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ABSTRACT: A number of theoretical models have been presented in group support
systems (GSS) literature, which suggest that various GSS structures such as anonym-
ity and simultaneity, influence group interaction, which in turn influences group pro-
ductivity and meeting outcomes. Examples of such theories include the adaptive
structuration theory and the balance of forces model and they could generally be
described as dynamic or procedural in nature. Much of the empirical research that
tests such theories, however, is deterministic in that it often compares final outcomes
between various levels of technological support without measuring and testing (1)
the influence that the technological structures have on group interaction and group
dynamics, and (2) the corresponding influence that group interaction has on meeting
outcomes. This paper reports a study that examines the validity of such dynamic
theories by examining the relationships between GSS structures, group dynamics,
and meeting outcomes over time. Four process constructs (production blocking, free
riding, sucker effect, and evaluation apprehension) and three meeting outcome con-
structs (group cohesion, affective reward, and self-reported learning) were initially
selected for the study. Structural equation modeling was used to analyze longitudinal
survey data gathered from an experiment conducted with naturally occurring groups.
The model tested was found to be valid and GSS was found to be effective in reduc-
ing process losses. However, the findings also revealed that process losses vary in the
degree to which they influence meeting outcomes and certain meeting outcomes,
such as affective reward, were found to be heavily influenced by other meeting out-
comes, such as group cohesion and self-reported learning. Theoretical implications
of the study and methodology are discussed.
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A NUMBER OF THEORETICAL MODELS have been presented in group support systems
(GSS) literature that suggest that various GSS structures, such as anonymity and si-
multaneity, influence group interaction, which in turn influences group productivity
and meeting outcomes [21, 31, 66, 70, 74, 93]. Such theories could generally be
described as dynamic or procedural in nature. However, much of the empirical re-
search that tests such theories is deterministic in that it often compares final outcomes
between various levels of technological support without measuring and testing (1) the
influence that the technological structures have on group interaction and group dy-
namics, and (2) the corresponding influence that group interaction has on meeting
outcomes. The hypothesis that GSS positively affects meetings has not been sup-
ported with empirical consistency (see Fjermestad and Hiltz [35] for an overview).
Consequently, it is difficult to determine the validity of dynamic theories.

In the study presented here, we examine the integrity of a procedural research model
describing the dynamic impact of GSS on meeting outcomes. We examine the influ-
ence of GSS technology on group processes and the corresponding effects that those
processes have on meeting outcomes. To do this, we used a general research model
that reflects the theoretical views of the adaptive structuration theory (AST) [31] in
that it emphasizes the roll of social interactions in determining how technology ulti-
mately affects group outcomes. Three outcome and four process variables were cho-
sen for the study and relevant hypotheses were proposed. A longitudinal experiment
was conducted consisting of eight tasks for a naturally occurring face-to-face group
and a naturally occurring GSS group. The experiment took place over two consecu-
tive academic semesters and longitudinal data were gathered in the form of post-
session surveys. A path analysis using structural equation modeling (SEM) was
conducted to validate the integrity of the research model. It was confirmed that GSS
technology, in this particular study, improved the meeting process, which led to more
favorable participant perceptions of meeting outcomes.

Literature Review and Theory

NUMEROUS THEORIES AND FRAMEWORKS have been introduced to describe how GSS
improves various aspects of meeting performance through improved meeting dynam-
ics. The balance of forces model [21] suggests that GSS alters the extent to which
creativity is stifled or enhanced during group interactions, and this in turn affects
meeting outcomes such as satisfaction and idea generation. Poole et al.’s [70] re-
search model describes how GSS may influence the conflict interaction process, which
then affects outcomes such as group consensus. Based on theories of communication,
minority influence, and human information processing, Rao and Jarvenpaa [74] in-
troduce causal models that depict how GSS use may affect meeting effectiveness
given the nature of the individuals and tasks involved. The theory of adaptive
structuration [31] suggests that the effectiveness of GSS is conditioned by how users
appropriate the technology during social interaction rather than being automatically
determined by its native features.
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The models cited share similarities as well as differences. Some (for example [21])
are more narrowly focused than others (for example [74]) in the scope of technology
features, process descriptions, and outcome variables. Some (for example [31]) are
more dynamic and process-oriented than others (for example [74]). Despite their dif-
ferences, these models share two similarities. First, GSS is an enabling technology
that can promote constructive social interactions, which in turn will increase meeting
performance. They are process-oriented and contribute to the understanding of how
technology features such as anonymity and simultaneity affect group interactions.
Second, they are similar in that GSS implications for a group meeting should be un-
derstood from the perspective of a particular situation. These models, in general, con-
cur that meeting context, such as individual and task characteristics [66, 74, 92], reward
system [6], facilitation [61, 91], and groups’ internal structures [31], will moderate the
degree to which GSS positively or negatively influence the outcome of a meeting.

Based on the aforementioned theories, numerous empirical studies have been con-
ducted. However, most empirical studies have followed a deterministic, rather than
procedural, research paradigm. Researchers have identified this gap between the theo-
retical models tested and the research methodologies used as one of the primary rea-
sons for inconsistent empirical results [25, 35, 74]. That is, deterministic research
methodologies often fail to account for the effect of a group’s intermediate social
dynamics.

More noticeably, most experiments employ a one-shot methodology with ad hoc
groups [35, 58], completely ignoring the effects of time and history on GSS dynamics
and performance. A number of studies (for example [17, 18, 58]), however, have
demonstrated that outcomes differ for both GSS and face-to-face groups over time.
That is, the results of a group effort in an initial meeting are not necessarily indicative
of the results realized in later meetings. For example, in a study conducted by
Chidambaram et al. [18], GSS participants reported less group cohesion than their
face-to-face counterparts in initial meetings, but in subsequent meetings the GSS
participants reported more group cohesion than the face-to-face participants did. Also,
field research examining the use of GSS with naturally occurring groups over long
periods have consistently reported positive results, including reductions in project
completion times and labor costs savings [39, 66, 71, 83]. The positive findings of
field research stand in stark contrast to the inconsistent findings from experimental
research.

Whereas a majority of GSS research has used groups ranging in size from two to
five participants, GSS has been shown to be most effective with larger groups in
terms of improving quantity and quality of participation, participant satisfaction, and
reducing process losses [65]. One reason for this is that airtime fragmentation in-
creases as group size increases, and thus escalates the manifestation of process losses
such as free riding, production blocking, and evaluation apprehension [36]. Dennis et
al. [26] found that GSS-supported 18-member groups produced more unique and
high-quality ideas than GSS-supported nine-member, and three-member groups did.

The use of small group sizes in experimental research is also not indicative of what
takes place in the field [26]. Many field studies have used group sizes larger than 20
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[9, 56, 63, 64], 30 [27, 28, 80], or even 40 or more participants [12, 87]. For example,
Dennis et al. [28] report using GSS with business and health care groups ranging in
size from 11 to 38 members for strategic planning purposes, including strategy for-
mulation, strategy analysis, and environmental planning. Briggs et al. [12] report
using GSS to support groups ranging from 40 to 50 members in military exercises
aboard the USS Coronado.

Theory and Research Model

The research model we used for this study reflects the views of AST. AST emphasizes
the dynamic and emergent nature of meeting outcomes and the importance of social
interactions [31, 38]. Structures and appropriation compose the central concepts of
AST. Structures represent formal and informal rules and resources provided by a
technology and an institution [31, 55]. Internal characteristics of a group, features of
an information technology (IT), tasks-related characteristics, and organizational en-
vironment compose major structures. Structures of GSS include its hardware and
software features such as anonymity and simultaneity. Most GSS-supported meetings
are conducted in an anonymous fashion; that is, the system does not attach the iden-
tity of the source of the comment. This feature can be controlled in that a system
facilitator could require meeting participants to log in at the beginning of a meeting
and subsequently attach their names to each comment and vote submitted. However,
this is not usually done in practice as the anonymity feature is often cited as one of the
principle advantages of GSS technology. The simultaneity feature allows all or a set
of participants to submit comments and otherwise interact with the system at the
same time. Unlike anonymity, there is no direct way for a system facilitator to control
this feature except either activate or inactivate certain participants.

These structures are further defined according to their spirit. Spirit is the “general
intent with regard to values and goals underlying a given set of structural features”
[31, p. 126]. For example, spirits commonly associated with GSS would include the
welcoming of open and frank discussion as well as equal access to participation.

Appropriation is the manner in which structures are used by participants. Accord-
ing to the AST, appropriation of a technology is not automatically determined by its
designs and features, but selected by users. During the process of technology appro-
priation, new social structures are produced over time. Effective technology use is
conditioned by the manner in which users appropriate structures of a technology,
given other contingency structures. The contribution of GSS to the performance of a
group session is therefore determined by the mode in which participants appropriate
GSS features and by the extent to which the spirit of GSS features is substantiated as
intended. Such participant attitudes toward a technology as faithfulness and level of
consensus on its appropriation establish the mode of technology appropriation [31].

The manner in which a group appropriates technology changes over time as groups
seek to realize a shared meaning of a system and how to best manage, or overcome,
the various structures imposed by the system. One-shot groups do not have an expec-
tation for future meetings, which can negatively affect the social dynamics of a group
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[86]. Participants in groups that expect to meet multiple times tend to be friendlier,
more cooperative, and engage in more self-disclosure [48]. The social information
processing (SIP) theory specifically considers historic and temporal influences on
group dynamics and relational development [85]. SIP theory is based on a number of
assumptions including (1) that people develop interpersonal impressions of others
through verbal and nonverbal interactions over multiple encounters, and (2) that this
process takes longer using computer-mediated communication (CMC) channels than
it does with face-to-face interaction [85]. SIP theory then proposes that interpersonal
impressions will take longer to develop in groups without any history and that per-
sonalized communication takes longer to manifest in CMC groups than it does in
face-to-face groups. Thus, time is expected to have an impact on both group dynam-
ics and meeting outcomes.

Based on the preceding discussion, we present a procedural research model in Fig-
ure 1. The model depicts the basic tenet of AST and other process-oriented theories
(for example [21, 32, 66, 70, 74, 93]) in that GSS structures directly affect a group’s
social interactions and dynamics. The exact nature of this relationship is dependent
upon how the group appropriates structures such as anonymity and simultaneity. Such
an appropriation, however, is not always consistent with the intentions of the design-
ers of the technology. The model also depicts how the nature of the groups’ social
interactions and dynamics ultimately determine meeting outcomes such as satisfac-
tion and group cohesion. The temporal effects suggested by SIP theory are also incor-
porated in the general model. As Walther [85] suggests and Chidambaram [17]
demonstrates, the nature of a group’s social dynamics and outcomes change over time.
Thus, it is necessary to study and measure group dynamics and outcomes over mul-
tiple time periods to reveal the true nature of the relationships between these con-
structs. The relationships depicted by this model are translated into specific hypotheses
in the next section.

Endogenous Measures and Hypotheses

THIS SECTION ADDRESSES HOW THE RESEARCH MODEL in Figure 1 was used to de-
velop a set of structural equations for hypotheses testing (Figure 2). To do this, we
identified specific constructs to represent the endogenous variables (that is, social
interactions and meeting outcomes) and then developed hypotheses as to the nature
of the relationship between the exogenous variables (that is, GSS structures and time)
and the constructs identified. Hypotheses are also developed with regard to the rela-
tionships among the meeting outcomes.

To examine the relationship between GSS structures and social interactions, four
process constructs were identified. These include production blocking, evaluation
apprehension, free riding, and sucker effect.

Production blocking refers to the loss of ideas, or failure to generate or remember
new ideas, while waiting for a turn to speak during a meeting [66]. GSS may reduce
production blocking through the structure of group memory and simultaneity. Evalua-
tion apprehension is the fear of being negatively evaluated by one’s peers and often
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prevents participants from presenting their ideas or questions to a group [32, 43]. GSS
may reduce evaluation apprehension through the structure of anonymity as it reduces
the possibility of being identified by group members and thus allows ideas to be evalu-
ated separately from the person who submitted them. Free riding occurs when indi-
viduals choose to minimize effort in a group setting. GSS may reduce free riding through
the structure of simultaneity. Shepherd et al. [79] have shown that participants in GSS
are motivated by social comparison [37, 68] and increase their participation to match
the level of other members. The sucker effect occurs when hardworking individuals
feel their efforts are being taken advantage of by other members [49, 77]. GSS may
reduce the sucker effect through the structure of anonymity by lessening the ability of
an individual to identify low-performing individuals, a necessary antecedent for the
sucker effect to manifest. Based on the preceding discussion, Hypothesis 1 is proposed.

HI: Farticipants in GSS meetings will report less production blocking (Hla),
free riding (H1b), sucker effect (Hlc), and evaluation apprehension (H1d) than
participants in face-to-face meetings.

To examine the relationship between social interactions and meeting outcomes,
three outcome constructs were identified in addition to the four process constructs
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previously discussed. The three outcome constructs include individual perception of
group cohesion, self-reported leamning, and affective reward. Group cohesion repre-
sents the degree of mutual cooperation, confidence, and trust that exists among group
participants and can take the form of verbal or nonverbal support [18]. When partici-
pants experience social equality during a group session, they may become more fo-
cused and outspoken in expressing their views. This may increase task-related conflicts
during a meeting, but groups that identify and resolve task-related disagreements
may experience greater group cohesion than they would have if the disagreements
were left uncovered due to pressures of conformity and evaluation apprehension [17].
Such supportive dynamics may become stronger when members are relatively ho-
mogenous, task motivated, and there is a strong peer stimulation that encourages
individuals to perform better [21]. From this line of reasoning, it is expected that
process losses that negatively influence group dynamics will reduce the level of cohe-
sion among participants. Therefore, it is hypothesized that:

H2: Production blocking (H2a), free riding (H2b), sucker effect (H2c), and evalu-
ation apprehension (H2d) are negative predictors of group cohesion.

The educational implications of IT-enabled learning have recently been getting much
attention among researchers as well [3, 4, 50, 52, 53, 54, 78]. The effects of IT on the
learning process are often examined from the perspectives of the constructivist theory
and its offspring such as the cooperative learning theory, which take a learner-cen-
tered instruction paradigm [54]. These models emphasize that active involvement
through collaboration, participation, and sharing are crucial to individuals’ becoming
creative, critical, and productive learners.

Empirical attempts have been made to validate that a collaborative learning pro-
cess, characterized by social support and feedback, might facilitate high-level reason-
ing, critical thinking, creativity, and knowledge acquisition among GSS participants
[3, 53, 54]. During cooperative learning activities, participants work together in groups
to understand concepts, to solve problems, and to engage in peer-to-peer feedback.
By offering feedback to others, students may be exercising and testing their own
mental models more fully and deeply than they otherwise would. Overall, these stud-
ies indicate that when the group process becomes more cooperative and synergetic,
learning effectiveness can be improved.

Moreover, the reduction of production blocking enabled by the simultaneity and
feedback capabilities of GSS may considerably improve a participants’ ability to ex-
tend their mental model of a task, understanding of a problem, and knowledge acqui-
sition [78]. With improved social dynamics, participants may be stimulated to engage
actively in knowledge construction and assimilation [50], and to enhance their criti-
cal thinking and high-order cognitive processing [4, 53]. Collective learning may
also be stimulated by the effective informational influence that GSS facilitates in
exchanging messages [42]. Overall, these studies imply that the quality of group in-
terplay composes a significant differentiator in individual learning. Therefore, we
hypothesize that:
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H3: Group cohesion (H3a) is a positive predictor of self-reported learning and
production blocking (H3b), free riding (H3c), sucker effect (H3d), and evalua-
tion apprehension (H3e) are negative predictors of self-reported learning.

The satisfaction construct has been repeatedly adopted as a representative bench-
mark to measure the success of an information system. This has also been true for
GSS research. The importance of this dependent construct was recognized by
Niederman et al.’s [62] study in which GSS facilitators indicated that satisfaction
was one of three main performance measures of a group meeting. Various measures
of satisfaction have been suggested. Briggs and de Vreede [11] identify satisfaction
with product and satisfaction with process as the two main dimensions of meeting
satisfaction. We chose a single construct related to meeting satisfaction called affec-
tive reward [10, 76] for inclusion as an outcome variable in our study. Affective
reward is defined as “the positive emotional response sometimes associated with
goal attainment” [76, p. 171] and is often expressed by participants after a success-
ful meeting.

Process-oriented theories such as AST have often suggested relationships between
group dynamics and satisfaction. For example, the balance of forces model [21] sug-
gests that process losses, such as evaluation apprehension, free-riding, and produc-
tion blocking, are creativity stifling forces that influence group interaction, which in
turn influences participant satisfaction. Nunamaker et al. [66] identify process gains
(such as synergy and objective evaluation) and process losses (such as evaluation
apprehension and free riding), depending on whether they facilitate or hinder meet-
ing effectiveness. Theoretical studies argued that the effectiveness of a group meeting
is optimized with minimized process losses and maximized process gains [29, 66,
74]. It is reasonable to speculate that improved meeting effectiveness may influence
the expression of gratification regarding the meeting. Thus, the following hypothesis
is proposed.

H4: Group cohesion (H4a) is a positive predictor of affective reward. Production
blocking (H4b), free riding (H4c), sucker effect (H4d), and evaluation apprehen-
sion (H4e) are negative predictors of affective reward.

Although regarded as a meeting outcome in this study, self-reported learning may
also be viewed as an intermediate variable that may influence affective reward. Re-
searchers have found that students who perceive an increase in learning express more
favorable evaluations of the class experience in terms of the learning process and
outcomes [4]. Therefore, it is hypothesized that:

H35: Self-reported learning is a positive predictor of affective reward.

Theories such as AST and SIP suggest that group dynamics and outcomes change
over time. Groups work to understand technological structures and work to appropri-
ate technology into the group process. New structures may emerge, thus making the
process iterative and temporal. AST posits that changes in group dynamics and out-
comes are neither universally positive nor negative. Some groups improve with time,
some worsen, and others fluctuate depending on how participants actively select and
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reproduce structural features over time [31]. Groups could, for example, embrace
anonymity and use it to openly share ideas and promote positive discourse. On the
other hand, anonymity could be used to engage in off-task communication and flam-
ing, and thus present more challenges than benefits [75].

SIP theory suggests that outcomes such as group cohesion can be realized as inter-
personal development occurs over multiple time periods. The important consider-
ation here is that both the social dynamics and meeting outcomes are procedural in
nature and subject to change over time. For example, relational development might
take longer to occur in GSS groups than in face-to-face groups [17]. On the other
hand, GSS-supported meetings may have a longitudinal effect in reducing interper-
sonal conflicts and in increasing group cohesion [18, 60]. Such transitory changes
may be prompted by developing patterns in social interactions and relationships, and
temporal accumulation of knowledge and experience with technology structures [17,
31). Therefore, the hypothesized relationship with time is nondirectional:

H6: Time will have a significant impact on group dynamics (production blocking
[Hb6a], free riding [Hb6a], sucker effect [H6c¢ ], and evaluation apprehension [H6d])
and meeting outcomes (group cohesion [H6e], self-reported learning [H6f], and
affective reward [H6g]).

Research Method

A LONGITUDINAL EXPERIMENT WAS CONDUCTED using two classes held in consecu-
tive semesters. Participants were students enrolled in an introductory management
information systems (MIS) course offered at a large southwestern university. The first
semester class had 23 students and the second semester class had 20 students. Both
classes were similar with respect to gender, GPA, and age. At identical intervals
throughout the semester, students debated eight ethical scenarios addressing MIS is-
sues such as software piracy, database marketing, expert systems, and e-mail privacy
[89]. The goal of the tasks was to make the students aware of ethical issues facing IT
professionals, and teach them to apply ethical frameworks to those situations [51].
The two classes were identical with respect to course syllabus, assignments, lectures
and exams, and instructor. With the exception of the eight scenarios, for which the
GSS group met in an electronic meeting room, both classes were held in similar
classrooms in the same building. From the nature of the experimental design, this
research was a field study in which the experimental controls and data gathering were
conducted in natural classroom settings [69]. A seven-point Likert scale post-experi-
ment survey was used to measure individual perceptions of the process constructs
and meeting outcomes following each of the eight tasks. Previously validated instru-
ments were used [3, 10, 24, 72, 76] for all constructs except the sucker effect and
three questionnaire items were used to measure each construct. The items used ap-
pear in the Appendix.

Although there was a possible history threat to this design since the classes did not
run concurrently, we deemed it to be a reasonable choice, given the circumstances.
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First, pilot tests suggested that strong resentment might have been a demoralizing
factor when two classes were run concurrently, but only one was allowed to use GSS
technology and the other was not. Previous GSS-supported learning research had
revealed such a concern [3]. Also, interaction among students from the two classes
was expected to be minimal since the honor students were from various colleges
within a large university system and had little chance of encountering members of the
other treatment. Post-semester interviews with the face-to-face participants confirmed
that information sharing did not occur.

Experimental Procedure

The fall-semester class served as the face-to-face group and the spring semester class
served as the GSS group. All aspects of the course were as similar as possible through-
out both semesters; the communication medium used to discuss the eight ethical sce-
narios was the only exception to conformity. The tasks assigned were identified by
the authors of the course text [51] to help students learn about the ethical issues fac-
ing information technology and to recognize the critical issues involved. The same
instructor taught both sections and was able to maintain consistency in presentation,
having taught the course nine times previously.

The scenarios were discussed during eight separate class periods throughout the
semester. Scenarios were scheduled to coincide with topics covered in class. For
example, the second scenario addressed e-mail monitoring, which was discussed
the week after students set up their e-mail accounts and joined the class e-mail
distribution list. The instructor handed out copies of the scenario to each student
and then read it aloud to the class, asking if any clarification was necessary. At this
point, the face-to-face group proceeded to discuss the scenarios in a traditional
round table format and the GSS group used GroupSystems, a GSS developed by
GroupSystems.com.

The anonymity feature provided by GroupSystems was used for the GSS group
throughout the semester. The degree of true anonymity among group members may
be different depending on the group size. Small group members may recognize each
other’s identity even under the anonymous GSS environment, easily defeating the
purpose (or spirit) of GSS support. Given the relatively large group size in this case,
we expected that the fundamental intention of GSS utilization, maintaining true ano-
nymity among participants, was preserved.

All eight scenarios for both classes ran at least 20 minutes. In order to make the
students individually accountable, an in-class writing assignment following every
discussion required students to either defend the actions proposed as ethical or to
condemn them as unethical. Students were randomly assigned a position to take, with
the intention of motivating exploration and expansion of both sides of the debate. The
questionnaire was given immediately after the scenario discussions and prior to the
in-class writing assignments. Five minutes was allocated for the questionnaire and
ten minutes was allocated for the in-class writing assignment.
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Construct Validity

Survey items were first tested with exploratory factor analysis using Equamax rota-
tion. All constructs except evaluation apprehension achieved high discriminant valid-
ity. One affective reward item also showed low reliability. The unreliable construct,
evaluation apprehension, and the single affective reward item were subsequently ex-
cluded from further analysis. Exploratory factor analysis after the initial refinement
confirmed discrimination among the selected constructs (see Table 1). Cronbach’s
alphas ranged from 0.72 to 0.83 for three-item scales and was 0.83 for the only four-
item scale, indicating a reasonable degree of inter-item reliability [8, 23, 67].

The data were then analyzed using structural equation modeling. Because repeated
measures were used to test the temporal influences suggested by the literature, versus
the more common one-shot design, the assumption of independent observations was
brought into question. However, an examination of the residual correlation matrix did
not reveal any systematic biases that may be associated with the use of repeated mea-
sures. The assumption of linearity was satisfied and missing data occurred in only
four of 316 survey responses and those four were subsequently dropped from the
analysis. Because it is also generally recognized that all SEM assumptions are not
satisfied in practice [33], the use of SEM was determined to be both justifiable and
appropriate for testing the hypotheses depicted in Figure 2.

Results and Discussion

STRUCTURAL EQUATION ANALYSIS WAS PERFORMED on the model appearing in Figure
2 using AMOS 4.01. The model contains two uncorrelated exogenous variables, namely
GSS and time period. GSS is a binary variable with a zero representing face-to-face
and a one representing GSS. Time period is represented as one through eight, de-
pending on the time period of the task. All of the item indicators for latent, endog-
enous constructs were significant at the p < 0.000 level.

As suggested by the literature, a variety of fit measures were examined to deter-
mine the appropriateness of the model [5, 7, 41, 47]. These measures are presented in
Table 2 and include both the recommend value and the results obtained using AMOS.
A ? analysis for the model failed to achieve the recommend value (32 =511.45, df =
170, p <0.00). However, the % test should not be used to reject a model because of its
sensitivity to sample size [5, 46]. That is, the test tends to yield significant results,
suggesting that the model does not accurately represent the population, for large sample
sizes and yields nonsignificant results, suggesting that the model does fit the popula-
tion, for smaller sample sizes [14, 20, 40]. The relative %2, x%/df, was 3.01, which is
well within the Wheaton et al. [90] recommendation of less than five and very near
the Carmines and Mclver [15] recommendation of less than three. The goodness-of-
fit indexes were both close, GFI = 0.87 and AGFI = 0.83, to the recommended value
of 0.90 [7, 41] and were comparable to, or exceeded, levels commonly accepted in
the literature (for example [1, 2, 16, 45, 59, 82]). The AGFI value exceeded 0.80,
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Table 1. Factor Analysis with Equamax Rotation and Cronbach’s o

Factor

Item 1 2 3 4 3 6 Cronbach’s o
pb1 0.66 -0.12 0.04 0.25 0.13 =0.00 0.829
pb2 0.73 -0.02 -0.03 0.36 0.01 -0.13

pb3 0.71 -0.04 -0.12 0.33 0.07 -0.08

arl -0.18 0.53 0.21 -0.12 -0.02 0.41 0.832
are -0.03 0.69 0.30 -0.09 -0.08 0.15

ar3 -0.00 0.52 0.26 -0.24 -0.07 0.35

arb -0.13 0.70 0.29 -0.09 -0.18 0.13

Im1 -0.02 0.24 0.76 -0.05 -0.03 0.20 0.829
Im2 -0.05 0.18 0.68 -0.14 0.07 0.14

Im3 -0.05 041 0.60 -0.11 0.00 0.24

fr1 0.41 -0.09 -0.13 0.53 -0.17 -0.16 0.775
fr2 0.28 -0.09 -0.07 0.61 0.1 0.01

fr3 0.39 -0.11 -0.10 0.71 0.01 -0.09

sel -0.00 -0.00 0.01 0.02 0.76 -0.03 0.724
se2 0.03 -0.08 -0.04 -0.07 0.72 -0.17

sed 0.1 -0.08 0.05 0.09 0.49 -0.12

gel 0.01 0.23 0.16 -0.18 -0.12 0.62 0.726
gc2 -0.16 0.07 0.17 -0.01 -0.16 0.63

gc3 -0.01 0.26 0.22 0.03 -0.33 0.47

Notes: pb = production blocking, ar = affective reward, Im = self-reported learning, fr = free riding,
se = sucker effect, gc = group cohesion. Boldface indicated the heaviest factor loading for an item.

Table 2. Measures of Fit Results

Fit measure Recommended value AMOS result
y p>0.05 170; p<0.00
x2/df < 5.00 3.01
GFI >0.90 0.87
AGFI > 0.90 0.83
RMSEA <0.10 0.08

which is sometimes used instead of 0.90 as the recommended value for AGFI (for
example [19, 45, 73, 81]). The root mean square error of approximation (RMSEA) of
the model was 0.08, which is considered “reasonable” by Browne and Cudeck [13]
and within their recommend value of 0.10. Overall, it was concluded that the model is
suitable and valid. Significant, standardized, path coefficients appear in Figure 3.
These coefficients represent the outcome of the tested hypotheses and are discussed
in the following section.
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Figure 3. Significant Standardized Parameter Estimates. Notes: * p < 0.05, ** p <0.01,
*ek p < 0.001.

Findings

With the exception of evaluation apprehension, which was not adequately measured
and subsequently discarded, Hypotheses 1 was supported in its entirety. Namely, GSS
reduced production blocking (H1a), free riding (H1b), and sucker effect (H1c). These
findings are notable in that it suggests that the spirits of GSS were embraced by the
GSS-supported group and meeting dynamics improved. These particular results also
represent some of the largest, in terms of effect size, findings of the study. GSS usage
can directly account for 21.2 percent of the variance of production blocking, 31.0
percent of the variance of free riding, and 23.5 percent of the variance of the sucker
effect.

The results indicate only partial support for Hypothesis 2. Only the sucker effect
(H2c), with a moderate effect size of 15.8 percent, was significant in reducing group
cohesion. This finding illustrates the importance of employing a procedural method-
ology. Typically, researchers theorize that process losses, as a whole, account for
variation in meeting outcomes. As shown here, however, the efficacy to alter meeting
outcomes varies from process loss to process loss.

The results indicate partial support for Hypothesis 3. As hypothesized, group cohe-
sion was a positive predictor of self-reported learning (H3a). This relationship had a
large effect size with group cohesion accounting for 28.9 percent of the variance of
self-reported learning. Free riding was a significant negative predictor of self-reported
learning (H3c), however, the effect size was only 3.6 percent. Both of these findings
support the basic tenets of cooperative learning theory, namely, that students learn through
working in groups and playing an active role in the learning process [88]. One unantici-
pated finding is that the sucker effect was a positive predictor of self-reported learning.
This is opposite of the hypothesized effect (H3d). In hindsight, one could reason that in
order for students to feel taken advantage of by other students, and hence report a high
sucker effect, they had to be engaged in the learning process and such engagement
leads to self-reported learning, although this is entirely speculation.
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The results suggested partial support for Hypothesis 4 and support for Hypothesis
5. Only one of the three process loss constructs influenced affective reward as hy-
pothesized. Free riding had a significant, albeit small, negative impact on affective
reward (H4c). However, group cohesion (H4a) and self-reported leamning (H5) each
positively influenced affective reward with moderate effect sizes of 17.6 percent and
15.9 percent, respectively. This finding suggests that affective reward may be influ-
enced more by related outcomes than by process variables.

The results suggested partial support for Hypothesis 6. Of the seven nondirectional
hypothesized relationships from time period, only three were significant and all with
an effect size of less than 2 percent. Time period was a negative predictor of self-
reported learning (H6f) and affective reward (H6g) and a positive predictor of the
sucker effect (H6c). An important aspect of these findings is that time period had a
significant impact on at least one process loss variable and at least one outcome vari-
able. In addition to illustrating the importance of examining temporal influences on
both group dynamics and meeting outcomes, the temporal findings complete the vali-
dation of the procedural research model in Figure 1. That is, there was statistical
support for each of the four general relationships suggested in Figure 1.

Discussion

The procedural methodology employed in this study provides a dynamic explanation
of the effects of GSS on process losses and the corresponding effect those process
losses have on meeting outcomes. Structural equation modeling revealed support for
the procedural model illustrated in Figure 1. GSS reduced the three process loss vari-
ables measured successfully in the study. A fourth process loss variable, evaluation
apprehension, was not measured reliably. These findings lend support to much of the
GSS literature, which suggests that the structures of anonymity and simultaneity can
reduce some of the process losses that are known to occur in face-to-face meetings.
The positive impact of GSS may have been possible because meeting participants con-
sistently appropriated the technology in the manner intended by system designers [31].
Participants’ use of technology was undoubtedly affected by factors such as the group
characteristics, task types, and organizational setting in which the study took place.
Social interactions and group dynamics, as represented by the three process loss
variables, were shown to significantly influence meeting outcomes. Free riding re-
duced both self-reported learning and affective reward. The sucker effect was shown
to reduce group cohesion and increase self-reported learning. It is interesting to note
that the meeting outcomes differed from each other in terms of their sensitivity to the
process losses. For example, affective reward was influenced by free riding, whereas
group cohesion was influenced by the sucker effect. Process losses differed substan-
tially in their ability to predict meeting outcomes. Production blocking, for example,
did not significantly impact any of the three meeting outcomes in this study. The
richness of these findings illustrates the importance of a procedural methodology.
One finding of particular interest is that affective reward was influenced much more
by outcome variables than by process variables. This may explain why Fjermstad and
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Hiltz [35] report a great deal of inconsistency regarding satisfaction-related constructs
in their meta-analysis of GSS research. That is, much of the literature on satisfaction-
related constructs focus on the influence of GSS structures instead of other outcome
variables. Briggs and de Vreede [11] and de Vreede et al. [84] suggest that meeting
satisfaction is caused by perceived interest accommodation. In the educational con-
text, self-reported learning is an important dimension of perceived interest accommo-
dation. Thus, the finding that self-reported learning is a predictor of affective reward
may offer support to the theoretical relationships proposed by Briggs and de Vreede
[11] and de Vreede et al. [84].

Participants’ self-reported learning and affective reward were highly associated with
group cohesion. This result supports findings that participants report greater satisfac-
tion when participating in a group with a supportive evaluative tone than a critical
evaluative tone [21, 44]. The relationship between the process constructs and learn-
ing, and between group cohesion and learning may have to be interpreted with cau-
tion, because they are likely to be highly dependent on the task type. The tasks in the
study presented here, were designed to encourage a great deal of interaction and,
consequently, may have led to better meeting outcomes than other tasks.

Empirical studies that have investigated the effects of GSS use over an extended
period of time are rare [18, 69]. We believe that the longitudinal approach is espe-
cially important in GSS research because participants’ judgment can be masked by
such biases as the “fascination effect” [52] or protracted development of group affili-
ation among participants in GSS settings [17]. In this study, temporal effects were
shown to significantly influence both social interactions and meeting outcomes, al-
though these relationships were not as strong as one might have expected. Time was
shown to significantly impact the sucker effect, self-reported learning, and affective
reward. Estimation of the research model indicates that despite the observed longitu-
dinal effect on process quality and outcomes, GSS meetings showed a steady advan-
tage over traditional meetings in lowering group process losses.

Limitations of the Study

The study results must be understood from the perspective of meeting contingencies
including task, group, and other social structures that can greatly affect participants’
social interactions [6, 30, 57]. For instance, El-Shinnawy and Vinze [34] empirically
showed that GSS and task characteristics (such as judgmental versus intellective tasks)
interacted to affect group processes and outcomes.

Tasks used in this study were specifically designed to encourage participation and
discussion by students. Discussing ethical issues of a technology is a judgmental task
with no straightforward answer and in general is not as complicated as decision-
making or problem-solving tasks. Accordingly, subjects might not have had a chance
to fully capitalize on GSS potentials. The technology effect might have been more
substantial if people had been given more challenging tasks. Furthermore, as partici-
pants were honor students with high GPAs, we expected a high level of homogeneity
in their academic motivation, intelligence, attitude, and domain knowledge. Such
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homogeneity might have contributed considerably to the productive and proactive
meetings sustained throughout the semester.

Another possible bias may have resulted from the fact that one instructor was in-
volved in the experiment, which may have created a potential maturity effect [22] as
the instructor became more knowledgeable and effective because of the lecture rep-
etition, thereby affecting student performance. However, since the instructor had taught
the same course nine times previously, we expected that the maturity effect was low.

This study incorporated only constructs that reflect negative dynamics (such as,
free riding, sucker effect, and production blocking) in a group meeting. Further in-
vestigation could include positive dynamics, such as synergy, and their correspond-
ing effects on meeting outcomes.

Implications for Future Research

The study has a number of implications for future research. First, there have been few
studies that focused on the interplay among process variables and meeting outcomes.
According to McGrath [57], group interaction is expected to affect the social and
psychological properties of individuals. Further research investigating these interac-
tions is merited, as it will lead to a richer understanding of how technology ultimately
affects outcomes. Second, since the deterministic research paradigm has been domi-
nant in GSS research, more procedural-oriented studies are necessary to enrich our
understanding of GSS use. Researchers could, for example, investigate various GSS
structures (such as anonymity and simultaneity) to see which significantly influence
process variables. The study presented here has grouped all of the GSS structures into
a single variable. We do not know, for example, if it is anonymity, simultaneity, or
both, that reduces free riding. Third, we emphasize the value of research that takes
advantage of longitudinal data to observe temporal changes in the participants’ reac-
tion to GSS. All of these suggestions help direct future GSS research to a richer un-
derstanding of the complexities of group meetings and the role of technology in those
meetings.

Whereas the findings of this study lend support to AST specifically and procedural
GSS theories in general, it also serves to motivate the development of deterministic
theoretical models as well. Because AST suggests that the manner in which GSS is
appropriated will likely vary from group to group, task to task, and setting to setting,
we would not expect to find the relationships observed in Figure 2 to exist in all group
meetings. It would be more reasonable to generalize the model appearing in Figure I,
which suggests that the influence of GSS on group outcomes is ultimately deter-
mined by its impact on group dynamics over time. To consistently understand and
predict relationships among specific constructs, however, researchers need to develop
robust deterministic models of the individual constructs, such as the one for meeting
satisfaction proposed by Briggs and de Vreede [11]. Such models would serve to
complement procedural models such as AST by helping to explain the interdepen-
dence among outcome variables and why process losses vary in the degree to which
they influence group outcome variables.
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The results of this study have implications for managers as well as researchers. For
example, managers need to be aware that the benefits associated with GSS use will not
automatically occur when GSS technologies are employed. Rather, they need to care-
fully consider the impact that the technology may have on a particular group and if the
participants will appropriate the technology as intended. To do this, managers need to
carefully examine the cohesion among group members, as group cohesion can di-
rectly impact important outcomes, such as affective reward. Even in such cases where
GSS is being used effectively, however, managers should be aware of the potential
temporal changes and that outcomes will not necessarily be consistent over time.

Conclusion

THIS STUDY INVESTIGATED THE POTENTIAL OF GSS to improve meeting outcomes by
reducing process losses often associated with face-to-face meetings such as produc-
tion blocking, free riding, and the sucker effect. It was confirmed that GSS does
indeed reduce such process losses, although it is not clear which of the GSS struc-
tures (such as anonymity or simultaneity) was responsible for these reductions. These
findings were consistent over time with two large naturally occurring groups. How-
ever, the degree to which these findings can be generalized is limited by contextual
factors such as participant demographics, organizational setting, and the nature of
the task.

This study revealed that such a reduction in processes losses did indeed lead to
superior meeting outcomes such as group cohesion, affective reward, and self-re-
ported learning. However, process losses varied significantly in their ability to influ-
ence outcome variables. Further, some outcome variables, such as affective reward,
appeared to be more related to other outcome variables, such as group cohesion, than
to the process losses measured in this study.

This research study shows the benefits of procedural, longitudinal methodologies
and the results provide insight into how GSS may ultimately influence meeting out-
comes. We believe that these findings contribute to a richer understanding of GSS and
serve to complement the findings often reported in one-shot deterministic research
methodologies.

Acknowledgment: The authors express their gratitude to the reviewers for their many helpful
comments.
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Appendix

Survey Items

Affective Reward

arl:
ar2:
ar3:

ard:
ars:

The process we used was . . . (extremely fulfilling / extremely unfulfilling)
This was a boring session. (strongly agree / strongly disagree)

We really accomplished something here today. (strongly disagree / strongly
agree)

It felt like we won. (strongly agree / strongly disagree)

1 did not enjoy myself. (strongly disagree / strongly agree)

Evaluation Apprehension

evl: The members of my work group view my ideas as . . . (not at all valuable /
highly valuable)

ev2: Inregard to offering contributions to the discussion, I was . . . (very apprehen-
sive / not at all apprehensive)

ev3: There were times when [ refrained from participating because I felt others might
not accept my ideas. (strongly disagree / strongly agree)

Free Riding

frl: To be honest, I just took it easy and let the other members of the group do most
of the discussing. (strongly disagree / strongly agree)

fr2: How satisfied are you with your own performance on this task? (very dissatis-
fied / very satisfied)

fr3: How much do you feel you participated in idea generation? (not much at all /

a lot)

Group Cohesion

gel:
ge2:

ge3:

To what extent were the people in this work group helpful to you in getting the
job done? (not at all helpful / very helpful)

To what extent do you trust the members of this work group? (a great deal of
trust / no trust at all)

To what extent do you look forward to being with this work group? (not at all /
a great deal)

Learning

Im1: Increased understanding of basic concepts. (strongly agree / strongly disagree)
Im2: Learned factual material. (strongly agree / strongly disagree)
Irm3: Learned to identify central issues. (strongly agree / strongly disagree)
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Production Blocking

pbl: When I thought of an idea, I . . . (could express it immediately / had to wait to
express it)

pb2: Did you express your ideas . . . (soon after you thought of them / after waiting
awhile)

pb3: I got my ideas out as soon as they occurred to me. (strongly agree / strongly
disagree)

Sucker Effect

sel: In today’s discussion, I felt as though others took advantage of the fact that I
was willing to participate and they did not participate themselves. (strongly
agree / strongly disagree)

se2: I had to do more than my fair share of the discussion because others were not
willing to participate. (strongly disagree / strongly agree)

se3: Certain members of the group did not participate as much as they should have.
(strongly disagree / strongly agree)

Note: Items on the questionnaire were scrambled.
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