can be assumed to be static and treated as implicit or moved to the contextual
dimension. The period of time used for a group activity is probably the crucial
determinant for the factors that are dynamic in nature. This also impacts on the
level (micro to macro) at which one must treat a factor (e.g., task).

4.1 Contextual Factors

The contextual category consists of four subfactors: context, group, task, and tech-
nology, which are in the immediate group environment [7] and the global group
environment [24]. Applegate [24] suggested that it is the proper integration of
these primary contextual variables through the intermediate stages (intervening
and adaptation) that affects the outcomes of the group decision process.
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Context factors consist of three levels: environmental, organizational [24], and
cultural. The environmental subfactors refer to competition from other groups or
organizations, the amount of uncertainty with regard to the outcomes and purpose
of the group, time pressure, and evaluative tone. The organizational subfactors
are the existing organization’s information systems, organizational goals, reward
structure, and organizational size. The cultural components are relatively new
and consist of the different cultures (i.e,, American, British, Hawaiian, etc.).

The group factors consist of group and individual variables. Group charac-
teristics include group size, proximity, and time dispersion [1]. Composition
includes the mix of heterogeneity, status, experience, and organizational accom-
plishments that members bring te a group meeting. Leadership is a combination
of the superior-subordinate relationships and individual leadership charac-
teristics. Member characteristics refer to the attitudes, character, values, power,
and skills of an individual. Meeting structure consists of roles, goals, norms,
anonymity, and intergroup—intragroup processes. The initial levels refer to the
premeeting levels of cohesiveness, task understanding, consensus, agreement,
styles of interacting, perceptions, and knowledge and experience. Group structures
refer to the different styles of interacting, knowledge and experience with struc-
tures, and perceptions of other members knowledge.

Task factors include: type, characteristics, task knowledge, and degree of agreement
on values [3]. Type refers to McGrath’s [14] task circumplex model. The task
characteristics are: analyzability, uncertainty, equivocality [32], complexity, enjoy-
ability, predictability [19], and source [7]. Task knowledge refers to the levels of
cause and effect knowledge that the group has. The degree of agreement on values
is the extent to which the group members agree on standards for judging an
acceptable choice or outcome [3, 33, 34].

Technology factors are the communication mode [8, 19], design [4, 35], process
structures [1], and task supports (tcols). Communication mode refers to the process
supports [8] such as media richness [32], text, graphic, voice, image, sound, and
video capabilities of the technology [35]. Design consists of the configuration of
the decision room [1], the interface [19], embeddability, extensibility, and flexibility
of the software [35], and usability of the entire system [36]. Process structure
consist of time (synchronous to asynchronous) [37], proximity {1, 27], settings
[24], procedures, and anonymity {7, 33]. Levels are also process structures [8] and
refer to communication exchange, uncertainty reduction, information filtering,
structuring in terms of restrictiveness and comprehensiveness [27], and processing
capabilities of the technology [1]. The task supports [8] include electronic brain
storming, agenda preparation, voting, and cognitive feedback.

4.2 Intervening Factors

The intervening category of variables are the first part or phase of the interaction
process. The group interacts with the group, task, context, and technology through
this set of intervening variables—and then, contingent upon this interaction,
adaptation occurs. These variables are moderating or mediating sets of variables
[9, 29] that can affect changes in the adaptation and outcome variables either
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during the session or in subsequent sessions [26]: Adaptation results in the group’s
display of the decision process outcomes in terms of losses or gains [8, 37].

Intervening factors include two major categories: methods and summary con-
structs. Methods' represent -the basic tools of the experimenter (experimental
design, task implementation, session length, number of sessions, order-of treat-
ment—very important in repeated measures designs—and training [4, 20]). These
sets of experimenter controlled variables can affect how the groups function and
thus are intervening factors. The summary variables consist of resultant commu-
riication dimensions {21, 33], group member perceptions and problem solving [%,
13, 24, 291, organizing concepts [9, 29], and operating conditions [29].

The resultant communication dimensions consist of bandwidth, social pres-
ence, and information richness [32, 39). There have been relatively few studies
that have investigated this set of variables. Perhaps this will change given the
new era of multimedia technology.

Group member perception and problem solving refers to how an individual
interacts with the group and the task. The task perceptions are the interaction of
the individual and the group with the task: the double interact [40] or-the double
contingency effects [20]: In- this respect it is the shared importance, visibility
(personal gain or group gain through successful performance), understanding,
and commitment. Individual perceptions consist of values, personal needs, level
of interest; and,deg'ree' of frustration. These variables can dramatically affect the
group outcomes. For example, the larger the group, the greater the potential for
process losses, simply because coordinating a large group is more difficult.
Hackman and Morris’s [13] main thesis is that this variable set can be manipulated
to improve performance, In one study, Hackman and Kaplan [41} manipulated
performance strategies and found that groups given a 5 min strafegy session
displayed motre -conflict, had more inte:persOnal problems, showed higher
flexibility in dealing with the task, and more important, were able to change their
pm'cédﬁ'res during the session if they were doing poerly. Thus, these variables
have a dual nature. In‘one instance, they can be intervening variables that provide

feedback to the group interaction process and can change from session to session

or even within a session and are dynamic rather than static. In another instance,
the variables can be used as independent variables as in the Hackman and Kaplan
[41] experimenit or an experimentby Connolly, Jessup, and Valacich [42] in which
ebaluative tone was used to study group performance. Problem-solving behavior
is also particularly meaningful in asynchronous GSS [43] in which individuals
are abletto undertake pmblem—solvgirig‘ activities independent of the group process.
This factot includes such aspects as psychological differences, biases, and differing
strategies for information processing [44] and problem-solving behavior.
McGrath and Hollingshead's [9] organizing concepts provide the linkage
between the intervening and adaptation factors. This set of variables is dynamic
and can only be measured at discrete infervals. If there are sufficient temporal
and motivational aspects available to the group then changes (adaptation) can be
measured due to a centext factor or a combination of context factors. These
variables include irformation processing systems, consensus generating systems,
and processes that motivate and regulate behavior. In a later work, Hollingshead
and McGrath [29] renamed the vatiables for operating conditions that consist of
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the degree of anonymity, time pressure, and changes in the task, division of labor,
and so forth.

It is interesting that no other researchers explicitly discuss any intervening
factors. However, Nunamaker et al. [8] included process and task supports as
contextual factors. This is essentially a “black box” approach that assumes inter-
vening factors are constant or they are being used as adaptation variables.

4.3 Adaptation Factors

Adaptation is the second phase or part of the interaction process. Adaptation
incorporates the basic elements of the group adaptation process and structuration
theory [3, 45, 46], process gains and losses [4, 8, 24], and intermediate role outcomes
[28]. Three levels of adaptation are included within the model.

Group adaptation processes refers to structuration—the emergent structure
[20, 27] developed by the group and its individual members, process variables
[9, 29], and process issues [5]. Structuration theory is an attempt to explain how
technology affects the group process and resultant outcomes [19]. In Mennecke
et al’s [26] model, adaptation is the feedback loop or organizational learning that
occurs between the input, intervening, and outcome factors within a session or
between sessions. Use of social technology consists of the structural features and
general spirit provided by the technology at the first instance [3, 46). The spirit
also is an interaction; part of it can be explained as the Hawthorne effect, part by
previous knowledge of the system or the technology in general, and part by how
the group projects itself. Use of group structures refers to the interaction of the
rules, procedures, and resources that the group decides to make, use, modify,
and cr reject [3].

Process gains include synergy, learning, and clarity [8]. Process losses includes
free rﬁ.ding, evaluation appreherssion, attenuation blocking, information overload,
flaming, and dominance [1, 4, 8, 24].

The intermediate role outcomes include the assumptions that the technology
can assume roles and that the participants can alter or accept these roles [28].
Zigurs and Kozar [28] reported that the technology can assume such roles as:
recorder, proceduralist, gatekeeper, motivator, mediator, and information—opin-
ion seeker. The roles that the group members can assume are task related (recorder,
proceduralist, idea generator, etc.) and group-building roles (gatekeeper, motiva-
tor, mediator, follower, etc.).

4.4 QCutcome Factors

Outcomes are the resultant goals, achievements, and outputs from the group
decision process [4-6]. They are the result of the interplay of the intervening
factors and adaptation of the group with the contextual factors. These are, of
course, the static variables that measure the results of the system process. The
variables can also be independent lag variables for the next session [26, 47, 48].
The outcomes consist of five subfactors: efficiency measures (e.g., calendar time
to decision), effectiveness measures (e.g., decision quality), satisfaction measures
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(e.g., participation, cohesiveness, and process satisfaction), consensus, and usabil-
ity of the system and methods.

. Effectiveness can be measured on many different dimensions, which include
decision quality, timeliness of the decision, group and individual satisfaction with
the decision, ease of implementation, commitment to implementation, and/ or the
group’s willingness: to work together in the future [1, 4, 7]. Simpler models
consisting of effié_iency,, effectiveniess, conserisus, hew social structures, and satis-
faction are alvso' presented [3, 5, 8, 9, 26-29].

Applegate [24] developed three measures of outcome effectiveness: perform-
ance, satisfaction, and group viability. Performance refers to client satisfaction, com-
plexity, quantity, quality, and speed of the results. Satisfaction measures are the
group ot individual satisfaction with the outcome, process, the group, and the
technology. Group viability. refers to satisfaction adaptation, learning, and
strength. These measures are measures of organizational interpretation and action
[49].

_ Hiltz [19,-20] reminded us that eutcome effectiveness is paradoxical in nature
and in this respect there can be many performance. or effectiveness trade-offs.
Positive effects will emerge only if group interaction facilitates them.

5. SUMMARY AND CONCLUSIONS

To build a science of group support systems, it must be possible to compare the
findings of different studies to build a general theory. The first step in building
and testing a general theory is to have a common theoretical framework and a
common language. A theoretical framework is not a theory; a theory posits causal
and conditional relations among concepts.

The factors model may be considered a prototheory. It predicts contingent
relations of the form:

e if the GSS technology (tools and embedded structures) is appropriate to
_the groﬁp, tasks, and environmental context;

e and if intervening factors are appropriate (such as adequate training, the
right experimental-design, with the right number of sessions and length);

e and if the group’s adaptive structuration of the tools and procedures
provided is faithful, so that the intended process gains are achieved and
process losses avoided;

¢ then GSS will lead to certain desirable outcomes (such as better decisions).

Not included in this prototheory as diagrammed are certain paradoxes that
have been gbserved in 'past studies, such as the fact that often, even if decision
quality is improved by GSS, participants have less confidence in their decisions
or are satisfied less with the decision-making process or outcomes. Unless longi-
tudinal rather than single-session studies are conducted, the GSS researchers will
not know if these results are due to unfamiliarity with the medium {in which
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case members’ perceptions will change over time), or to intrinsic characteristics
of the technology at the present state of the art, such as decreased “social presence.”

A next step in building a general theory is to compare different empirical
studies to see what factors have actually made significant differences in outcomes
and what the apparent causal relations are. McGrath and Hollingshead [9] sug-
gested that the next step is to build a systematic map of all of the experimental
information. Such a map would constitute both an integration of research knowl-
edge and a detailed agenda for subsequent research. This would enable us to cut
down to a more parsimonious set of factors and to begin to list some general
causal predictions. In fact, several investigations are in progress [9, 29, 50, 51].
Furthermore, we need to be aware of the different ways in which these theoretical
constructs have been measured and to begin to use common measures in different
studies to be able to directly compare and contrast results. In particular, it is
important to collect and report comparable data on adaptation processes. Indeed,
the shift in emphasis to understanding process and its complexities that has
occurred in recent GSS research is making the adaptation factors key to the
emerging theoretical paradigm.
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