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ABSTRACT 

This dissertation investigated the effects of group size, group member 

proximity and the interaction of these two variables on the performance of 

brainstorming groups in a synchronous, computer-mediated environment. A 

laboratory experiment was employed to manipulate the independent variables group 

size (4- and 8-member) and group member proximity. Group member proximity 

was manipulated by allowing proximate groups to work in a single meeting room, 

while members of distributed groups worked in separate rooms. The subjects, 

upper-level, undergraduate business students, were asked to identify and discuss all 

"people, groups and organizations" that would be affected by a proposed policy to 

require all undergraduate business students to have individual access to a personal 

computer. The computer-mediated brainstorming system allowed all group 

members to enter and share information simultaneously, as all communication was 

electronic. Group performance was assessed by counting the total number of 

unique solutions generated and by the sum of expert rated quality scores for each 

unique solution. Groups in all conditions contributed approximately the same 

number of comments and felt equally satisfied. Contrary to an ample body of 

noncomputer-mediated brainstorming research, large groups were more productive 

than small groups for both idea quantity and quality. Small groups were, however, 

more productive than large groups on a per person basis, as increased group size 
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yielded diminishing returns. Remote groups were more productive than proximate 

groups. Group researchers have found that group interaction produces productivity 

gains and losses, each of which increase in strength as the group size increases. This 

research found group productivity losses for computer-mediated brainstorming to be 

relatively constant, as the technology mitigated productivity inhibitors in conditions 

where prior noncomputer-mediated research has found these losses to increase (Le., 

larger groups). 



CHAPTERl 

I NTRO DUCf ION 

"Almost every time there is a genuinely important decision 
to be made in an organization, a group is assigned to make 
it - or at least to counsel and advise the individual who 
must make it" (Hackman and Kaplan, 1974:459). 

1.1 Introduction and Research Questions 

12 

The processes and outcomes of decision making and problem solving groups 

remain of abiding interest to both theoretical and applied researchers (see, for 

example, Cartwright and Zander, 1968; Hackman, 1976; McGrath, 1984). In the 

past few years this interest has been extended by the development of a variety of 

computer-based technologies designed to improve group performance by allowing 

forms of group interaction that would be difficult or impossible in a face-to-face 

group. The term "Electronic Meeting System" (EMS) refers to information 

technology based systems designed to make meetings more effective. 

The conditions under which these systems will be successful are not yet well 

understood. DeSanctis and Gallupe (1987) suggest that success is likely to depend 

on the kind of task being performed, the number of people in the group, and their 

physical proximity to one another, among many other contingencies, such as the 
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type of technological support for the group (cf. Jarvenpaa, Rao and Huber, 1988). 

Huber (1988:331) notes further the need " ... to more precisely define and measure 

the technologies themselves. As more is learned about the effects of these 

technologies, it may be found that subtle differences count." 

In this thesis, we consider the problem of providing support for groups 

working on creative, idea-generating tasks (McGrath, 1984), an aspect of group 

work that is often neglected in ul1~ided groups (Hackman and Kaplan, 1974; 

Gettys and Fisher, 1979). Working with Ol~~ generic EMS te,hnology designed to 

support such work, we examine the effects of two independent variables that are 

known to be important in group interaction: the size of the WOI k group and the 

physical proximity of group members to one another. 

1. What effect does group size have on group idea generation productivity? 

2. What effect does group member proximity have on group idea generation 

productivity? and 

3. What effect does the interaction of group size and group member proximity have 

on group idea generation productivity? 
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1.2 Research Motivation 

This research is concerned with group meetings. A group has been defined 

as "two or more people who are interacting with one another in such a manner that 

each person influences and is influenced by each other person" (Shaw, 1981:11). A 

meeting has been defined by Webster as "an act or process of coming together." 

Using these two definitions, a group meeting might be defined as the act or process 

of two or more people coming together to interaci, to influence and be influenced by 

each other. Note that in each of these definitions, none suggests what the group 

will be doing (Le., their task), none suggests that the group has to meet in the same 

location, and none suggests that the group has to meet at the same time. Recent 

technological advancements require a broad definition of group meetings, as 

telephone conferencing systems, video conferencing systems, \,;omputer 

conferencing systems, and other technological advancements allow groups to meet 

at different places and at different times. 

The study of groups and group meetings is essential, as groups are ubiquitous 

In our society. Most people, either formally or informally, belong to several 

groups. The accomplishments of these groups is strongly influenced by the many 

factors that bring the group together, the group members themselves, the 

environment in which they interact, and so on. From an organizational 
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perspective, groups are a key part of organizational life, as groups are often the 

primary means for which an organization achieves many of its goals. It has been 

estimated that group meetings account for 60-70% of information systems 

managers' time, and 30-80% of general managers' time (Hymowitz, 1988; 

Mintzberg, 1973; Mosvick and Nelson, 1987), with these proportions expected to 

increase (Huber and McDaniel, 1986). Unfortunately, most group meetings are 

not as productive as they could be (Hymowitz, 1988; Mosvick and Nelson, 1987). 

The development of information technology to support group meetings has 

been stimulated by general opinion that group meetings are inefficient (DeSanctis 

and Gallupe, 1987), especially as groups get larger (Hare, 1981). Over the past 

few years, both field and laboratory researchers have begun to study the effects of 

EMS environments on group meetings. This research has generally reported that 

the technology improves group meetings (see Dennis, George, Jessup, Nunamaker, 

and Vogel, 1988 for a review). Most of these studies have focus~d on very small 

groups, working together in the same room at the same time, although a few have 

investigated distributed groups (e.g., Gallupe and McKeen, 1988) or larger groups 

(e.g., Dennis, Valacich, and Nunamaker, 1989b). Yet no known study has 

simultaneously focused on the effects of group size and member proximity, a 

system configuration that may be common in the future. 
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Dedicated meeting room environments are expensive to build and staff. It is 

unlikely that organizations will have the resources to support all organizational 

work groups with dedicated meeting rooms. Personal computers are becoming a 

common tool on the d.esks of managers and knowledge workers. Thus a cornmon 

meeting scenario in the near future may have each group member participating in 

a meeting remotely via the personal computer in their office. 

Most previous noncomputer-mediated group research has focused on smaller 

groups (3- to 5-members), on account of the general finding that as groups get 

larger, satisfaction and individual performance decreases (Hare, 1981). However, 

there are many tasks that can benefit from, or may require, larger groups (e.g., 

strategic planning). Recent EMS research in both the field and laboratory 

indicates that larger groups may be effectively supported for some tasks (Valacich, 

Dennis, and Nunamaker, 1989b), as the use of the technology may moderate 

common noncomputer-mediated group process losses. 

Researchers must systematically investigate subtle variations in the use and 

configuration of EMS, so that contingency theories of design and use can be 

developed. This research is motivated by this goal and will investigate two 

important variables: the size of the group and their physical proximity to one 
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another. The findings of this research should provide insights for future EMS 

research, use and development. 

1.3 Chapter Summary and Organization of Thesis 

The remaining six chapters of this thesis are organized as follows. Chapter 2 

is a review of previous relevant research, and has two principal sections. The first 

section examines many productivity inhibitors associated with group interaction 

that may be mediated by the use of information technology. The second reviews 

prior EMS research specifically related to the independent variables of interest 

here. 

Chapter 3 presents the theoretical frameworks for this research. Two 

models are described, a general model for the study of groups and a specific model 

for group idea generation. Next, the research constructs and variables are outlined 

and the chapter concludes with the research hypotheses. 

Chapter 4 describes the research methodology adopted for this thesis. 

Chapter 5 presents the experimental results, while Chapter 6 discusses the 

implications of these results as they apply to EMS and group research, the 

research questions, organizational use of these systems, and system designers. The 

chapter concludes with a discussion of the limitations of our study. Chapter 7 
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discusses what we have learned from this research, future research opportunities, 

and how the experimental findings relate :'ack to more global aspects of 

technological support for group meetings as described in this chapter. 
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CHAPTER 2 

REVIEW OF PRIOR RESEARCH 

Group interaction and performance is influenced by a complex collage of 

group and task characteristics. The first section of this chapter will define groups. 

The second section will discuss many group process inhibitors that may be 

moderated by computer-mediation. The final sections will review previous 

computer-mediated group research, focusing specifically on the independent 

variables of interest, group member proximity and group size. 

2.1 Groups: Definition and Research 

Shaw (1981) defines a group as having two or more members that interact 

with and influence one another. Most group research has focused on 

noncomputer-mediated group interaction (see Hare, 1976; Shaw, 1981 for reviews) 

although recent technological innovations have spurred researchers to investigate 

the effects of electronic support systems on group process and outcome (sec 

Dennis, et aI., 1988 for a review). The study of groups is complex, with numerous 

sets of ambiguous concepts. McGrath (1984) developed a conceptual framework 

for studying groups that has been used by other EMS researchers (see DeSanctis 
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and Gallupe, 1987; Connolly, Jessup, and Valacich, 1989), and will be discllssed 

more in Chapter 3. 

2.2 Group Productivity Inhibitors 

Idea generation is a primary activity of group work (McGrath, 1984). Many 

group process techniques for improving idea generation have been suggested (see 

Delbecq, Van de Ven and Gustafson, 1975). One such technique, brainstorming, 

is the focus of this research. Brainstorming is a synchronous idea-generation 

technique that is intended to stimulate the creativity of group members by 

encouraging them to build on the contributions of others (Osborn, 1957). Osborn 

suggested that brainstorming would significantly increase the number and quality 

of ideas generated by a group, however this claim has been consistently repudiated 

for nonautomated groups by empirical investigations (see Diehl and Stroebe, 1987 

for a thorough review). 

The theoretical foundations for the use of information technology to support 

group work is rooted in social psychology. Thus, this section will focus on relevant 

noncomputer-mediated group research. For group brainstorming, a cursory view 

of the group research would suggest that groups (especially larger ones) should be 

effective, as more information may be available; performing the task should be 

more interesting and stimulating; and synergy may be produced, either through 
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idea exchange (cognitive synergy: Osborn, 1957) or by group members learning 

from and imitating more skilled group members (Shaw, 1981; Lamm and 

Trommsdorff, 1973). However, a myriad of factors act to inhibit group 

brainstorming productivity. This section will discuss those factors believed most 

closely tied to computer-mediation and information technology to support group 

work. 

The first group productivity inhibitor, production blocking, has been used 

slightly differently by several authors (Diehl and Stroebe, 1987; Jablin and Siebold, 

1978; Jablin, Siebold and Sorenson, 1977; Lamm and Trommsdorff, 1973). Here, 

the term will refer to three types of blocking: First, fully listening to other group 

members speak precludes an individual from formulating new ideas and 

comments; Second, group members who are prohibited from verbalizing their 

ideas or comments as they occur may forget or suppress them because they seem 

less relevant or less original at a later time; Finally, due to the limitations of 

human cognition, when waiting to verbalize an idea, group members focus on 

remembering that idea, rather than generating new ideas. For noncomputer

mediated brainstorming, Diehl and Stroebe (1987) found that production blocking 

is the largest group performance inhibitor and suggest that it should increase with 

group size (see also Bouchard and Hare, 1970). 
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A second group process inhibitor that is closely related to production 

blocking is air time, which refers to the need of groups to divide up the time 

available for verbal communication (Lamm and Trommsdorff, 1973). The verbal 

communication channel is sequential; where one member of the group speaks, all 

other members of the group must listen (or at least refrain from speaking). As 

groups get larger, the time available to each participant (assuming equal 

participation) shrinks in direct proportion to the increased group size (Dunnette, 

Campbell and Jaastad, 1963; Lamm and Trommsdorff, 1973; Jablin and Siebold, 

1978; Diehl and Stroebe, 1987). Previous brainstorming research has held 

constant the time used to generate ideas for different sized groups, which allows 

more time (per person) for smaller groups and may imply an unfair advantage for 

them. Yet, Diehl and Stroebe (1987) propose that the group productivity should 

focus on the number (or quality) of ideas per time unit and thus group work-time 

should be kept constant when making comparisons. 

The electronic communication channel provided by computer-mediated 

brainstorming (described below) allows all group members to make comments 

simultaneously. The interaction with the system is the same regardless of group 

size, thus each group member will have the same amount of air time. Equivalent 

air time should reduce many blocking effects and help balance group member 

participation as participants no longer need to wait for others to finish "talking" 
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before making contributions. The computer-mediated channel also enables group 

members to freely pause to consider entries and generate new ideas without 

missing the comments of others. This decoupling of making comments and 

reviewing comments of other group members should further reduce other aspects 

of production blocking (Le., enter ideas as they occur) (Valacich, et al., 1989b). 

A third inhibitor, failure to listen, simply refers to the failure of all group 

members to fully listen to each other (Diehl and Stroebe, 1987, Jablin, Siebold and 

Sorenson, 1977, Jablin and Siebold, 1978). In verbal group exchanges, group 

members may focus on their task, without listening to the contributions of others. 

Thus the group may lack focus and not have a common memory of what has 

occurred. Groups in which members fail to fully listen to other group member 

contributions may be much more prone to make auplicate ideas and comments 

and thus impact the group's productivity per time unit. However, the computer

mediated brainstorming system used here provides a complete record of the 

meeting, which can be reviewed both during and after the meeting. Valacich et al. 

(1989b) suggest that a group member's ability to examine previous work during the 

group exchange will cultivate new ideas (i.e., cognitive synergy) and reduce idea 

redundancy. 
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Another group productivity inhibitor, evaluation apprehension, the fear of 

negative evaluation of ideas, may cause individuals to withhold ideas that are not 

"safe" (Harari and Graham, 1975; Jablin, Siebold and Sorenson, 1977; Lamm and 

Trommsdorff, 1973; Jablin and Siebold, 1978; Diehl and Stroebe, 1987). 

Organizational culture and group norrns may playa key role in group productivity, 

as in some groups or organizations, the norms or culture may promote more 

evaluation apprehension, discourage the challenging of other members' views (e.g. 

more tendency towards groupthink) and promote less equal participation in the 

meeting process than other groups or organizations (Shaw, 1981). Diehl and 

Stroebe (1987) manipulated the evaluation criteria of group outcome and found a 

significant reduction in group productivity when evaluation apprehension was high. 

Computer-mediated communication in the system used in this study provides 

anonymity, which has been shown to improve group brainstorming performance 

(Connolly, et al., 1989; Jessup, Tansik and Laase, 1988). Anonymity induced 

productivity may be caused by a reduction in evaluation apprehension (Valacich, 

et al., 1989a), as anonymity provides a shield that facilitates the expression of ideas 

without fear of direct reprisals. 

A fifth productivity inhibitor, free-riding, refers to the tendency of group 

members not to participate, but rather to rely on the other members of the group 

to accomplish the taSK without their contribution (see Harkins and Petty, 1982; 
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Kerr and Bruun, 1981). While free-riding may be caused by social loafing, the 

tendency for people to exert less effort when they pool their efforts toward a 

common goal than when they are individually accountable (Steiner, 1972), group 

members are more likely to free-ride if they perceive their contributions to be 

dispensable and less necessary for success (Diehl and Stroebe, 1987). Thus, free

riding may increase in larger groups. Free-riding may also be induced by diffusion 

of responsibility within groups, as group members are typically not evaluated on 

their own individual performance (Kerr and Bruun, 1981; Harkins and Jackson, 

1985; Diehl and Stroebe, 1987). The anonymity of computer-mediated 

environments may also increase free-riding. Kerr and Bruun (1983) suggest that 

group member effort (or the lack thereof) is highly dependent on group task 

features. They propose that group members are more likely to free ride when 

addressing a disjunctive task (when only one best contribution counts as the group 

product) rather than when addressing an additive task such as idea-generation, 

where task objectives are often to develop a list of ideas or alternatives (McGrath, 

1984) and group members are often encouraged to piggyback on the ideas of 

others (Osborn, 1957). Further, many recent experiments indicate that free-riding 

is reduced or eliminated when the task is challenging or appealing (Harkins and 

Petty, 1982; Kerr and Bruun, 1983; Zaccaro, 1984). 
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Unequal participation can be caused by many of the process inhibitors 

discussed above. For example, variations in the amount of air time, production 

blocking and free-riding will affect participation. Unequal participation may also 

derive from the tendency of some group members to monopolize the group's time 

in an inefficient manner that does not contribute to the resolution of the task 

(Watson and Michaelsen, 1988; Jablin and Siebold, 1978; Bouchard and Hare, 

1970). Computer-mediated communication should balance participation since all 

group members have an equal opportunity to make contributions. 

This review suggests that there are many potential productivity inhibiting 

effects from group interaction. Further, these negative forces have been suggested 

to be stronger in larger groups (Bouchard and Hare, 1970; Hare, 1981; Shaw, 1981; 

Steiner, 1966, 1972). Various types of information technology have been 

developed to improve group productivity by attempting to moderate these negative 

forces (see Huber, 1988). We have discussed aspects of group process in terms of 

one such technology, an Electronic Meeting System, and relevant EMS research 

will be reviewed below. 
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2.3 Electronic \-feeting Support Research 

The term "Electronic Meeting System" refers to a loose cluster of systems 

that, in one way or another, " ... combine communication, computer, and decision 

technologies to support problem formulation and solution in group meetings" 

(DeSanctis and Gallupe, 1987:589; see also Dennis, et al., 1988). EMSs are 

distinguished from the individual DSSs, from which they developed, by their focus 

on group rather than individual activities (Sprague, 1980), and from the more 

general category of computer-supported cooperative work (CSCW) systems by 

their focus on relatively short-term problem-solving and decision making (Bickson, 

Eveland and Gutek, 1(89). Within these limits, EMS refers broadly to computer

based efforts to make meetings more productive (see Kraemer and King, 1988 for 

a review). 

2.3.1 EMS Dimensions 

EMS environments have several important dimensions. Operational aspects 

of specific EMS facilities are often different from implementation to 

implementation, all of which are probably significant enough to make straight 

comparisons between ~mpirical results very tenuous (see George, 1989). Different 

environments provide distinct types of support for various tasks and task phases 

(Dennis, et al., 1988). DeSanctis and Gallupe (1987) generally suggested that 
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computer-mediation can improve the group process in three ways: First, the system 

can improve communication among group members by providing an additional 

communication channel that allows parallel and simultaneous communication; 

Second, the technology can impose a process-related structure that systematically 

directs the pattern, timing or content of the discussion (Le., a structured group 

technique such as brainstorming); Finally, the system can facilitate the use of a 

structured technique for the analysis of the task, such as mathematical modeling or 

simulation. For brainstorming groups, the fi!"st and second factors (Le., the new 

channel and process structure) are the most relevant. 

Computer-mediated environments can be configured in a variety of ways to 

support the group meeting process with different configurations affecting the 

group process and outcome in different ways (DeSanctis and Gallupe, 1987). For 

example, some process environments may use both verbal and computer-mediated 

channels for brainstorming while others may only use the computer-mediated 

channel (see Dennis, .:t aI., 1989b for a discussion of various computer-mediated 

process environments). In this research, computer-mediated communication for 

supporting group brainstorming refers to an environment where computer

mediated communication is the primary group communication channel, where all 

participants can act simultaneously and in parallel, so no participant must wait for 

another to finish before making a contribution. The extent to which these 
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propositions about the technology are supported for other types of systems is a 

function of the amount of computer-mediated communication they provide. 

Past EMS research has typically used two types of group support 

environments: (1) a local area decision network (LADN) or (2) a decision room 

(DR). A LADN is characterized by many factors, including small group size, 

dispersed proximity of members, and synchronous (or "real time") exchange 

(Dennis, et al., 1988). Decision rooms differ from LADNs only in that group 

members are together in the same room. In a review of previous EMS research, 

Dennis, et al. (1988) framed the studies as they related to different support 

environments: LADN versus DR, LADN versus no support, DR versus no support 

and variant DR configurations. This research will compare groups in proximate 

and remote locations, i.e., LADN versus DR, and groups of different sizes. Thus, 

this review of previous research will focus on studies that contrasted group 

member proximity or group size. For a more complete review of the EMS 

research see Dennis, et aI., (1988) and Kraemer and King (1988). 

2.3.2 Group Member Proximity 

As EMS use grows in organizations, it is unlikely that an organization will 

have the resources tc support all groups with dedicated EMS decision rooms. 

EMSs will need to be designed to support physically dispersed groups (Le., people 
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using computers in their offices). Consequently, as EMSs begin to support 

dispersed groups, the functionality of the EMS software may change, as will many 

of the group dynamics. At the least, systems will need to integrate resident 

communication systems, such as electronic mail, to broadcast meeting facilitation 

(meeting process) information (e.g., "we will vote next," "idea generation will stop 

in 10 minutes," etc.). 

Close group member proximity has been consistently found to foster liking 

and fondness for one another (Zajonc, 1968; Festinger, Schachter and Back, 1950). 

Social facilitation research has shown that the presence of others can improve a 

person's performance for easy tasks and hinder performance for more difficult 

tasks (Zajonc, 1965). Remoteness on the other hand can foster anonymity 

(Valacich, Jessup and Nunamaker, 1989), and anonymity has been shown to 

improve group brainstorming performance (Connolly, et al., 1989). Thus, 

proximate groups may be more satisfied than remote groups, yet, depending upon 

the difficulty of the task, be less productive. 

There are three known EMS studies that have contrasted synchronous group 

interaction in LADN and DR environments (Bui, 1987; Gallupe and McKeen, 

1988; Jessup, et al., 1988). Each study used a different EMS support system and 

research design, although all studies were laboratory experiments. Bui (1987) 
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applied a univariate design with group member proximity as the only experimental 

manipulation. Groups either worked in the same face-to-face environment or in 

remote offices. They found no differences between conditions for the number of 

solutions or group member satisfaction, yet remote groups achieved higher 

solution quality in a shlJrter amount of time. 

Gallupe and McKeen (1988) compared two different systems - an EMS and 

a computer-mediated conferencing system (the Digital Equipment Company's 

VAX phone utility) - to test the effects of proximity. A 2 X 2 factorial design was 

used that crossed group member proximity with technological support (available or 

not available). They reported that remote groups took longer to reach a consensus 

and proximate groups were more satisfied, yet there was no difference in solution 

quality. Jessup et al. (1988) also used a 2 X 2 design, using group member 

proximity and anonymity as the independent variables. They found, using the 

same software used in this research, that remote groups generated the most unique 

ideas and that proximate groups were the most satisfied. 

2.3.3 Group Size 

Hare (1981) rev:ewed the group size literature and found, generally, that as 

groups get larger, satisfaction, cohesiveness, and individual performance decreases. 

However, larger groups may solve a variety of problems more efficiently than small 
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groups, but contribute less per person to the solution. But, after some point, the 

addition of new members may bring diminishing returns (i.e. increase the process 

losses, see Stiener, 1966;, 1972). Much of the noncomputer-mediated 

brainstorming research has focused on small groups (Diehl and Stroebe, 1987), as 

group brainstorming productivity has been suggested to increase as "a negatively 

decelerated function" (i.e., diminishing returns shaped curve) as group size 

increases (McGrath, 1984:132). The optimal group size for noncomputer

mediated group activity has therefore been suggested to be quite small, ranging 

from three (Mills, 1953, 1956; Bray, Kerr and Atkin, 1978; KOr.lorita and Chatkoff, 

1973) to five members (Hackman and Vidmar, 1970; Hare, 1981; Palazzolo, 1981; 

Shaw, 1981). Yet it seems likely that many factors will affect such optima and that 

some tasks will require larger groups (see Ackoff, 1981). 

Group size is an important variable for computer-mediated research, as the 

technology has been suggested to have the potential to reduce process losses 

associated with increa~,ed group size (Dennis, et al., 1988; DeSanctis and Gallupe, 

1987; Huber, 1988). The groups used in this study would conventionally be 

classified as "small" gmups, i.e., in the range of two to twenty members (Hare, 

1976; Shaw, 1981; Shepard, 1964). Note however, that interaction in groups of size 

twenty will likely be very different from that in groups of size two or three, as will 
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be the computer-mediated environments designed to support them (DeSanctis and 

Gallupe, 1987). 

Computer-mediation researchers have just begun to study the effects of 

group size. Two recent University of Minnesota studies investigated group size, 

but found no group size effects between 3- and 4-person groups. Watson, 

DeSanctis, and Poole (1988) examined the effect of group size and group support 

(no support, structured manual support, automated structured support) on aspects 

of decision maker confidence, member dominance, and satisfaction with a 

resource allocation task. Zigurs, Poole, and DeSanctis (1988) analyzed the effect 

of computer based (versus structured manual) support on influence attempts and 

patterns in small group decision making. Both studies suggested that the group 

size manipulation was not large enough to have a significant affect. 

A series of studies have been conducted to test the effects of group size Oll 

computer-mediated brainstorming (Valacich, Dennis, and Nunamaker, 1989a, 

1989b; Dennis, et al., 1989b). Valacich, et al. (1989a) used a laboratory 

experiment to examine 3- and 9-member groups addressing an idea generation 

task in anonymous and non-anonymous EMS environments. The study found that 

large groups significantly outperformed the small groups, both in terms of the total 

number of ideas and the quality of the ideas, although the small groups produced 
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more ideas per person than large groups. Small-anonymous groups felt the most 

satisfied and effective while all other conditions rated these measures about the 

same. 

Valacich, et al. (1989b) studied the effects of computer-mediation on 

brainstorming productivity. Noncomputer-mediated group brainstorming research 

has historically found real groups to be less effective at generating ideas than 

nominal groups (Le., groups constructed by pooling individual efforts). A 

laboratory experiment was conducted to compare 3-, 9- and IS-member 

computer-mediated real groups to equivalently sized nominal groups. Consistent 

with noncomputer-mediated research, 3-member nominal groups were found to be 

more productive than 3-member real groups. However, there was no difference 

for 9-member groups, while 18-member real groups were significantly more 

productive than their nominal counterparts. Noncomputer-mediated 

brainstorming research has suggested that real group interaction results in 

productivity losses and gains that increase with group size. The findings of this 

study suggest that computer-mediated group interaction also results in group 

productivity losses and gains. However, group productivity losses for computer

mediated brainstorming were relatively constant, regardless of group size. Thus, 

the productivity of computer-mediated brainstorming improved with increased 

group size at a rate greater than that of nominal groups. 
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Dennis, et al. (1989b) used a univariate design to investigate the effects of 

computer-mediation on 3-, 9- and 18- meml:>er groups addressing an idea 

generation task. The results of this study support the finding of EMS field 

research (reviewed below), which suggest that large group meetings can be at least 

as effective as small group meetings. The average participation levels of individual 

group members remained the same (or increased slightly) as the size of the group 

increased. Overall group performance increased as the size of the group 

increased, with decreasing marginal benefits for each additional member of the 

group. They report that group members tended to accurately perceive this 

increased performance, although this effect was not statistically significant. 

Satisfaction with the meeting process, although high in absolute terms for all 

groups, increased as the size of the group increased. 

2.3.4 EMS Field Research 

EMS field research is quite limited. Until recently, EMS systems existed 

primarily on university campuses and have been operational inside few 

organizations. In contrast, however, to the laboratory research, the field research 

findings have been much more consistent. Generally, operational groups are very 

satisfied with the process and outcome of their meetings and feel the EMS is more 

effective than manual methods (Adelman, 1984; Nunamaker, Applegate, and 
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Konsyns~ 1987; Vogel and Nunamaker, 1988; Dennis, Heminger, Nunamaker, 

and Vogel, 1989a; Nunamaker, Applegate, and Konsynski, 1988; Heminger, 1989; 

Martz, 1989). An explanation for this may be the ability of "real world" users to 

make better comparisons between EMS and conventional meeting methods 

(Dennis, et aI., 1988), or that most published studies have used the same 

computer-mediated system (Le., the University of Arizona EMS). Further, 

operational users of the system have reported enormous time savings from the use 

of the EMS (Heminger, 1989; Nunamaker, et aI., 1989a). These findings run 

counter to much of the experimental findings, where task performance varies 

widely. An explanation for this increased consistency may be motivational. 

Operational groups address "their" problems, while student groups often address a 

problem selected by the researcher. Further, operational tasks may be much more 

complex than experimental tasks, and, as such, are more illustrative of computer 

support benefits (Dennis, et aI., 1988). However bo~~ laboratory and field 

research play an important role in an overall research program. 

2.4 Chapter Summary 

This chapter reviewed relevant small group and EMS research. 

Noncomputer-mediated group research has shown that group interaction results in 

process losses and gains, that often increase with group size. Recent EMS 
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researc~ both laboratory and field, suggests that an EMS may reduce group 

process losses and thm improve group productivity in some situations. However, it 

is not yet clear for which tasks, groups and meeting environments these findings 

hold. Chapter 3 presents the general models for this research, the research 

concepts, variables and hypotheses. 
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CHAPTER 3 

CONCEPTS, VARIABLES AND HYPOTHESES 

This chapter presents the general guiding framework for this research. A 

conceptual framework for the study of groups is presented that is useful for 

exhibiting the important components when studying groups. This model, however, 

lacks any general theory about the relationship of specific model components to 

one another. Thus a more specific model will be presented that describes how the 

independent variables of interest may influence the group process and outcome for 

brainstorming activities. The next section describes the dependent measures in a 

conceptual manner, followed by a description of how the conceptual measures are 

operationalized in this study. Finally, the research hypotheses are presented. 

3.1 A Conceptual Framework for the Study of Groups 

A general conceptual framework for studying group processes is given by 

McGrath (1984:13) and is presented in Figure 3.1. The model is intended to lay 

out a fundamental logic for studying group interaction, i.e., to present the 

important classes of variables and their relationships to one another. This 

framework treats the group interaction process as the consequence of 

the properties of the group's members, their patterned relationships, the task 
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situation and the broader environment in which they are working. Each of these 

four elements is, in turn, influenced by the group interaction process. This section 

will describe each of these model components as they pertain to this study. 

Arrow in Model 
a 
band c 

d and e 

f 
g and h 

i andj 
k and I 
m and n 
o and p 

1I0LO.ICAL. 100IAL. ~rn:HOL"ICAL 
~"0~1I1T1l1 0' INDIVIDUALI 

• 
ITANDINI IIIOU~ 

(Gr'lII. 1"III.h" ••• 
tta"., .... , ......... n c m 

...... ,r''' •••• ,.,. 
d V

y ~ 

-1 V 
b 

TH. AOTINI I"OU' 

TH' IIHMIO" IITTINI .. ~ Car •• , til'".,,,,. Pr •••••• C) 

'Itt.,,, •• r,ta"'''' 'Itt.,,, •• , ..... ,., ., 
If ,r,", .... 1.111 

I 
••••• r •• f ., .... 1 .. , ,r • ." 

k I ....... " •• , ••• U"I. '" 
g \ r.lltI.1I .. ' •• "I" •• tli • 

... , .",,1, ..... ,,1 

If 
P "'~ ~ ,...../ 

TJIoIII III TUII1'I ON J h 0 
"UI'"'' , •.• , .• " • 

••• " •• ""1' ..... " •• -
ht'" " f 

, HVIIOAL. 10CI0-CULTUIIAL. 
TICHMOLOIiCAL '"0~IITIII 0' 

IMVIIIOMII.NTI., 

Relations Implied 
Member composition of focal group. 
Extramember effects of individuals on Behavior Setting and on Group Interaction 
Process. 
Effects on Standing Group (group structure) on Behavior Setting and on Group 
Interaction Process. 
Environmental factors as they structure the Task/Situation. 
Extratask effects of Environment on Behavior Setting and on Group Interaction 
Process. 
Effects of Task/Situation on Behavior Setting and on Group Interaction Process. 
The dynamic relation between the Behavior Setting Group Interaction Process. 
Effects of Group Interaction Process on members, and on the Standing Group. 
Effects of Group Interaction Process on Task/Situation, and on the Environment. 

Figure 3.1: Conceptual Framework for the Study of Groups (McGrath, 1984). 
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3.1.1 Properties orthe Individuals 

The properties of the individuals in the groups include traits, characteristics, 

beliefs, habits, sex, age, education, and so on. McGrath (1984) suggests that it may 

be important to take these individuals' properties into account when attempting to 

understand aspects of the group process. However, in this study individuals were 

randomly assigned to experimental conditions and drawn from large upper-division 

business core courses. This procedure should ensure that groups, both within and 

across treatments, will be similar. Randomization does not necessarily ensure that 

two groups will in fact be identical. Yet, randomization does ensure that whatever 

differences there are, they have occurred as a "random" event (Kerlinger, 1986). 

3.1.2 Properties of the Group 

The properties of the Standing Group represent the patterned relations 

among group members prior to the group interaction. These properties can 

include the group composition (ad hoc or ongoing), group size, power structure, 

and so on. In this study, ad hoc student groups were used. Group size is one of the 

independent variables used in this study. Group size has been described as an 

important variable in EMS research because the technology's potential to reduce 

large group process losses common in noncomputer-mediated interaction (Dennis, 

et al., 1988; DeSanctis and Gallupe, 1987; Huber, 1988). 
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3.1.3 Properties of the Environment 

The properties of the group environment included a number of items such as 

the location of the group interaction and the computer-mediated process 

environment used to address the task. The computer-mediated environment (i.e., 

the computer hardware and software) was constant across all conditions and will 

be discussed in detail in Section 4.4. The location of all group interaction was in 

the same building. Yet, the location of group members to one another (i.e., 

proximity) is the second independent variable of this study. Some groups worked 

together in the same room, while others worked with each group member in a 

separate office. 

3.1.4 Properties of the Task/Situation 

McGrath (1984:60) also offers an eightfold taxonomy of group tasks, and 

organizes much of his research review around this taxonomy. The interest in this 

study is in the tasks McGrath labels as Type 2, those that call for idea generation 

or creativity (Figure 3.2). 

Noncomputer-mediated brainstorming research has consistently found that 

individuals working alone are more productive than groups (Diehl and Stroebe, 

1887). Further, McGrath (1984: 131) generally states that noncomputer-mediated 
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brainstorming has its virtues, but concludes that the "evidence speaks loud and 

clear: Individuals working separately generate many more, and more creative (as 

rated by judges) ideas than do groups, even when the redundancies among member 

ideas are deleted, and of course, without the stimulation of hearing and 

piggybacking on the ideas of others. The difference is large, robust, and general" 

(original emphasis). 
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Figure 3.2: Task Circumplex (McGrath, 1984:61). 
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Based on these noncomputer-mediated findings, brainstorming research 

should be dead, however a recent study that investigated computer-mediated 

brainstorming groups versus pooled individuals found that groups could 

outperform "pooled" individuals (Valacich, et aI., 1989b). This study suggests that 

computer-mediated environments held the group process losses relatively constant 

and allowed group productivity to increase with group size (i.e., process gains: see 

Stiener, 1966, 1972 for a discussion of process losses and gains). Thus computer

mediation may require us to re-evaluate many of our accepted theories about 

group interaction and performance for computer-mediated environments (Huber, 

1988; Valacich, et aI., 1989a). 

3.1.5 Summary of Conceptual Group Research Framework 

McGrath contends that a conceptual model provides a road map for 

researchers by presenting various characteristics that can be measured, 

manipulated or controlled. A model of this type allows the problem to be defined 

and dissected into manageable chunks. He refers to his model as a metatheory, as 

it presents a way of encompassing a whole family of possible substantive theories, 

but does not specify anyone particular theory about group interaction. The model 

presents many characteristics that influence the setting, process, and performance 

of groups: individual characteristics, group characteristics, task characteristics, 
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environmental characteristics, the behavior setting. and the acting group. The 

behavior setting and the acting group are central to the framework. The acting 

group represents the patterned behavior of the group and directly impacts the 

outcome of the group interaction, i.e., the task performance of the group. The 

behavior setting represents the culmination of the patterned relations between the 

individual, group, task, and environmental characteristics (the standing group). 

The relationship between the standing and acting group represent the "fit" between 

the group addressing a specific task in a specific environment, and the group 

interaction processes and task performance of the group (see Gutek, 1988 for a 

discussion of technological fit and work group performance). 

The model for the study of groups provides a general framework presenting 

the important compor ents for the study of groups. It does not, however, specify 

any specific set of relationships between specific sets of variables or suggest any 

overriding theory of group interaction and performance. It does suggest however, 

that the group interaction process is affected by a number of factors and each must 

be considered when studying groups. In the next section, a Balance of Forces 

Model is presented that more specifically describes the relationship between the 

independent variables. the brainstorming task and the dependent measures. 
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3.2 A Balance or Forces Model 

Steiner (1966, 1972) proposed that group interaction results in process gains 

and losses. For group idea generation, aspects of the interaction that serve to 

imporve group performance are "gains" and aspects that stifle group performance 

are "losses." Connolly, et a1. (1989) propose a Balance of Forces Model for 

studying group idea-generating activities. The model has three basic components: 

independent variables, group process and dependent variables (Figure 3.3). The 

independent variables can include manipulation of any of the major components of 

the McGrath conceptual framework described above. In this study, properties of 

the group (Le., its size) and properties of the environment (Le., group member 

ploximity) will be manipulated. All other potential independent variables will be 

controlled. The group process portion of the model proposes that both positive 

(Le., process gains) and negative (Le., process losses) forces can influence 

individual idea generation as well as the group interaction and performance. The 

overall effectiveness of the group will therefore depend upon the balance it 

achieves between thes~ positive and negative forces. 
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The model builds on McGrath's analysis of tasks. It postulates that a group 

member, working alone on a task of sufficient relevance and interest, is capable of 

generating some ideas about it. Embedding this ideation in a group interaction 

could either enhance or reduce contribution of ideas. On the positive side, the 

group might provide encouragement, stimulation or reward for creative 

contributions, as is envisioned by the proponents of group brainstorming (Osborn, 

1957). On the negative side, working in a group might inhibit a contributor 

who anticipated embarrassment, hostile evaluation, conformity pressures or other 

punishments for proposing an unusual idea (i.e., evaluation apprehension: Collaros 

and Anderson, 1969). Combining individual efforts into a group output opens the 
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possibility of free riding or social loafing (see Harkins and Petty, 1982; Kerr and 

Brunn, 1981; 1983). And the mechanics of the combining process itself might 

provide obstacles to contributio~ as in ideas which are forgotten or edited while 

their originator waits for an opportunity to speak (i.e., production blocking: Lamm 

and Trommsdorff, 1973). The group's overall effectiveness in generating ideas 

thus depends on the balance it achieves between these positive and negative 

forces. 

3.3 Research Concepts and Variables 

Group outcome, and especially task performance, is often difficult to 

measure (see Connolly, et a1., 1989). Automated and nonautomated group 

meetings typically have various phases such as idea generation, issue consolidatio~ 

voting, and so on (Gersick, 1988). Each meeting phase can have different task 

performance criteria, support software, facilitation, etc., making it difficult to 

attribute exactly what affected group task performance and group member 

perceptions for a multi-phased meeting. Consequently, many empirical 

investigations have focused on group outcome during one phase of the meeting 

(e.g., idea generation) to better control any confounding factors. This study will 

focus on the group outcomes of ideation effectiveness, effici..!ncy and group 
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member satisfaction, realizing that outcome is a complex variable, which will 

change for different systems, groups and tasks. 

3.3.1 Task Performance: Effectiveness 

The notion of "effectiveness" is interpreted rather broadly in this context: An 

effective idea-generating group is one that produces a large number of good ideas. 

Reviews of the literature such as Diehl and Stroebe (1987) show that effectiveness 

has been assessed in various ways in different studies of idea generation, including 

both simple counts of number of ideas generated, and schemes in which the quality 

of these ideas was also assessed in some way such as expert evaluation or statistical 

rarity. Brainstorming instructions (Osborn, 1957) emphasize simply the quantity of 

ideas generated, leaving assessment of quality for later. It is easy to imagine 

situations in which a single, "best" idea is sought, others in which a long list of 

acceptable ideas would be more useful, still others in which a few excellent ideas 

would be as useful as many ordinary ones. In this study, effectiveness will consist 

of the quality and quantity of ideas generated. Idea quality will be operationalized 

by having experts score the quality (i.e., importance of the idea to the problem) of 

all group ideas generated. A sum of the expert ratings for all nonredundant ideas 

proposed by a group will be its effectiveness score. Idea quantity will be 
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operationalized by connting the total number of unique ideas generated by the 

group. 

3.3.2 Task Performance: Emciency 

The efficiency of group work has been looked upon differently by field and 

laboratory researchers. Laboratory experiments often focus on one aspect of 

group process (e.g., idea generation). Thus, meeting efficiency is often computed 

by counting the number of comments or nonredundant ideas made by a group over 

a fixed length of time (see Connolly, et aI., 1989; Dennis, et aI., 1989b; Jessup, et 

aI., 1988; Valacich, et aI., 1989a, 1989b), or how long groups take to reach a 

consensus for a decision making task (Gallupe and McKeen, 1988). Field studies 

have measured group efficiency over multi-phased meetings. Thus, field research 

often focuses on more aggregate measures such as schedule shrinkages, meeting 

length and the number of meetings for determining system induced efficiency (see 

Nunamaker, et aI., 1989a). In this laboratory experiment, group efficiency for an 

idea generation activity (Le., brainstorming) will be measured by counting the total 

amount of characters entered, number of comments made (Le., ideas, questions, 

etc.) and the number of nonredundant ideas proposed by the group and per person 

over a flxed period of time. 
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3.3.3 Performan.:e Perceptions: Group Member Satisfaction 

Field research suggests high levels of satisfaction with the outcome of 

computer-mediated meetings (Nunamaker, et aI., 1989a). Groups using an EMS 

at IBM, for example, report that they are more satisfied with EMS-supported 

meetings than with non-EMS-supported meetings (Nunamaker, et aI., 1989a). 

Follow-up interviews with many participants indicated that the anonymity provided 

by the EMS was an important antecedent for improved effectiveness and 

ultimately, satisfaction. Experimental research that has compared computer

mediated group work to noncomputer-mediated group work has found computer

mediated groups to late their satisfaction higher (Steeb and Johnston, 1981). lower 

(GaIlupe, DeSanctis. and Dickson. 1988; Watson, et al.. 1988). and the same 

(George. Easton. Nunamaker. and Northcraft. 1988; Jarvenpaa, Rao. and Huber. 

1988) as noncomputer-mediated groups. Laboratory research that has studied 

different system or g_-oup configurations has generally reported high levels of 

satisfaction and perceived effectiveness. although different experimental 

conditions have higher satisfaction than others (~ee Connolly. et aI., 1989; Dennis. 

et al.. 1989b; Valacich, et al., 1989a). Performance perceptions have traditionally 

been captured by some form of post-session questionnaire in both the field (see 

Jarvenpaa, et aI., 1988) and the laboratory (see George. et al.. 1988). In this study, 
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group member perceptions will be captured via a post-experimental group member 

questionnaire. 

3.4 Research Hypotheses 

3.4.1 EtTectiveness Hypotheses 

Larger groups have more "resources" and should receive more benefit from 

the process gains of the group interaction (Valacich, et aI., 1989b) than smaller 

groups. This prediction is in line with previous computer-mediated experimental 

(Dennis, et al., 1989b; Valacich, et aI., 1989a, 1989b) and field research 

(Nunamaker, et at., ) 989). Further, for computer-mediated groups using the 

Arizona electronic brainstorming system, the productivity losses caused by the 

group exchange have teen found to be relatively constant for groups of any size, as 

the interaction with the technology is the same (i.e., a group member can enter 

comments, review comments, respond to comments, etc.) (Valacich, et al., 1989b). 

Thus, group productivity should increase with increased group size at a rate similar 

to the cognitive synergy of the group interaction. However, idea generation is an 

additive task, in that as more people contribute better outcomes should be 

expected, yet the marginal performance increase for the group as each new 

member is added shot! Id decline, as the "law of diminishing returns" is expected to 

apply to additive tasks (Shaw, 1981:174). 
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Hypothesis 1: Large; groups will be more effective than smaIl groups. 

Hypothesis 2: Small groups will be more effecti,'e pCi' person t!zan large groups. 

Previous research is less clear in predicting the effects of proximity on idea 

generation. On the one hand, remoteness promotes anonymity, as remote groups 

cannot see other members of the group (Valacich, Jessup, and Nunamaker, 1989). 

Anonymity has been s lown to both improve group performance (Connolly, et aI., 

1989) and reduce group performance, as anonymity encourages free riding (Kerr 

and Brunn, 1981). H(Jwever, Jessup, et al. (1988) held group size constant (i.e., 4-

members) and found remote brainstorming groups to be more effective than 

proximate groups. Also, isolation will act to mitigate non-task behavior by remote 

group members. Thus, we hypothesize: 

Hypothesis 3: Remote groups ~.'.'Il be more effective than proximate groups. 

3.4.2 Efficiency I-Iypotheses 

As discussed abeve, various research methodologies and group tasks require 

meeting efficiency to be measured differently. In this study, group efficiency will 

be measured by counting the number of unique ideas and comments made per 

person over a fixed period of time. Larger groups have been found to make more 

overall comments than smaller groups over a fixed period of time, yet be 
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equivalent when analyzed on a per person basis (Valacich, et aI., 1989a, 1989b; 

Dennis, et al., 1989b). Thus, we hypothesize: 

Hypothesis 4: GroU,1s will be equally efficient per person, regardless of group size. 

Jessup, et al. (1988) found that remote idea generating groups produced 

more nonredundant ideas than proximate groups over a fixed amount of time. 

Further, Diehl and ~troebe (1987) found that the number of unique ideas 

generated by a group, which we call efficiency, highly correlates with solution and 

idea quality (see Hypothesis 3). Thus, we hypothesize: 

Hypothesis 5: Remote groups will be more efficient than proximate groups. 

3.4.3 Satisfaction Hypotheses 

These hypotheses focus on idea generation, the output of the groups. We 

share with others (e.g. DeSanctis, Sambamurthy, and Watson, 1988; Steeb and 

Johnston, 1981; McGrath, 1984) the belief that the satisfaction of group members 

with their work is also important, both in itself and as a predictor of group 

longevity. Noncomputer-mediated group size research has consistently found 

group member satisfaction to decrease with increased group size (Hare, 1981). 

Recent EMS research has found that members of large groups are just as satisfied 



54 

and perceive themselves to be as effective as small groups (Dennis, et aI., 1989b; 

VaIacich, et aI., 1989a). 

Hypothesis 6: Memhers of small and large groups will have similar levels of 

satisfaction. 

The proximity research, both EMS and small group, has consistently found 

that proximate groups will be more satisfied than remote groups. This effect 

should be stronger for small groups as they have been found to be more cohesive 

than large groups. 

Hypothesis 7: 

Hypothesis 8: 

Proximate groups will be more satisfied than remote groups. 

Small-proximate groups will be tire most satisfied while large and 

remote groups will be the least. 

In summary, it has been proposed that the effectiveness of an idea

generating group is determined by a somewhat subtle balance between facilitative 

and inhibiting forces, and that the balance of these forces can be shifted by 

manipulation of either group size or group member proximity. Thus, group 

member effectiveness was hypothesized to be higher in larger groups and in 

proximate groups. Further, as shown by other research, meeting efficiency often 

tracks with effectiveness. Therefore, proximate groups should be more efficient 
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than remote groups and larger groups should produce more comments overall than 

small groups, yet be equally effective per person. Previous research has found 

large computer-mediated groups to be as satisfied as small groups, and proximate 

groups are likely to be more satisfied than remote groups. However, we anticipate 

that these variables may interact and leave small-proximate groups the most 

satisfied. 

3.5 Chapter Summary 

This chapter described the overriding research model, measurement 

concepts and research hypotheses. A general conceptual framework for the study 

of groups was introduced. Aspects of this model represents the major variables 

that must be account.!d for when studying groups. A specific model was also 

introduced that described the relationship between the independent variables, 

group process and de pendent variables for an idea generation task. Next, the 

dependent measures were described. Finally, the research hypotheses were 

presented, which predict the effects of the indepe ndent variables on the dependent 

measures for an idea generation task. Next, in C:~apter 4, the research 

methodology will be presented. 
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CHAPTER 4 

METHODOLOGY 

This section describes the research methodology. The chapter begins by 

defining the independent, dependent and control variables and their relationships 

to one another. The second section describes the research design. The third 

section describes tht experimental task. The final section describes the 

experimental setting (Le., the room, hardware and software), procedures and 

subjects. 

4.1 Research Variables 

The research variables manipulated, controlled and measured can all be 

derived from McGrath's (1984) conceptual framework for the study of groups 

(Figure 3.1). In this r( search, aspects of the environment are both controlled (Le., 

the computer hardware! and software) and manipulated as an independent variable 

(i.e., the proximity of group members). Groups from all conditions performed the 

same task and had the same task performance ohjectives, thus the task situation is 

the same for all group conditions. The group composition was both controlled 

(Le., comparable subjects) and manipulated (Le., the group size). The individuals 

used to construct groups had comparable backgrounds and were drawn from a 
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common subject pool before being randomly assigned to experimental conditions. 

Each of these four elements is, in turn, influenced by the group interaction process. 

The dependent variables are aggregations of the group interaction process. The 

dependent variables consisted of both subjective and objective measures of group 

interaction and task performance. The measures were captured via a post

experimental questionnaire and the group interaction transcripts. All groups were 

introduced to and trained to use the technology in the same way. which will be 

described in detail below. 

4.1.1 Independent Variables 

The independent variables used were group size and group member 

proximity. The size 01 the experimental groups was either four or eight members. 

Throughout this thesis, groups with four members will be referred to as "small" 

groups. Groups with eight members will be referred to as "large" groups. The 

proximity manipulation was operationalized by having groups either work together 

in the same room, or by having ea(;h group member work alone in a separate 

room. Groups that worked in the same room will be referred to as "proximate" 

groups. Groups in \Jhich members worked alone in separate rooms will be 

referred to as "remote' groups. 
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4.1.1 Dependent Variables 

The dependent \ ariables are both subjective and objective measures of the 

group interaction. The subjective measures consisted of self-report data captured 

by a brief post-experimental questionnaire (Appendix A). The objective measures 

were captured though the content coding of the group interaction transcripts. 

4.1.2.1 Self-report Data 

The self-report data measured group member perceptions about the group 

interaction process. Three types of data were collected: demographic, 

manipulation checks and performance perceptions. The individual demographic 

data was collected to test the hc~ogeneity of groups in different conditions. 

Manipulation checks were also performed and used to test group member 

perceptions of their experimental condition (relative size and proximity). 

Performance percepti)ns were collected and used to supplement the objective 

measures of group interaction, so that a greater understanding of the group task 

performance and intc!raction process might be attained. In this study, the 

performance perceptions included how the group viewed their task effectiveness, 

interaction and satisfaction. 
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4.1.2.2 Transcript Data 

The major dependent variables for this research are the number of unique 

ideas generated and the quality of those ideas, as rated by experts. The files 

produced by each group were independently coded by two raters. Each rater 

identified and counted the number of unique solutions in each file. After 

completing these codings independently, the two raters met and dis,,""Ussed both 

parsings and codings to consensus. The reliability of this process was assessed by 

recording the number of times the raters changed a coding in reaching their 

consensus. There were an average of 69.2 comments per file. A comment (which 

might include ideas, questions, suggestions, clarifications, arguments, or any other 

text material) can be up to five-lines long (see description of the EBS system 

above). One rater ch;; nged an average of 2.2 codings per file, the other only 1.85, 

in arriving at agreement indicating that there was initial agreement on better than 

96% (67.1/69.2) of the codings of the files. Thus, the coding appears to have 

achieved an adequate inter-rater reliability. 

4.2 Reseach Design 

The methodology for this research was a controlled laboratory experiment. 

A 2 X 2, completely randomized factorial design was used, crossing group member 

proximity (proximate and remote) with group size (small and large) (Figure 4.1). 
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The design called for five groups per cell. Two additional groups were added for 

the small group conditions. Thus, the number of subjects used in all conditions 

was one-hundred and twenty-eight ( (2 X 6 X 4) + (2 X 5 X 8) ). 

P 
R 
o 
X 
I 

M 
I 
T 
Y 

Clo •• 

R.mot. 

GROUP SIZE 
Siz ... Size 8 

Figure 4.1: Experimental Design. 

4.3 Experimental Task 

In terms of McGrath's (1984) Task Circumplex (Figure 3.1), the task used in 

this study was a "generate" task, where the objective of the subjects was to identify 

and discuss all "people, groups and organizations" (i.e., stakeholders: Mason and 

Miteroff, 1981) that would be affected by a proposal to require all business 

students to have individual access to a personal microcomputer (See Appendix B 

for the task instrument lIsed in this study). This task was selected because it 
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generates high involvelllent in student subjects, draws on their personal knowledge 

and has been explored by other researchers (see Dennis, et al., 1989b; Easton, 

Vogel and Nunamaker, 1989; Valacich, et aI., 1989a; 1989b). 

4.4 Experimental Setting and Procedures 

This section will describe the experimental setting and procedures. The 

setting description will include a discussion of the physical room(s) used by the 

experimental groups, the computer technology and the software employed to 

support the group interaction. The experimental procedures will describe the 

steps followed by the researcher during the data collection sessions. 

4.4.1 Setting and Computer Hardware 

The EMS facility used in this research was the Arizona PlexCenter (see 

Figure 4.2). The PlexCenter has been in operation since March, 1985 (see Dennis, 

et aI., 1988, for a detaded discussion of the Arizona facilities). The main meeting 

room in the PlexCenter provides a large V-shaped table accommodating 16 

participants. The system can be configured to support many logical and 

independent groups (depending upon group size) to operate simultaneously. The 

facility provides participant work areas arranged to provide a central focus at the 

front of the room. Edch participant is provided with a separate networked, hard 
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disk-based, color graphics microcomputer workstation that is recessed into the 

work area, thus maki!lg the presence of technology as unobtrusive as possible. 

Another one or two workstations serve as the facilitator's consoles which are used 

to control the Plexsys EMS software. One large screen video display is provided at 

the front of the room. with other audio-visual support available (typically white 

boards, flip charts and overhead projectors). This minimum system configuration 

provides the necessary process support for both face-to-face dicussion and 

electronic commuication. Adjacent to the main meeting room is a control room 

that provides a wide array of electronic support, as well as a laser printer used to 

provide immediate hardcopy printouts of group sessions. A high-speed copier is 

located in a nearby o·'fice, thus enabling each group member to quickly receive 

paper copies of all meeting information. 

Individual group members worked on the experimental task in separtate 

rooms throughout the office building (i.e., breJkout rooms, equipment room and 

offices). 



Remote 
StaUoD 

o 
o 

Romota 
StalioD 

o 
o 

While 80..... w.n IlOUDte4 """""UOII lor_II White 80ud 

F.cllitalor Co ... ole I c::::J - .nd Network D 00 FUe Sener Do 
00 Do 
00 

B.rco D Do 
00 Projeclor Do 
00 Do 
00 Do 

OODD 
0 0 0 0 

, Proximate Stations ~ 

Remote Remota 
StaliOD StaUOD 

o 0 
CJ 0 

Remole 
StaUOD 

o 
o 

Remote Remote Remota ( 

__ i~_U_i_D~_Sl_,~_O_i ____________ ~ __ ita_~_O_i _____ "'___ ~~ ________ ~ ______ _ 

Figure 4.2: Schematic of the Arizona PlexCenter. 

4.4.2 The Computer Software 
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An EMS can be used in a variety of ways to support the group meeting 

process. Dennis, et al., (1989b) discuss three types of EMS-support environments: 

a chauffeured, a supported and an interactive meeting process environment. In a 

chauffeured process, only one person interacts with the technology. This person, 

often a meeting facilitator, operates the technology and is responsible for 
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managing the group process. The group interacts verbally and provides 

information to the facilitator to store, structure and present (often on a large 

public display) (see Mc:Cartt and Rorhbaugh, 1989 for an example). In a supported 

meeting process, all group members have their own workstation but are 

encouraged to use both verbal and electronic communication (see DeSanctis, 

Sambamurthy and Watson, 1988 for an example). An interactive meeting process is 

distinctly different from either a chauffeured or a supported meeting, in that the 

electronic channel provided by the EMS is used for most group communication 

(see Nunamaker, et al., 1989a for an example). Each meeting environment has 

attributes to structure and facilitate improved group meeting effectiveness 

differently (DeSanctis and Gallupe, 1987), as each provides a different amount of 

electronic communic~ltion. In this research, the EMS used to support group 

brainstorming was an interactive EMS, i.e., electronic communication was the 

primary group communication channel. 

The specific EMS software used in this research was one piece of the 

University of Arizona's PLEXSYS System, specifically the idea generation tool 

"Electronic Brainstorming" (EBS). EBS has been used by well over 100 public and 

private sector organi. :ttions and several experimental groups to support idea 

generation activities. With EBS, the meeting facilitator (in this case the 

experimenter) first creates a file containing a one sentence question, which is then 
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sent to each participant. Each group participant adds initial comments and ideas 

(up to five lines) to this file anonymously and sends it back on to the network in 

exchange for another randomly drawn group file. The group member then reads 

the ideas contained in this new file and adds to them, before exchanging the file 

for a new one. In this way, many separate electronic trains of thought are 

developed. All participants act simultaneously and in parallel, so no participant 

must wait for another to finish before making a contribution. All participants in all 

conditions were instructed to use the "system" for all group interaction and no 

verbal communication between subjects occurred. 

ELECTRONIC BRAINSTORMING 
PRIOR COMMENTS: To Scroll, Use PgUp, PgDn, Home, End 

Which people, groups, and organizations will be impacted 
by this policy and how will they be impacted? 

1.1 Students not quite making requirements to receive 
financial aid will have to find some way to get the 
money necessary to obtain a system, or be forced to drop 
out of school. 

1.2 If this policy is occurs, where will the money corne 
Insert Mode 

Your Conunents (limit of 5 lines): 

1. 11 It will definitely have a major impact on the lower 
income student. It will also impact the faculty and 
prospective employers of business school graduates. It 
will be necessary ... 

... 1 T S PRESS F 0 0 U BMIT COMMENTS Fl=HELP 

Figure 4.3: Sample EBS Screen with Research Question and Group Comments. 
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4.4.3 Experimental Procedures 

On reporting to the experimental site, subjects were first asked to sign a 

participant sign-up sheet. At the designated time, group members were allowed to 

enter the main decisi)n room of PlexCenter and asked to please take a seat. 

Subjects were allowed to sit wherever they wanted, however, different 

experimental conditic ns used different room seating arrangements. In all 

proximate conditions, dt least one-seat separated common group members. Thus, 

if a subject initially sat in an inappropriate seat. they were asked to move. Task 

instructions were distrihuted to all group members. The experimenter next read 

aloud the experimental instructions. while the subjects were asked to follow along 

on their own copies. 1 he experimenter's script can be found in Appendix C. 

The group task instructions contained two sections. The first section 

described why they wl~re there, Le., that they were an ad hoc task-force brought 

together to work on a specific task. The second section section described the 

experimental task. The subjects. along with the experimenter, read the first section 

of the instrument. The subjects were then asked to put their instructions down for 

a moment so that they could participate in a short training session of the EBS 

software. Note that both proximate groups and remote groups were introduced to 
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the technology in the S lme way (i.e., they were trained to use the technology in the 

same room in close proximity to one another). 

The training ses.;ion lasted approximately ten minutes. The experimenter 

first started the EBS software for the subjects and then read aloud a description of 

how the system worked. The EBS training question asked the groups "What 

should be done to solve the University's parking problem?" The experimenter 

asked the group to enter a response to this question and then to share it with their 

group. Each particip.mt made at least two EBS comments during the training 

session. Finally, the experimenter asked each group member individually if they 

understood how to use the system. After all group members felt comfortable with 

the use of the system, the training session was stopped and the system was 

prepared for the experimental session. 

The experimenter asked the subjects to please continue reading along with 

him, as the experimental task would now be described. The computer policy was 

described to them anJ they were asked to spend thirty minutes, using the EBS 

system, to generate and evaluate as many relevant people, groups and 

organizations as possi:,le. The instructions reminded them that there are lots of 

potential impacts of t his policy and urged them to try to identify and discuss as 

many parties as they could. They were told that their plans would eventually be 
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reviewed by a panel of experts who would rate them for quality and assign a final 

score. 

The experimenter next explained how the best performing groups would be 

paid a cash award, i.e., the group with the highest quality solutions as ranked by 

independent experts. Subjects were asked not to talk and to use the EBS system 

for all group commullication. For groups in the remote conditions, additional 

instructions were read that explained the remote manipulation. Members of the 

remote groups were t len each led to a remote workstation and asked to begin 

work when the EBS system started on their station. They were asked to please stay 

in their room until the system stopped. After groups in all conditions worked for 

ten-minutes, each group member was asked individually how things were going and 

were reminded how to review group comments. The experimenter allowed groups 

to work for exactly thirty minutes. At the end of the session, subjects filled out a 

brief post-experimental questionnaire, were debriefed and released. 

4.4.4 Subjects 

One-hundred and twenty-eight upper-divi~ion business students satisfying a 

course requirement for experimental participation served as subjects. Average age 

was 22.5 years. Fifty-eight percent were men. Subjects were drawn from large (50 

plus) sections of cor,! business classes and were randomly assigned into the 
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experimental conditions described above. Subjects were motivated to perform by 

a cash incentive. All groups were informed that the quality of their ideas (based 

on expert ratings) would be compared to that of all other groups of comparable 

size. Each member of the highest rated groups was awarded a cash award of 55.00. 

4.5 Chapter Slam mary 

This section described the research methodology. The chapter first 

described the important variables utilized by this research, group size and group 

member proximity. The dependent variables consist of both subjective and 

objective measures. Objective measures include the number and quality of 

solutions generated. Subjective measures will focus on group member perceptions 

about their interactiofl and task performance. Finally, the chapter described the 

research design (a controlled laboratory experiment using a factorial design), task, 

setting, experimental procedures and subjects. The next chapter, Chapter 5, will 

present the results of the laboratory experiment. 
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CHAPTER 5 

FINDINGS 

This chapter pr,!sents the statistical results of the data collected in the 

laboratory experiment. The statistical method used to analyze this data, both 

questionnaire and participant interaction log. was a two-way analysis of variance 

(ANOVA). The chapter begins hy describirg the procedure used and the 

reliability of the coding of the group interaction logs. Each groups' solution was 

given a quality score. Four experts were used to rate idea quality. The second 

section describes this procedure. The remaining sections presents the results of 

the dependent measur .!s described in Chapter 4. 

5.1 Measurement of Solution Quality 

A total of 47 distinct people, groups, and o;ganizations were identified by all 

the subject groups using the EBS system. General solution categories were used to 

code a specific solution which was a member of a general solution category (e.g. 

the name of a specific professor was coded as "business school faculty"). This list 

of solution items was .!valuated by three experts. The experts were asked to rate 

each item, using a fiv('-point scale, anchored by 1 ("Not at Alllt) and 5 (itA Great 

Deal"), on its importar,ce to the proposed policy (see Appendix 0 for expert rating 
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instrument). The quality score for each group solution was calculated by taking 

the sum of the average rating score for all solution items identified. A total of 

148.5 quality points were available for the 47 solution items. 

The experts had varying perspectives on the computer policy. The first 

expert is a senior faculty member from the Management and Policy Department 

who teaches both undergraduate and graduate courses. uses personal computers 

for paper and document preparation, but does not teach computer related courses. 

The second expert, a senior faculty member from the Management Information 

Systems Department, primarily teaches undergraduate computer related courses. 

The third expert is a senior member of the business school administration who 

infrequently uses personal computers and does not teach. The fourth expert is a 

senior member of the business school administration and is in charge of the 

undergraduate business curriculum. The inter-rater reliability was adequate. 82%. 

and was calculated using the generalizability method suggested by Cronbach 

(1951) and Kerlinger (1986). 

S.2 Manipulal ion Checks 

Checks on both major experimental manipulations were included in the 

post-experimental questionnaire. The proximity manipulation was checked by two 

items: "Could you see the other members of your group during your meeting?" 
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(could you see) and "During your meeting coul.l you identify who in your group 

was working and who was not?" (who was werking) (Table 5.1). Items were 

anchored by 1 ("Yes, easily") and 7 ("No, not at all"). Proximate groups most often 

rated that they could see (M = 4.2, 6.8; F = 133.82, P < .001) and identify who was 

working (M = 4.7,6.3; F = 12.60, P < .01). 

• 
I PROXIMATE I REMOTE 
I Sii' :=4 I Sizc=8 I Size ... 4 I Size - 8 (1) 

Questionnaire Item I Mean S.D. I Mean S.D. I Mean S.D. I Mean S.D. P I S 
-------------------------. -- ----_ ..... --_ .. ------ ..... _.. .. .. ---_ .. -...... _ .... -_ .. _...... .-----.. -... -----------------------------------------------
Manipulation Checks 

Proximity-
Could you see 3.0 1.34 2.4 0.68 6.7 0.61 7.0 0.00 •• 
Who was working 4.5 1.50 5.0 0.95 6.1 0.79 6.5 0.51 •• 

GroupSiu-
4,8 or Other 4.2 0.41 7.6 0.65 4.3 0.60 8.2 0.54 •• 

Participation 
Was it Equal 5.8 0.75 5.5 n.Sl 5.1 0.68 5.2 0.37 

Rated Effectiveness 
Using Skills 4.7 0.64 4.3 0.87 4.4 0.65 4.4 0.20 
Idea Generation 5.4 0.44 4.8 0.44 5.1 0.38 4.9 0.33 • 

System Ratinp 
Was Helpful 5.9 0.56 5.7 0.44 5.4 0.82 5.3 0.46 
Vs Face-to-face 4.7 1.03 4.8 0.84 4.0 1.26 4.8 0.45 

Satisractlon: 
With System 6.2 0.55 5.8 0.52 5.7 0.55 5.8 0.21 
With Process 5.4 0.54 5.1 0.44 4.9 1.10 5.2 0.46 
With Ideas 5.4 0.44 5.0 0.50 4.8 0.44 4.8 0.21 
Overall 5.7 0.32 5.4 0.44 5.4 0.59 5.5 0.16 

............ _-------------_ ....... -_ ......... ~ ........................... --_ .. -_ .......................... ~ .................................... --- --_ ........ -_ ........ -----------_ .. ---- ------ --_ .......... 
Number of Groups 6 5 6 

(1) The .p. column indicates significant main effects for Proximity, 
and the ·S· column indicates significant main effects for Group Size: 

• = p < 0.05 and •• = p < 0.01. 

Table 5.1: Summary at Post-experimental Questionnaire Data. 

5 
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The manipulation of group size was tapped by one item: "What was the size 

of your group?" Subj .!cts were presented with three choices and were asked to 

choose one of the thre e items (Size = 4, Size = 8, or other), and were scored as 

the group size indicated. If "other" was chosen, a space was provided to specify the 

group size. There was a significant effect for thi~ check with groups in most cases 

identifying their proper group size (M = 4.2,7.9; F = 243.12, p<.OOI). Thus, both 

manipulations appear to have been successful. 

5.3 Task Performance 

As discussed in Chapter 4, task performance has been operationalized as the 

"effectiveness," "efficiency" and "satisfaction" of the groups for the idea generating 

task. Task effectivent..ss con~ists of the expert-rated quality and total number of 

unique solutions proposed. Task efficiency also includes the number of unique 

solutions as well as the number of comments made and the amount of group 

output (average file and comment size). Satisfaction includes various satisfaction 

and perceived effectivt~ness measures. 

5.3.1 EfTectivem ss 

Hypothesis 1, th:lt large groups would be more effective than small groups, 

was strongly supported (Table 5.2). Large groups generated solutions of higher 
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quality (M = 72.0, 56.3; F = 29.67, P < .001) an::! quantity (M = 20.9, 15.4; F = 

45.53, p<.OO1). The quality and number of solutions per person showed a strong 

main effect for group size, with small groups more effective than large groups for 

both solution quality (M = 14.0, 9.0; F = 69.70, p<.OO1) and quantity (M = 3.8, 

2.6; F = 48.60, p<.OOI). Thus, Hypothesis 2, that small groups would be more 

effective per person th 1n large groups, was also supported. 

PROXIMATE I REMOTE 
I Siz..!=4 I Sizc=8 I Size = 4 I Size = 8 (1) 

Group Output I Mlan S.D. I Mean S.D . I Mean S.D. I Mean S.D. P I S 
.................. _._---_ .. _-------_ ...... ---_ ... ---...... _ .. _------ .................... _----_ ..... _ .. _---- ..... _--------------- --------------------- ------ ---_ ..... 
Effectiveness 

Idea Quality 51.0 8.75 70.1 7.55 61.7 4.76 74.0 4.72 • •• 
Quality / Person 12.7 2.21 8.8 0.94 15.4 1.18 9.2 0.59 • •• 
Idea Quantity 13.8 2.48 20.6 1.82 17.0 8.75 21.2 1.30 • •• 
Quantity / Person 3.4 0.62 2.6 0.23 ~.2 0.42 2.6 0.16 • •• 

Emciency 
Idea Quantity 13.8 2.48 20.6 1.82 17.0 8.75 21.2 1.30 • •• 
File Size (000) 10.4 0.91 21.7 2.88 10.2 1.01 20.5 1.73 •• 
Nbr of Comments ~7.5 9.81 95.0 13.5 47.5 9.81 90.4 9.68 •• 
Comments / Person 1 .9 2.45 11.9 1.69 11.9 2.45 11.3 1.21 
Avg Comment Size 2~).6 46.7 232.2 48.1 226.6 46.7 232.2 30.7 

-------------------_ .... --_.................... .. ......................................................................... -_ .... --_ .. ----- ....... -- ---_ ... _- ---- ..... _-------------------------_ ... ---
Number of Groups 6 5 6 

(1) The "P" column indic. tes significant main effects for Proximity, 
and the "S' column indicates significant main effects for Group Size: 

• = p < 0.05 an I •• = p < 0.01. 

Table 5.2: Summary of Coded Group Output Fill s. 

5 

Remote groups were more effective than proximate groups for both solution 

quality (M = 67.8,60 .. ); F = 6.39, p<.05) and quantity (M = 19.1,17.2; F = 5.37, 
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p < .OS). As with the group level effectiveness scores, remote group member~ were 

more effective per person than were proximate groups in terms of both idea 

quality (M = 12.3, 10.7; F = 6.7S, P < .OS) and quantity (M = 3.4, 3.0; F = S.92, 

p < .OS). These measures also showed marginal interaction effects for solution 

quality and quantity IF = 3.28, p = .087; F = 4.0S, P = .OS9, respectively) with 

small-remote group members being the most produc.tive per person and large

proximate group members being the least. These findings support Hypothesis 3, 

that remote groups would be more effective than proximate groups. 

5.3.2 Efficiency 

The manipulati(ln of group size and proximity had significant effects on the 

efficiency of these grollps. Large groups produced more output than small groups, 

when measured in terns of output file size (in characters) (M = 21068, 10288; F = 

209.96, p<.OOl) or total number of comment~ (M = 92.7, 4S.7; F = 122.92, 

p<.OOl). However, as hypothesized (Hypothesis 4), there was no significant 

difference in output per person, as each file contained about 11.7 comments per 

person. A subjective measure of group efficiency was tapped by a post

experimental questionnaire item that asked groups to "Rate the level of 

participation in" their group. The question was anchored by 1 (Very unequal) and 

7 (Very equal). Proximate groups tended to r:lte their interaction more equal, 
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although not significantly so (M = 5.6,5.1; F = 2.57, p ... 126). As reported above, 

remote groups propmed more unique solutions than proximate groups over a 

controlled time period. Thus, in terms of t1e number of unique solutions 

proposed, remote groups were more efficient than proximate groups. This finding 

supports Hypothesis 5, that remote groups would be more efficient than proximate 

groups. 

5.3.3 Satisfaction 

The post-expel imental questionnaire tapped perceptions of group 

interaction and perfvrmance and showed, in contrast, few differences across 

conditions. Two questions asked subjects to rate their group's ability at: (1) 

making use of members' skiIls, abilities, and resources; and (2) generating ideas. 

Both were scored on seven-point scale!' anchored at 1 (Very ineffective) and 7 

(Very effective). Small groups felt more effective at generating ideas than did 

large groups (M = 5.2 4.8; F = 4.72. P < .05), while there was no difference in how 

groups felt they utilize 1 their resources. 

Overall reactions to the meeting system used were positive across all 

conditions. On a seven-point scale anchored al 1 (Very unhelpful) and 7 (Very 

helpful), subjects averaged a rating of 5.6 when asked how the computer system 

enabled their group to complete this task. Further, a rating of 4.6 was given to a 
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second question that asked subjects to compare the computer-aided meeting 

process to traditional face-to-face meetings. A seven-point scale used was 

anchored at 1 (Computer meeting was less effective) and 7 (Computer meeting 

was more effective). 

Finally, subjects were asked to rate their satisfaction with various aspects of 

their experience in th.!ir groups. Memhers of ~mall-proximate groups generally 

rated themselves as being more satisfied than larger or remote groups, however, 

not significantly so. On seven-point scales anchored at 1 (Very dissatisfied) and 7 

(Very satisfied), groups rated their satisfaction with the system as 5.9, with the 

process used as 5.1, with the ideas proposed as 5.0, and overall as 5.5. Thus, 

Hypothesis 6, that gruup size will not affect satisfaction, was supported by most 

perception measures. Hypothesis 7, that proximate groups will be more satisfied 

than remote groups, i~ rejected. Hypothesis 8, that small-proximate groups would 

be the most satisfied received some support, yet Hot enough for acceptance. 

5.4 Chapter Summary 

The results of this study can he quickly summarized (Table 5.3). Large 

groups were more pr( luuctive than small groups, whether measured in terms of 

solution quality, the number of unique solutions proposed, or the number and size 

of the comments made. Small groups, however, contributed more to group 
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effectiveness per per~(ln than did large groups. Remote groups were more 

effective than proximate groups, both wholly and per person, in terms of solution 

quality and quantity. Ciroups in all conditions tended to perceive their experience 

positively, and there was only one difference between experimental conditions for 

rated effectiveness, with small groups feeling more effective. Groups in all 

conditions were highly satisfied with the system, process and outcome, and there 

were no significant differences between conditions. The next chapter will strive to 

interpret these findings and discuss their implications on future research, system 

users and designers. 

Table 5.3: Summary of Major Findings. 
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CHAPTER 6 

DISCUSSION AND IMPLICATIONS OF RESULTS 

The conjecture that group size and group member proximity are a dynamic, 

complex aspect of EMS technology underscores Huber's (1988) caution that 

differences - even subtle differences - may be profoundly important. Both of these 

variables affected group idea generation performance as framed by the principal 

research questions of this thesis: 

1. What effect does group size have on group idea generation productivity?, 

2. What effect does group member proximity have on group idea generation 

productivity?, and 

3. What effect does the interaction of group sue and group member proximity have 

on group idea generation productivity? 

This chapter will begin by summarizing the principal research findings. The next 

sections will discuss the implications of these finding on the larger aspects of EMS 

and group research as framed by the research questions. The third section will 

present a brief discussion of how these findings may affect organizational use of 

this technology. Finally, the limitations of this research will be presented. 
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6.1 Principal Research Findings 

This objective of this research was to gain an understanding of the effects of 

group member proximity and group size on the productivity of idea-generating 

groups. As discussed previously, group productivity can be defined rather broadly 

for this task, but was operationalized by the number and quality of unique ideas 

generated by each group. 

Large groups were more productive than small groups in terms of both the 

total quality and number of unique ideas presented. Small groups, however, 

proposed more unique ideas, and of higher quality, per group member than did 

large groups. This should not not be surprising as the task has a finite solution 

space and the addition of each group member ought to bring diminishing returns 

(McGrath, 1984). Thus, total group productivity (Le., number of ideas and quality 

score) was higher for larger groups but not twice as high, even though large groups 

were twice as big as small groups (eight- versus four-member groups). Large 

groups produced more overall comments than small groups, yet both large and 

small groups made about the same number of comments per person. Thus, group 

size had no effect on group efficiency when analyzed on a per person basis. 
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Remote groups were more productive than proximate groups for both 

solution quality and quantity when measured on a group, or per person basis. This 

finding was unexpected, as proximate groups were predicted to be more 

productive. The per person productivity measures showed slight interaction 

effects, with small-remote group members being the most productive and large

proximate group members being the least. The proximity manipulation had no 

effect on the total number of comments made (Le., efficiency). 

Post-experimental perceptions about the group experience were surprisingly 

similar across conditions. Subjects in all conditions felt generally favorable about 

the computer-mediated experience, the system and their performance. Proximate 

groups, especially small ones, were predicted to be more satisfied than remote 

groups, but this was not the case. However, most perception measures were rated 

higher by small-proximate groups, yet not significantly so. 

6.2 Implications for EMS and Small Group Research 

The implications of these findings to EMS and small group research are 

numerous. Previous noncomputer-mediated research suggests that group idea 

generation is not productive (Diehl and Stroebe, 1987; McGrath, 1984; Shaw, 

1981). Noncomputer-mediated research has often found that group process losses 

increases with group size (Bouchard and Hare, 1970; Hare, 1981). Consequently, 
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many researchers (including EMS) have focused their efforts on smaller group 

sizes (Hare, 1981) and organizations often strive to keep the meeting to a 

manageable size (Thelen, 1949). However, there are many situations in which 

large group interaction is advantageous (e.g., strategic planning: Ackoff, 1981) or 

required (e.g., government legislative meetings, stockholder meetings, etc.: 

DeSanctis and Gallupe, 1987). Our results show that group member remoteness 

and large group size did not adversely affect group productivity, in terms of the 

number and quality of ideas generated, by process losses common in 

noncomputer-mediated interaction. 

6.2.1 EMS EtTects on Group Productivity Inhibitors 

As discussed in Chapter 2, group interaction often results in productivity 

losses. EMSs are specifically designed to improve group communication, and as 

such, may address many of the sources of group process losses. The electronic 

communication channel provided by the EMS acted to reduce some of the 

production blocking effects found to occur in noncomputer-mediated group 

interaction. With the electronic channel, all group members were able to 

contribute simultaneously (Le., human parallel processing). The comments made 

by group members did not interfere with the thought process of others, as each 

group member could freely pause from the group interaction to develop ideas 
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without fear of missing an important contribution by other group members. The 

electronic channel allowed group members to make, on average, over 11 

comments per person in 30 minutes, regardless of the group size. The 

experimenter observed that group members in both group size conditions 

remained ''busy'' during the experiment. 

Closely related to production blocking is group member air time. In verbal 

communication, larger groups have less air time per person than smaller groups 

(i.e., larger groups can make fewer comments per person than smaller groups). 

Our findings indicate that group members had equivalent air time across all 

conditions (size and proximity), as per person participation (the number and size 

of comments) was the same. 

The level of analysis on the experimental data allows only speculation on 

how evaluation apprehension was affected by the independent variables. The 

electronic channel provided by the EMS is anonymous and group member 

anonymity is increased by both increased group size and group member 

remoteness (see Valacich, Jessup and Nunamaker, 1989). Evaluation 

apprehension would be expected to be lower for larger and remote groups. 

Reduced evaluation apprehension may be measured by counting the number of 

critical or deindividuized, comments made by a group (Connolly, et aI., 1989). 
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Deindividuation is the loss of evaluation apprehension that occurs in group 

situations that foster anonymity (Festinger, Pepitone, and Newcomb, 1952). A 

further analysis on the group comment data may allow for stronger conclusions to 

be made here, yet, this is beyond the scope of this thesis. 

Remote groups were predicted to be more likely to free-ride than proximate 

groups. However, the results indicate that this did not happen. The experimental 

design does not allow the measurement of free-riding directly, however, proximate 

groups were observed by the experimenter, and all group members observed 

appeared to be very motivated and focused. Thus, since both remote and 

proximate groups made the same number of comments (and remote groups were 

actually more effective than proximate ones), there is no evidence that increased 

group size or group member remoteness fostered group member free-riding. Kerr 

and Bruun (1983) stress that group member effort is highly dependent on task 

features. These groups appeared to be extremely motivated for this task. For 

example, after most sessions, group members asked the experimenter if this policy 

was really going to be adopted and expressed specific concerns about the policy. 

Note, however, that the groups in this study were instructed to use the 

computer-mediated channel for all group communication. This instruction is not 

artificial, as operational groups in IBM are also instructed to refrain from speaking 
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when using this same tOClI for idea generation (see Nunamaker, et al., 1989a). We 

suspect that the reduction of these group productivity inhibitors are mainly an 

artifact of the computer-mediated communication. Other EMS configurations 

may allow variant amounts of verbal communication for this type of group activity. 

The extent to which these group process losses are mediated by the technology will 

be a function of the amount of verbal and electronic communication allowed (or 

employed). 

Interaction effects of the independent variables on task performance and 

satisfaction were expected, yet none occurred. Previous proximity research has 

found, generally, that group member satisfaction is higher for proximate groups 

than for dispersed groups (Gallupe and McKeen, 1988; Jessup, et aI., 1988). 

Noncomputer-mediated group size research has often found smaller groups to be 

more satisfied than larger groups for most tasks (Hare, 1981), yet previous EMS 

research has found large groups to be as satisfied as small groups (Dennis, et aI., 

1989; Valacich, et aI., 1989a). These two variables were expected to interact and 

leave small-proximate groups most satisfied and large-remote groups the least. 

For the satisfaction measures, small-proximate groups rated their perception 

measures higher than other conditions, but not significantly. Why this effect did 

not occur is not yet clear. A possible reason why no interaction effects occurred 

may be the manner in which group members interact in this environment (Le., they 
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review and make only electronic comments), regardless of group size or group 

member proximity. This might suggest the technology dampens any negative 

effects of dispersion or increased group size. 

There were some marginal interaction effects on group member 

performance, with small-remote groups being the most effective on a per person 

basis. This finding is not surprising. As discussed above, brainstorming is an 

additive task with a finite solution space. Thus, increased group size will bring 

diminishing performance benefits for each additional group member, and our 

findings support this theory. Large groups, whether proximate or remote, averaged 

2.6 unique ideas per person. Small-remote groups averaged 4.2 unique ideas per 

person, almost 1 idea greater than small-proximate groups, which suggests that the 

effects of remoteness appear to be stronger for smaller groups. Consequently, 

group member evaluation apprehension (Le., to contribute new ideas) may have 

been dampened by remoteness. A stronger group size manipulation would 

probably cause clear significant interaction effects to occur for both effectiveness 

and perception measures. Since larger groups are more likely to make redundant 

comments and ideas, group members may perceive themselves as less effective. 
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Based upon this post hoc analysis of the results, we conclude that the use of 

EMS technology may require us to re-evaluate much of what we have learned 

about group brainstorming, group size, group member proximity and group 

interaction in general. The changes provided through the use of technology may 

render much noncomputer-mediated research peripheral to computer-mediated 

interaction (Huber, 1988), and the development of supplemental theory is needed 

(Valacich, et al., 1989a). 

6.2.2 Implications or Group Size 

Noncomputer-mediated, small-group researchers were fortunate that "large" 

groups were generally not effective for many tasks (Hare, 1981). This allowed 

researchers to focus on smaller groups, thus easing the burden of data collection, 

analysis and interpretation. There is a need for computer-mediation researchers 

to continue to study smaller groups (e.g., theory refinement, hypothesis testing and 

development, etc.), however, since larger groups can be adequately supported, and, 

as discussed above, may be required for many tasks, EMS researchers need to also 

investigate larger groups. Large group research is costly and time consuming (Le., 

larger laboratories, more difficult data analysis and interpretation, larger subject 

pools, etc.), yet the reward will be the development of more robust theories and a 

more complete understanding of the problem. 
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The groups used in this research, although physically large, would be 

classified as logically small (Nunamaker, Vogel and Konsynski, 1989b). Groups 

are logically small if there is a high overlap in the participants' task domain 

knowledge and skill; while there may be many participants, their combined domain 

knowledge and skills do not extend very far beyond the knowledge and skill of the 

most knowledgeable and skilled person in the group. Logically large groups have 

less overlap in knowledge and skills; the group has a wider range of knowledge and 

skills than anyone person in the group. 

For an idea generation task, the potential contribution of each additional 

member of a logically large group is high, relative to the potential contribution of 

each additional member of a logically small group, since there is less overlap in 

skills and knowledge among the group members. We would expect the marginal 

benefits from adding additional group members to be higher in a logically large 

group compared to a logically small group. Thus while there could still be 

declining marginal benefits to adding additional group members, they would 

decline at a slower rate. Therefore, we would anticipate the beneficial effects of 

physical group size to be greater with logically large groups than logically small 

groups. The experimental groups in this study were logically small, having been 

randomly drawn from one population. This research has shown increased benefits 

for increru,ed group size in the weakest condition (i.e., with logically small groups). 
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Therefore, we expect that these benefits would also hold in the stronger case (Le., 

with logically large groups). 

6.2.3 Implications or Group Member Proximity 

Remote groups were more effective than proximate groups and this pattern 

of results suggests that the remote groups did not free-ride, but remained more 

focused on their tasks than proximate groups. A post hoc interpretation is that 

idea generation was enhanced by group member isolation, which allowed remote 

group members to remain more focused on the idea generation task than 

proximate group members. As discussed above, proximate and remote groups 

made on average the same number of comments per person, regardless of group 

size. Why then, did the comments of remote group members contain more unique 

ideas than those of proximate groups? One explanation might be the tendency of 

proximate groups to interrupt their work when one group member makes a 

disrupting comment, laugh, or movement. For example, a group file often contains 

a humorous comment (e.g., a deliberate joke, a grammatical quirk, etc.) that 

sparks a reaction as it was passed by the system to each group member. According 

to the social facilitation research, this reaction will generally be stronger when a 

person is proximate to other group members than when alone (Zajonc, 1965). As 

this file is passed among group members, it can provoke laughter or other non-task 
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behavior. When this occurs in a proximate group, it disrupts the entire group 

process and these non-task disruptions may affect group task performance. The 

experimenter observed many examples of non-task interruptions for proximate 

groups, yet most of these detours lasted less than a few seconds. A further analysis 

of the meeting transcripts (Le., a detailed process and content analysis) may be 

able to provide some answers to these conjectures. However, this analysis is 

beyond the scope of this research, and will be conducted as a follow-up study to 

this thesis. 

6.3 Implications for Operational EMS 

This study has shown that remote groups, and larger groups, can be 

effectively supported for distributed idea generation. Although this research 

investigated only one decision making phase, the findings provide support that 

distributed organizational decision making may become a reality. Researchers 

have begun to speculate on how advanced communication technologies, such as an 

EMS, will impact organizational decision making. This section will discuss these 

phenomena with specific attention given to the effects on increased group size and 

distributed group interaction. 
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Numerous researchers have predicted that effective and efficient 

organizational decision making is required in our increasingly competitive global 

markets (Simon, 1973; Huber and McDaniel, 1986; Applegate, et al., 1988), and 

decision making effectiveness is often enhanced by increased group size (Hare, 

1981). However, recent cost factors have required organizations to downsize and 

flatten their structures and use their human resources more efficiently, often 

leaving branch offices without local experts (Applegate, et aI., 1988; Huber, 1988). 

The Delphi technique, developed by the Rand Corporation, is a method to 

systematically gather the judgments of remote experts. In a number of ways (e.g., 

facilitating the communication between a number of remote individuals), a 

distributed EMS can be thought of as an automated Delphi. Yet a distributed 

EMS will be much more efficient than the Delphi technique, as the EMS allows 

simultaneous information exchange. Thus, a distributed EMS may facilitate 

organizational decision making efficiency and effectiveness by providing 

synchronous support to large, distributed groups. 

Increasing the number of participants involved in the decision making 

process has a number of benefits beyond simply providing more skills and 

resources. Recent field research in this area has shown that larger, more 

heterogeneous decision units improve meeting effectiveness in a number of ways 

(Nunamaker, et aI., 1989a). Participants in fieid research have reported that 
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increased group size has lead to a reduction in the total elapsed time from project 

initiation to project completion (Nunamaker, et al., 1989a), as larger groups are 

less likely to need to adjourn a meeting to solicit expert opinions or administrative 

approval on key issues. Consequently, since groups may no longer need to be 

artificially constrained in size, more expertise and organizational authority can 

reside within the group at each meeting. Further, increased meeting size may also 

facilitate the implementation of a decision. 

An EMS that supports large groups can allow those organizational members 

assigned to implement a decision to participate in its formulation. It is often 

difficult to induce organizational change, as many of those involved with 

implementing a change often have little input into a decision's formulation. By 

including a wider number of lower level participants in early stages of a problem's 

resolution, decision implementation may be facilitated. By participating in the 

decision making process, those charged with its implementation will have an 

increased understanding and should be more likely to "buy into" the decision that is 

subsequently made, even if they do not actually make the decision themselves 

(Ackoff, 1981). 



93 

An EMS that supports large groups can also foster organizational learning by 

including more participants (especially lower-level employees) in meetings 

addressing organizational problems. These participants can gain a better 

understanding of the higher level goals of the organization and have a greater 

exposure to the key issues that they will face as they rise or move in the 

organization. It is unlikely, however, that all potential contributors to a decision 

will be available to meet in a proximate meeting. Thus, the support of remote 

group members will likely be a requirement for operational use of this technology. 

As discussed in Chapter 2, it will be difficult to build dedicated EMS 

facilities for all groups needing one. Our results provide evidence that effective 

remote group interaction is possible for some tasks. However, the results of this 

study may have been different if conducted in the field. For example, we have 

observed that when operational groups use a decision room to work on a problem, 

they remain relatively focused on their task (Nunamaker, et aI., 1989a). Yet, there 

are many potential interruptions for a group member working alone on a task in 

the privacy of his/her office. A remote group member could be interrupted by 

events that cannot be helped (e.g., a call from the boss) or by the participant 

purposely working on something else. Thus, remote group members working in 

their offices may be less task focused than a group in a proximate meeting over a 

given time frame. This suggests that remote group work may require systems that 
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support both synchronous and asynchronous group exchange (e.g., a computer 

conferencing system: Hiltz and Turoff, 1978). 

Huber (1988) suggested that computer-mediated communication systems 

foster communication not likely to occur otherwise, which has also been found 

empirically. Eveland and Bickson (1888) compared the development of group 

processes and structures of task forces with no computer support to those 

supported by an asynchronous, computer-mediated communication system (an 

electronic mail system). The computer-mediated groups formed structures and 

processes significantly different than non-supported groups. The authors suggest 

that the technology greatly reduced the effort of computer-supported groups to 

exchange information and thus increased the amount of intergroup communication 

(see also Foster and Flynn, 1984; Sproull and Keisler, 1986). The increased 

communication was also identified as fostering higher group involvement and 

more flexible work schedules than non-supported groups. 

The reduction in the cost of exchanging information will change the flow of 

information throughout an organization. Applegate et al., (1988) propose that 

these distributed communication technologies will form the organizational 

infrastructure and change the role of formal reporting procedures, as individuals in 

large, widely dispersed and complex corporations will be able to communicate with 
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any other individual - just as if he/she worked in a small company. Thus, 

"organizations of the future will seem as tightly connected as small ones" 

(Applegate. et al.. 1988:134). However. the type of information that is transmitted 

electronically is often much different than that transmitted verbally or face-to-face. 

A number of researchers have proposed that electronic communication does 

not have a wide enough bandwidth to transmit "soft" or "rich" information 

(Mintzberg. et al.. 1976; Dah and Lengel. 1986; Weick. 1985). Thus. the type of 

information transmitted electronically may be different than that transmitted face

to-face. However. since the cost (time and effort) of communication is lower in 

computer-mediated systems. groups can more easily keep one another up-to-date 

with issues that can be addressed electronically. thus requiring fewer face-to-face. 

formal meetings (Huber. 1988). 

Organizations need to quickly adapt to variations in an increasingly turbulent 

environment. Research on communication technology suggests that its effects will 

be systematic and pervasive (Eveland and Bickson. 1988). By supporting larger 

and distributed groups. a distributed EMS will allow an organization to mobilize 

(inform and deploy) resources quickly and efficiently. facilitating organizational 

adjustment. Thus. an EMS is a technology that may facilitate organizational 

change. as "any significant advance in information technology seems to lead 
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eventually to recognition and implementation of new organizational design 

options, options that were not previously feasible, perhaps not even envisioned" 

(Huber and McDaniel, 1986:221). Issues related to the design of systems for 

remote group interaction will be discussed in the following section. 

6.4 Design Issues for Remote Group Interaction 

We speculate that distributed group meetings will be managed much like 

current computer conferencing systems. The role of the group leader will be 

multifaceted. The group leader will be responsible for beginning and ending 

meetings, establishing meeting objectives and phases (Le., which tools to use and 

when), selecting support software, establishing participant lists (i.e., who can access 

data a,d participate), time schedules, relaying group meeting process information, 

reporting ongoing meeting status to the group, etc. A session management system 

could be used by the leader to define all required meeting information (e.g., 

choose from a list of available users, tools, times, etc.). A meeting control system, 

residing between the group support tools and meeting data, could use this session 

information to manage meeting participant activities. 

Current versions of the University of Arizona EMS tools only allow the 

meeting facilitator to start and stop meeting participants. For distributed meeting 

systems (especially if conducted asynchronously), a participant will need to initiate 
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and terminate meeting activities. Current computer conferencing systems allow 

uses to enter and leave the system at will. For example, once a user is in a 

conference, he/she can respond, send or forward comments and documents, leave 

or re-enter the system, and choose which items or conference to work on (e.g., 

respond to or read). In a distributed meeting environment, users will need to be 

able to pop-in and out of several meetings as they wish, as one user may be active 

in numerous meetings at one time. In general, a distributed EMS meeting 

environment should provide the user a shell that facilitates the selection of which 

meeting and tools to work on, as more than one tool might be active at one time. 

Distributed group meetings will change many aspects of the group process. 

Valacich, Jessup and Nunamaker (1989) propose that group process is a complex, 

multifaceted concept, consisting of numerous items such as the cognitive processes 

of group members, the meeting process itself, and group interaction process. 

When group members interact there are a number of potential effects on the 

cognitive processes of group members (e.g., mutual stimulation, idea exchange and 

combination, gains and losses from defending one's own ideas or from building on 

those of others, etc.), each of which can affect the group interaction and task 

performance. The meeting process refers to the sequence and structure of tasks 

and tools used in the meeting. The group interaction process refers to the 

interpersonal interaction of individuals working together while addressing a task 
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(see Bales, 1950). Of the three agents of process mentioned here -- cognitive, 

meeting and interaction -- interaction process has probably been the most widely 

studied aspect of group process. 

The stimulation of group member cognitive processes are facilitated by the 

group interaction itself. Thus, as EMS systems begin to support distributed 

interaction, no additional support over the current task specific tools should be 

required for group members to experience cognitive gains from the group 

interaction. In proximate, synchronous group meetings, participants are able to 

witness other group members participate and interact in the meeting. In a remote 

group meeting, participants are not able to directly witness the participation of 

other group members. Thus, a group interaction process feedback system could be 

added to distributed EMS tools. This sy;,tem could summarize group participation 

and other group activity using bar charts and other graphical displays, thus making 

the remote interaction "feel" more proximate. 

The main requirement for meeting process support IS communication. 

During meetings, group members often need to communication with one another. 

Also the group leader (facilitator) needs to provide information to the group. 

During this study, for example, the experimenter was required to go to each group 

member to provide meeting phase and facilitation information (e.g., "Please fill out 



99 

this questionnaire and then return to the main meeting room"). A resident 

communication system would have eliminated this. Consequently, a minimum 

requirement for remote group interaction, in addition to the task specific tools, is a 

resident group communication system (Le., electronic mail). 

6.S Research Limitations 

Questions of external validity must always be raised in experimentation of 

this sort. Only a limited number of groups were studied. The subjects were 

students, with no significant stakes in the outcome of their deliberations, and they 

worked for less than an hour on the task. Though the students understood the 

computer policy task, and participated adequately, the subjects were certainly not 

regular decision makers for this task domain. Subjects may have felt some degree 

of artificiality in the experimental setting, though there was no evidence to suspect 

that they did. The-only claim to ex~crnal validity is this specific Electronic Meeting 

System, which has been used over the past four years to support more than 1000 

organizational meetings (Le., of managers and professionals) as well as countless 

meetings of experimental and student groups in two facilities at the University of 

Arizona, six facilities within IBM and one facility at a federal agency. The results 

from this experimental study parallel observations from both the field and the 

laboratory. Participants in field studies report that the use of this technology 
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significantly improves group productivity, particularly for large groups, and that 

process gains from synergy in large groups are typical (Dennis, et al., 1989a; 

Nunamaker, et al., 1987, 1988, 1989a). 

6.6 Chapter Summary 

This chapter discussed the implications of the experimental results on small 

group and future computer-mediated group research. Computer-mediation 

appears to have an enormous effect on group process and group task performance. 

In this study, the effects of two variables, the size of the group and group member 

proximity, were investigated. The evaluation of the group experience focused 

mainly on group task performance. This analysis allowed many conclusions to be 

made about the effects of these variables on group performance. However, the 

interpretation as to why these events occurred were primarily speculative; further 

analysis of the group transcripts may allow more substantive conclusions to be 

made. 
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CHAPTER 7 

CONCLUSION 

This chapter has three main purposes: First, to summarize what we have 

learned from this research; Second, to suggest future research opportunities that 

could extend or refine this study; and Third, to address the broader issues of 

technological support for meetings as discussed in Chapter 1. 

7.1 What Have We Learned 

This study has provided evidence that physically dispersed groups can be 

effectively supported by computer-mediation systems for an idea generation task. 

The productivity of traditional, face-to-face group interaction has often been found 

to suffer from numerous productivity inhibitors. Synchronous, dispersed group 

brainstorming is not possible without some type of communication mediation (e.g., 

telephone, video, computer), and has therefore not been studied extensively. 

Consequently, little theory exists to help predict and explain our results. In this 

thesis, remote computer-mediated brainstorming was significantly more effective 

than proximate computer-mediated brainstorming, which has been found to be 

more effective than noncomputer-mediated face-to-face idea generation for 

operational grou~s (Nunamaker, et al., 1989a). Our findings suggest that many of 
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the common productivity inhibitors of noncomputer-mediated group interaction 

did not significantly affect distributed group productivity. We note however, that 

synchronous, distributed group work may have a number of coordination 

problems, as discussed in Chapter 6, and admit that this task/situation (Le., 

synchronous-distributed group interaction) may have been somewhat artificial. 

We also fo~nd that relatively large groups were effectively supported by 

computer-mediation systems for an idea generation task. These findings 

cvllaborate previous field and laboratory computer-mediated research, yet 

contradict prior noncomputer-mediated group research that has found large group 

meetings to be lpss productive than small group meetings (Shaw, 1981; Hare, 

1981). The maximum group size that can be adequately supported by an EMS, 

and the tasks for which large group interaction is required, remains an empirical 

question. 

The objective of this study was to test the performance of interacting 

brainstorming groups in different experimental conditions. The intentions were 

not to identify which particular group process losses and gains are most influential 

in a computer-mediated environment. Thus, we have no direct measures related 

to group proces!) losses, other than average group member participation. 
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Group members in all conditions were given an equal opportunity to 

participate and the mean participation levels were not significantly different across 

treatments. This suggests that group process losses were mitigated in conditions 

where previous noncomputer-mediated group research has found these losses to 

Increase. We interpret this to mean that process losses (e.g., production blocking, 

air time, evaluation apprehension and free-riding) were diminished across all 

conditions. While the reduction of production blocking and air time is likely due 

to the effects of the technology, the moderation in other process losses may be 

attributed to the task (Harkins and Petty, 1982; Kerr and Bruun, 1983; Zaccaro, 

1984). 

These findings imply that group process losses were held relatively constant 

for computer-mediated group interaction. We speculate, however, that this "fIxed

cost" is a function of many interacting variables and will vary depending upon the 

difficulty of the task, composition of the group, meeting phase, technological 

support, and so on. Process gains from the group interaction will also be affected 

by these ·variables. Thus, the amount of particular process losses and process gains 

will change depending upon many factors. 
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We have also found that the group effectiveness measure, solution quality, 

tracked with the number of unique solutions generated. We do not suggest that 

idea quality is the same measure as idea quantity. Yet, as discussed earlier, 

depending upon the task objectives, a good solution could be viewed as as a single, 

"best" idea, a long list of good ideas, or some other combination. Our findings 

concur with Diehl and Stroebe's (1987) analysis of brainstorming measures, that 

solution quality often correlates with the number of unique ideas proposed, for this 

task and these experimental instructions. The obvious purpose of any assessment 

methodology for brainstorming should be to come up with a number of good ideas 

(Diehl and Stroebe, 1987). However, whatever objective performance measures 

are adopted, a "good" solution will ultimately depend upon the task objectives. 

The current rapid progress in F~.~S development is running far ahead of 

empirical demonstrations of their effectiveness (Kraemer and King, 1988). It is 

clear that EMSs can be useful. The question now is to identify the features of 

EMSs that make them useful, and for what tasks, settings, and participants. 

Establishing the empirical base for such a contingency theory of EMS effectiveness 

will certainly be a large undertaking. The present study has addressed one part of 

this effort, focusing on group size and proximity as key dimensions. We have 

shown that both have significant effects on idea-generating groups, with large 

groups outproducing small groups, remote groups outproducing proximate groups, 
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and all groups perceiving their experience similarly. These resull~ are interesting 

but don't yet show the entire picture of computer-mediated support for group 

meetings. It is clear that a great deal more research lies ahead. 

7.2 Future Research 

The first and most obvious future research opportunity would be to replicate 

this study in a field setting. IBM has expressed an interest in extending the use of 

the University of Arizona EMS tools, currently used in dedicated meeting rooms, 

to distributed office work groups. This move should proceed in a cautious manner, 

as the current versions of the tools lack internal group messaging capabilities and 

must be run in a synchronous manner. However, smaller operational work groups 

could probably be adequately supported with the current tools, providing that the 

group leader used the telephone or some other method to coordinate group 

meeting activities. At this time (due to the limitations of the system) this research 

should probably limit the type of task addressed to those we have studied in the 

laboratory (i.e., some type of idea generation), as project failure may permanently 

affect participant perceptions about the technology for distributed interaction. 

A second opportunity would be to conduct laboratory replications that varied 

some aspects of the current study (e.g., group task, objectives, group size, etc.). As 

discussed in Chapter 6, idea generation is arguably well suited for distributed 
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group work. It would be interesting to see the effects of physical proximity on 

group performance and perceptions for a task such as decision making or 

consensus building, where the group must focus on the same issues at the same 

time to arrive at one common interpretation. The building of consensus (found to 

be more difficult with larger groups: see Hare, 1981) is primarily a problem of 

equivocality (Le., ambiguity, or the existence of multiple and conflicting 

interpretations of information), as differing viewpoints must be resolved (Daft and 

Lengel, 1986). Thus, it is speculated that for consensus building type activities, a 

group process that allows both verbal (for rapid feedback) and computer-mediated 

communication may be more effective than the entirely computer-mediated form 

of communication used in this research, as the increased media richness of the 

verbal channel facilitates the development of a common interpretation. Thus, 

remote group interaction may not be as effective for these tasks types. We also 

suspected that a larger group size manipulation may cause more perception 

measures to reach significance and thus should be tested. 

Another research opportunity would be to contrast the effectiveness of larger 

groups to the equivalent number of participants working in several smaller groups. 

Organizations have historically established small task forces to work on unique 

pieces of a problem. The coupling of these groups is expensive (Lawrence and 

Lorsch, 1969). An alternative would be to have one large task force, yet the 
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process losses from large group interaction often overwhelms any gains from the 

group interaction (Hare, 1981). Thus, a common strategy for integrating group 

output is through the establishment of a new position or department that serves a 

project linking role (e.g., project manager) (Lynton, 1969). The pooling of 

information from multiple sources enables the information content to be filtered, 

either intentionally or unintentionally, and this filtering will reduce the information 

available to the group as a whole, possibly at the expense of group performance 

(Daft and Lengel, 1986). Recent field research has suggested that more 

participants can effectively attend computer-mediated meetings than 

noncomputer-mediated meetings (Nunamaker, et al., 1989a). It will be important 

to determine which activities benefit from larger group interaction and what 

effects the pooling of group output has on meeting and project success. 

A third research direction relates to the identification of tasks that are 

benefited by larger groups and computer-mediation. Our findings here collaborate 

other computer-mediated idea generation findings that large brainstorming groups 

can be effectively supported. The outcomes of computer-mediated field research 

have focused on meeting and project level measures. Thus, we must systematically 

identify for which tasks computer-mediation improves large group performance, so 

that systems and groups can be configured most effectively. 
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Another research direction could contrast proximity with many aspects of 

group composition other than the group's size (e.g., the power structure or status 

of group members, the logical size of group, ad hoc versus ongoing groups, etc.). 

For example, proximity should be an important variable when studying groups with 

power differences among group members. Previous social psychology research has 

found that circumstances that diminish self-awareness, such as remoteness, lead to 

de individuated behavior (e.g., a lower amount of evaluation apprehension in a 

lower status group member) (Diener, et aI., 1980). 

A final research direction relates to meeting coordination channels. 

Previously, we described how various remote group activities required the 

experimenter to visit each participant and relay process information. The use of a 

resident electronic communication system such as electronic mail has been 

proposed as a possible media substitute for coordinating remote group meetings. 

An interesting study would be to contrast the types of coordination systems (e.g., 

an electronic mail system versus a speaker phone) and to see what effects each has 

on group performance and perceptions. 
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7.3 Cone hilS ion 

Both laboratory and field investigations have found that EMSs can be useful. 

We must now begin to identify the differences in EMSs that make them useful 

over various settings, tasks~ and participants. This study has investigated two 

components in EMS design~ We have shown that group size and proximity have 

significant effects on task performance, meeting efficiency, and participant 

satisfaction for idea-generating groups. In this computer-mediated environment, 

larger brainstorming groups were more productive than smaller groups, whether 

group members were in the same or different location. Physically dispersed groups 

were more productive than physically proximate ones on both total and per person 

measures. While the implications of these findings to other computer-mediated 

environments, tasks and groups are not yet fully understood, findings from field 

research with a variety of organizations are very promising. A research strategy to 

isolate specific aspects of the group, task and technology so that contingency 

models of computer-mediated support for groups can be developed has been 

suggested. Clearly though, much more research is needed to provide a more 

complete understanding of the impacts of computer-mediation on group 

interaction and task performance. 
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APPENDIX A 

POST·EXPERIMENTAL QUESTIONNAIRE 

The purpose of this questionnaire is to gather some demographic information on 
the participants in the study, as well as SCime information about both your 
individual experience and group experience. Your answers to this questionnaire 
will be kept confidential. 

Part I 

1. What is your age? ____ years old 

2. What is your sex? (circle one) Female Male 

3. How well do you type (circle one) 

1. Hunt and peck 
2. Rou~ h or casual typing 
3. Good typing (30 wpm - error free) 
4. Excellent typing 

4. Where were you born? -----------------------------
5. Before today, how many of your group members did you know? -----
6. Prior to today, have you ever used a computer system like this one to support 

group meetings, as part of another experiment, class, etc.? 

(circle YOlll answer) Yes No 

If yes, how many times have you used such a system prIor to today? 

Part II 

This part of the questionnaire has several statements. Please indicate how each 
statement applies to you or your group by circlinJ the appropriate number. There 
are no right or wrong answers. Many of the statements are similar to other 
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statements. Do not be concerned about this. Work quickly; just circle your first 
impression. 

1. How many people were in your group? 

4 [ ] 8 [ 1 Other ----
2. Could you see th! other members of your group during your meeting? 

Yes, easily 
2 3 4 5 6 

No, not at all 
7 

3. In the final revi:,w of your comments, will it be possible to trace specific 
comments to the person who proposed them? 

Yes, easily 
1 2 3 4 5 6 

No, not at all 
7 

4. Were the other members of your group able to trace specific comments to 
the person who proposed them? 

Yes, easily 
1 2 3 4 5 6 

No, not at all 
7 

5. During your meding could you identify who in your group was working and 
who was not? 

Yes, easily 
1 2 3 

6. How do you feel about: 

4 5 6 
No, not at all 
7 

a. the computer system your group used to discuss this problem? 

Very dissatisfied 
1 J 3 4 5 6 

Very satisfied 
7 

b. the proces: by which your group generated and evaluated ideas? 

Very dissal isfied Very satisfied 



1 2 3 4 5 6 7 

c. the ideas YOUl· group proposed? 

Very dissatisfied Very satisfied 
I 2 3 4 5 6 7 

7. All in all, how did you feel about being a member of this group? 

Very dissatisfied 
1 2 3 4 5 

8. Rate the level of participation in your group. 

Very unequal 
1 2 3 4 5 

9. Rate the tone of the group meeting. 

Very Negative 
1 2 3 4 5 

6 

6 

6 

Very satisfied 
7 

Very equal 
7 

Very Positive 
7 

to. In all the ideas that were presented, how did the group view them? 

112 

We looked for merit 
123 4 5 6 

We looked to criticize 
7 

11. Rate your group's ability at: 

a. making USt of members skills, abilities, and resources? 

Very inefft ctive 
1 2 3 4 

b. generating and evaluating ideas? 

Very ineffective 
1 2 3 4 

5 

5 

6 

6 

Very effective 
7 

Very effective 
7 
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12. How did you perceive the computer system in enabling your group to 
complete this task? 

Very unhelpful 
1 2 3 4 5 6 

Very helpful 
7 

13. Compared to traditional face-to-face meetings, rate the computer-aided 
meeting? 

Com )Uter meeting was 
less ( ffective 

123 4 

Thank you! Any comments? 

5 6 

Computer group was 
more effective 
7 
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APPENDIXB 

EXPERIMENTAL TASK INSTRUCTIONS 

INTRODUCTION 

Hello! We are MIS researchers, and we're interested in how task forces in 
organizations go about developing plans and proposals for solutions to important 
organizational problems. Typically, task forces may consist of people who work in 
different parts of an organization; they may not know each other well at all. 
Usually, task force members will hold a meeting to discuss the problem they're 
concerned about. RC'cently, systems that allow people to have "meetings" on 
computers have becon.e available. Holding a computer meeting makes it possible 
for people to make suggestions and comments about other people's suggestions 
anonymously. We've ~tsked you to come here today to work on a problem that an 
organizational task force might face in order to find out how it is for people to use 
computer systems like this one to solve problems. Systems like this are still quite 
new and we are doing research to see how they work and how people feel about 
using them. 

The problem you'll be working on is one 1.1at most of you probably have an 
opinion on. Many universities are establishing a policy to require business 
students to have access to a personal computer and software to assist them with 
their education. Before we start though, we'll begin with a brief demonstration of 
how this system works. Then we'll give you some instructions on how to proceed 
with the main part of the study. 

(PLEASE WAr:' BEFORE CONTINUNING TO THE NEXT PAGE!) 
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MICROCOMPUTER REQUIREMENTS POLICY 

Colleges of Business believe that professionals of the 1990's will be 
dramatically affected by the widespread availability of low cost computing power 
in the form of personal computers and professional workstations. In order to be 
effective in their work. professionals in any field of business will have to know how 
to use these tools. Therefore, an effort to integrate the computer throughout the 
business curriculum is being undertaken. In this manner, the student will come to 
view computing as all integral part of the way he or she conceptualizes problems 
and formulates solutions to them. Consequently, business colleges are considering 
implementing a policy requiring all business students to have individual access to a 
personal microcompulo.~r. 

A system configuration has been selected as best meeting the needs of the 
students, and will be fully supported. The selected system will be made :lvailable 
to students at an attractive price, with appropriate options for outright purchase or 
long term acquisition. A student may use systems other than the one 
recommended if such a system has equivalent capabilities and features, and is 
compatible with services which will be supplied by the College. Such other systems 
will receive only limited support from the College. The minimum system 
configurations are: 

• 
• 
• 
• 
• 
• 
• 
• 

512 kilobytes (KB) of RAM 
2 double-sided, double-density floppy disk drives 
A monochrome monitor and adapter card 
An 80 colu mn dot matrix printer and printer cable 
A parallel \.)r serial adapter card depending upon the printer 
A minimum of 10 floppy diskettes 
A modem - Bell 212A compatihle (1200 BPS) 
PC-DOS Operating System 

Additionally, students will be required to provide their own application 
software. Specific packages will be recommended by the College and will be used 
in business courses. Other software may be used if it has equivalent capabilities. 

You have been asked to discuss the impact of the policy requiring all 
business students to I ave individual access to a personal microcomputer. Your 
objective should be to Identify people, groups, and organizations that will be affected 
by this policy, and disc.t5s how they will be affected, using the electronic discussion 
system. 
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APPENDIX C 

EXPERIMENTAL SCRIPT 

1. Hand out Task 1m tructions 

2. Ask subjects to read along with experimenter 

3. Read the following 

INTRODUCTION 

Hello! We are !\lIS researchers, and we're interested in how ta~l< forces in 
organizations go about developing plans and proposals for solutions to important 
organizational problem~. Typically. task forces may consist of people who work in 
different parts of an organization; they may not know each other well at all. 
Usually, task force me nbers will hold a meeting to discuss the problem they're 
concerned about. Re,:ently, systems that allow people to have "meetings" on 
computers have become available. Holding a computer meeting makes it possible 
for people to make suggestions and comments .lbout other people's suggestions 
anonymously. We've asked you to come here today to work on a problem that an 
organizational task force might face in order to find out how it is for people to use 
computer systems like this one to solve problems. Systems like this are still quite 
new and we are doing research to see how they work and how people feel about 
using them. 

The problem you"1I be working on is one that most of you probably have an 
opinion on. Many univt!rsities are establishing a policy to require business students 
to have access to a p.!rsonal computer alld software to assist them with their 
education. Before we ~ tart though. we'll begin with a brief demonstration of how 
this system works. Theil we'll give you some instructions on how to proceed with the 
main part of the study. 

Before you move on to the task instructions we'll run through a short 
demonstrations. 
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DEMONSTRATION 

4. Start users with sa nple task and continue reading. 

On your screen you will see that it is split into two sections. In the top section 
of the screen you can see the question "What should be done to solve the U of A's 
parking problem?" In the bottom section, a window is available for you to enter an 
idea or comment to that question. At this time, please enter a comment to this 
question. After you enter your comment, press the function key "FlO". When you 
press FlO, the system will send your comment and your file to some other member 
of your group, randomly. Each member of your group will work on a separate file. 
Since you will only be working with one file at a time, you will only be able to view a 
subset of your groups comments at one time. Similarly, other members of your 
group will view and work with one file at a time. By viewing only a subset of your 
group's comments the system will allow many different conversations to take place 
at the same time. Yau can use the page-up and page-down key~ to review 
comments that may be (,ff the the page. 

Since the system will store all your group comments in one file, you will be able to 
view all group commen!s at one time. Thus, as other members of your group enter 
comments they will be ~ hared with you and will scroll across the top window. You 
can view all of your group's comments in the top window, however, you only need to 
respond to one comment at a time. In this way, the system will allow many different 
conversations to take place at the same time. Y ()u can use the page-up and page
down keys to review comments that have scrolled off the page. 

After you review a group comment, you might want to enter a response to it 
(e.g., you may wan to indicate whether you agree or disagree (but if you do agree or 
disagree, say why you do agree or disagree - just as you .. ould in a face-to-face 
conversation), you may 'vant to add other information that is relevant to the idea, or 
you may want to make, l comment that would extend or develop the other person's 
idea), or you may want .0 enter a new, different idea. The system allows you to say 
what ever you want; yOl can enter a comment that is up to five lines long, and after 
you have entered it, it .vill be stored and shared with your group, by pressing FlO. 
Then, the cycle will be~in again; review previous comments and send your reaction 
into the system that is ~ eeping track of all the comments that your group members 
make. Your objective i'. to produce as many good ideas as possible, so don't just sit 
there; review comments, make comments, and thell send them on. 
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5. Wait 5 minutes and allow them to enter a few comments 

6. Ask each subject if they understand how to use the system 

7. Reset and configure system for main part of ~tudy 

8. Continue Reading 

You see, then, th.ct this system is like an electronic secretary; the "minutes" of 
the meeting are captured by the computer. It will keep track of each person's 
contributions to the process without indicating who said it. At the end of the 
meeting there will be a complete record of the discussion. You can see that a 
system like this would be useful to keep track of what gets said in important 
planning meetings in or/janizations. One benefit of a system like this is that it would 
be easy for the director of a task force to go back and pick out the important ideas 
and summarize them in order to present them to higher-level managers. Another, 
perhaps even more important benefit, is that since the items in the record are 
entered anonymously, the director could review th~ merits of each comment without 
being influence by his or her knowledge of who made the comment. 

TASK INSTRUCTIONS 

Now that you un,lerstand how to use the computer, let me explain a little 
more about exactly what we want you to do. As I mentioned, a task force is usually 
set up to work on some specific problem that faces the organization as a whole; now 
I'm going to tell you e.-:actly how we want you to work on this problem. Please 
follow along with me wi ile I read through the next section of your instructions. 

9. Ask group to turn their page and continue reading along 
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MICROCOMPUTER REQUIREMENTS POLICY 

Colleges of Business believe that professionals of the 1990's will be 
dramatically affected by the widespread availability of low cost computing power in 
the form of personal computers and professional workstations. In order to be 
effective in their work, professionals in any field of business will have to know how 
to use these tools. Therefore, an effort to integrate the computer throughout the 
business curriculum is being undertaken. In this manner, the student will come to 
view computing as an integral part of the way he or she conceptualizes problems 
and formulates solutions to them. Consequently, business colleges are considering 
implementing a policy requiring all business students to have individual access to a 
personal microcomputel . 

A system configuration has been selected as best meeting the needs of the 
students, and will be fully supported. The selected system will be made available to 
students at an attractive price, with appropriate options for outright purchase or 
long term acquisition. A student may use systems other than the one recommended 
if such a system has equivalent capabilities and features, and is compatible with 
services which will be supplied by the College. Such other systems will receive only 
limited support from the College. The minimum system configurations are: 

• 
• 
• 
• 
• 
• 
• 
• 

512 kilobytes (KB) of RAM 
2 double-sided, double-density floppy disk drives 
A monochrome monitor and adapter card 
An 80 column dot matrix printer and printer cable 
A parallel or serial adapter card depending upon the printer 
A minimum of 10 floppy diskettes 
A modem - Jell 212A compatible (1200 BPS) 
PC-DOS 0, ·crating System 

Additionally. students will he required to provide their own application 
software. Specific packages will he recommended by the College and will be used in 
business courses. Other software may be used if it has equivalent capabilities. 

You have been asked to discuss the impact of the policy requiring all business 
students to have individual access to a personal microcomputer. Your objective 
should be to identify people, groups, and organizations that will be affected by this 
policy, and discuss how they will be affected, using the electronic discussion system. 
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The plans that you develop as a result of your discussions will eventually be 
reviewed by a pan,~l of experts in university policy in order to obtain a reliable 
measure of the quality of your work. This panel will analyze your output and give it 
a final score. 

So remember, yo 1 are to generate and evaluate as many possible people, 
groups, and organizatiolls that will be affected by this policy. Please don't talk or 
disrupt others during tht: session. 

10. Read following section if group is to be remote] 

REMOTE GROUP INSTRUCTIONS: 

You have just learned how to use this system in a single meeting room, 
however, this system can also be used to support a group meeting when all group 
members are not in the same room. It is often difficult for every group member to 
be in the same location for a meeting. Further, most executives have personal 
computers in their offie!s and we expect that a common way groups might meet in 
the future will be for pa oticipants to use the computer in their office to participate in 
an electronic meeting. So, today we are going have each of you work in separate 
rooms on this problem. I will escort each of you into a separate office and ask you 
to begin working on thi~ task. 

11. Begin experiment and record starting time 

12. Wait 10 minutes ... remind each group memb\!r how to review comments 

13. Wait 20 minutes and stop system 

14. Pass out post-expl rimental questionnaire 

15. Debrief, thank and excuse subjects 
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APPENDIX D 

EXPERT RATING INSTRUMENT 

Below is a list of people, groups and organizations that could be affected by the 
proposed policy on microcomputers. Please rate the extent to which each is 
affected. 

Not at A great 
All Deal 

BPA College as a Wholt~ 1 2 3 4 5 
BPA Faculty 1 2 3 4 5 
Future Graduates of BPA 1 2 3 4 5 
BP A Students 1 2 3 4 5 
BPA / VA Administration / Dean 1 2 3 4 5 
BPA / VA Staff 1 2 3 4 5 
Computer Labs/Computer Centers 1 2 3 4 5 
Computer Hardware Manufactures 1 2 3 4 5 
Computer Software Development Companies 1 2 3 4 5 
Electric Utilities 1 2 3 4 5 
Federal and State Governments 1 2 3 4 5 
Future Employers of BPA Graduates 1 2 3 4 5 
High Schools 1 2 3 4 5 
Primary and Middle Schools 1 2 3 4 5 
Insurance Companies 1 2 3 4 5 
Local Banks and Lendil g Institutions 1 2 3 4 5 
Local Computer Busine ,ses 1 2 3 4 5 
Low Income Students 2 3 4 5 
Minority Students 1 2 3 4 5 
Other UA Academic departments 1 2 3 4 5 
Other UA Nonacademic departments 1 2 3 4 5 
UA Bookstore 1 2 3 4 5 
UA Financial Aid Office 1 2 3 4 5 
Parents and Families of Students 1 2 3 4 5 
Prospective Students 1 2 3 4 5 
Self-supporting Students 1 2 3 4 5 
Tucson / Community / C;;ociety 1 2 3 4 5 
Taxpayers 1 2 3 4 5 
Text Book Publishers 1 2 3 4 5 
The Business World 1 2 3 4 5 
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The Economy 1 2 3 4 5 
Transfer Students 1 2 3 4 5 
University of Arizona as a Whole 1 2 3 4 5 
UA Telephone System 1 2 3 4 5 
Other Universities 1 2 3 4 5 
Handicapped Students 1 2 3 4 5 
Students on Financial A ill 1 2 3 4 5 
Students on a Scholarsh p 1 2 3 4 5 
In-State Students 1 2 3 4 5 
Out-of-State Students 1 2 3 4 5 
Part-time Students 1 2 3 4 5 
Students already Owning a Different Computer 1 2 3 4 5 
Campus Groups / Clubs / Greek~, 1 2 3 4 5 
Graduate Students / Teaching Assistants 1 2 3 4 5 
Foreign Students 1 2 3 4 5 
Foreign Graduate Studt nts 1 2 3 4 5 
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