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Abstract: The virtual teams studied in NJIT’s program of research are task-oriented groups, dispersed in time and space, that work together using computer-mediated communication (CMC) to produce a product such as the design and implementation of a software artifact. There are two basic ways of providing support or structure for virtual teams’ interaction: construct or use special software (or hardware) tools that support and guide the groups, or impose interaction processes (e.g., leadership roles, schedules of deliverables, rules of interaction) designed to enhance process gains and decrease process losses. Which approach performs better under which conditions is still a major research question. This chapter briefly reviews the literature on virtual teams, describes the evolution of a long-term series of studies on distributed teams using asynchronous computer-mediated communication, and then reports the results of several recent field experiments conducted at NJIT. These experiments included two studies of ways to provide support for large teams: One provided sophisticated listing and voting tools, and the other imposed a Delphi type process. The results were not always as hypothesized. We describe how some independent variables were dropped from subsequent studies or raised issues for future research.
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1. INTRODUCTION: LITERATURE REVIEW ON GSS AND VIRTUAL TEAMS

For over twenty years, a team of researchers centered at NJIT has conducted experiments and field studies designed to improve the effectiveness of group support systems for distributed groups communicating via asynchronous computer-mediated communication. In this chapter, we describe the persistence and evolution of interest in different independent variables, as well as of methods of inquiry, since each study or series of studies suggested additional research questions and issues. Many other technologies can help distributed teams—synchronous tools such as NetMeeting or a shared editor (Olson et al., 1993); awareness tools such as Instant Messenger; calendaring tools to help schedule meetings, etc. However, this chapter reviews a program of studies on asynchronous teams at NJIT, rather than the entire field of research on virtual teams and group support systems in general.


At NJIT we have been pursuing the broad research question of task-technology-group “fit” (Rana, Turoff, and Hiltz, 1997). Technology includes, of course, the medium or media mix used; but when the medium is computer-mediated, it also includes tools, structures, and interface. Many studies have asked, “Can software tools or group process structuring help distributed groups to coordinate their interaction and improve their effectiveness?” As noted in the GSS research framework provided by DeSanctis and Gallupe (1987), different types of tasks ( e.g., idea generating, idea evaluation) will require different types of tools and structures for optimal performance. Important group characteristics include its size and its degree of heterogeneity (cultural or otherwise). Thus, recent research has studied culturally heterogeneous teams, and larger groups or teams than the 3–5 members used in most experiments on group support systems. In particular, we have begun asking how we can best construct “social decision support systems” for very large groups.


By software “tools” we mean the use of the computer to collect, process, and display data to the group; the most frequent type of software tool is a voting or preference tool. As a “tool,” the software plays an automated and active role in guiding or supporting the interaction among group members. By “structure” we mean norms, roles, and procedures that are meant to guide group interaction. “Structure” has been something of a holy grail to the NJIT team for a long time; seeking structures that “make a difference” in helping on-line groups to coordinate and be more effective. For example, Hiltz and Turoff (1978, p. 287) wrote:

<<EXT>>

The fragrance of the future of computerized conferencing emanates from its ability o provide structure to enhance the human communication process. Specification of such factors as the number of participants; the roles that they play; who may communicate with whom, how when and under what conditions, are aspects of structure. Even when a structure is not explicitly designed and imposed on a group, there will be an implicit or emergent structure . . . There exists an obvious need for structure as the size of a group increases; hence we have evolved highly structured parliamentary systems for large face-to-face groups.

<<END EXT>>


What is the difference between CMC (computer-mediated communication), GDSS (group decision support systems), DGSS (distributed group support systems), and virtual teams? The terms overlap a great deal, but we have used the following definitions in our research. By computer-mediated communication systems, the most general term, we mean any use of the computer to support, structure, store, process, and distribute human communications or information (Hiltz and Turoff, 1978; Kerr and Hiltz, 1982; Hiltz and Turoff, 1985). Thus, besides providing the communication medium for decision support or virtual teams, CMC includes instant messaging; Web-based audio conferences or videoconferences; asynchronous, primarily text-based systems, such as e-mail or computer conferencing, etc. CMC may be used for any purpose, from electioneering (e.g., the Howard Dean presidential campaign) to e-commerce applications such as commercial Web sites, to looking for a date.


GDSS’s were defined in the classic DeSanctis and Gallupe (1987) paper as systems that combine communication, computer, and decision support tools and processes to support problem formulation and solution. For example, GDSSs usually include various kinds of voting tools, and may support processes similar to brainstorming, nominal group technique, or stakeholder analysis. GDSS research usually brings people together in “decision rooms,” but they may be distributed in space, with their computers and displays linked together via a computer network. Thus, GDSSs are usually used for a short, defined meeting period and for one or two kinds of tasks in a session (e.g., brainstorming followed by evaluation of alternatives).


In a previous paper (Turoff et al., 1993) we defined the general term group support systems as combining the characteristics of computer-mediated communication systems with the specialized tools and processes developed in the context of group decision support systems to provide communications, a group memory, and tools and structures to coordinate the group process and analyze data. Within this general category, distributed GSS use primarily asynchronous communication; in other words, the group members are distributed in time as well as in space.


Virtual teams can be considered one type of application of distributed GSS. They have been defined as a “group of geographically dispersed individuals who are assembled via technology to accomplish an organizational task”; most often they are “project teams, which are time-limited, non-repetitive groups charged with producing a one-time output” (Massey, Montoya-Weiss, and Hung, 2003, p. 130). (Of course, some primarily “virtual” teams may mix face-to-face meetings with technology-mediated meetings, and/or may persist beyond a single project.) A recent literature review of forty-three empirical studies of virtual teams published between 1991 and February 2002 (Powell, Piccoli, and Ives, 2004, p. 7) defined virtual teams more precisely as “groups of geographically, organizationally and/or time dispersed workers brought together by information and telecommunication technologies to accomplish one or more organizational tasks . . .” As Olson and Olson (2000) emphasize, “distance matters”; when group members are not gathered face-to-face, coordination becomes problematical. Coordination mechanisms and tools that “work” or “don’t work” in other media tend to have very different effects in the distributed environment.


As Walther, Boos, and Jonas (2002, p. 1) 
point out, “virtual teams are becoming increasingly common in dispersed organizations, educational settings, and other ventures.” They may or may not be “global” (spread over more than one nation) or part of a single permanent organization. In this application of CMC, a group consists of people in different locations working together to complete a joint project, with the timeframe usually varying from weeks to months.


Because successful teamwork requires coordination and cooperation, virtual teams need tools and interaction structures that will help them develop and build trust (Jarvenpaa and Leidner, 1999), as well as to work together on several phases or types of tasks from project definition to completion. This might be referred to as the “design” of virtual teams: the provision of various hardware and software tools, and the structuring of their interactions by suggested or enforced processes. The design of virtual team processes is the key research issue that has driven the recent program of NJIT experimental studies, and which will be described in Part 3 of this chapter. In particular, as Powell, Piccoli, and Ives (2004, p. 9) point out, “designs that foster knowledge sharing . . . benefit the team by ensuring that a common understanding and language is established. Once a shared language is instituted, the members of the virtual team appear to be able to complete ambiguous tasks relying on electronic communication.”


Among the other factors that have been found to strongly affect the success of virtual teams are duration (time), size, and leadership. Walther, Boos, and Jonas (2002) point out that the duration of virtual teams has significant effects on how their members relate to and work with one another:

<<EXT>>

Groups that are afforded extended periods have been shown to establish more positive relationships over time . . . whereas online groups who experience time pressure respond with fewer affective statements, harsher conflict management and poorer argumentation strategies.

<<END EXT>>


Bradner, Mark, and Hertel (2003) surveyed members of eighteen virtual teams in an international organization, of which some were in relatively small teams of four to nine members, and others in larger teams of fourteen to eighteen members. They found that compared to members of larger teams, members of smaller teams participated more actively, were more committed to their team members and more aware of the team’s goals, were better acquainted with other team members’ characteristics, and reported higher levels of rapport. This suggests that larger virtual teams will face problems if they use “plain vanilla” CMC without any special tools or procedures. However, whereas experiments with students in virtual teams usually use small groups (eg, between three and eight members), actual virtual teams in industry have mostly been larger, with all of the published studies having more than eight members, and the average in field studies being twelve to thirteen members. But as Powell et al. (2002, p. 14) point out, “no study [published before 2002] has explicitly examined virtual team size as a variable controlled during the team design phase.” As we will see below, one of the recent NJIT studies (Cho, 2004) compares teams of different group size, explicitly examining how team size interacts with the structuring of the team process.


Kayworth and Leidner (2002) studied thirteen culturally diverse global teams, each of which had a project team leader. They observed that highly effective virtual team leaders act in a mentoring role, exhibit a high degree of empathy, and are able to assert their authority without being perceived as overbearing. In addition, effective leaders provided regular, detailed, and prompt communication that coordinated group efforts by articulating the relationships among and the responsibilities of various roles.


The method used to assess the effectiveness of a group support system of any type also seems to be related to whether or not one will obtain significant results. Fjermestad and Hiltz (1999, 2000) analyzed the methods and findings of experimental studies of GSS, and of case and field studies. In examining over one hundred experimental studies, they found that using a GSS usually did not produce statistically significant improvements over unsupported face-to-face meetings. By contrast, the results of fifty-four case and field studies show that the modal outcome for a GSS in field settings is to improve performance relative to manual or other methods (as measured by effectiveness, efficiency, consensus, usability, and satisfaction) in 86.5 percent of the cases. These are much more positive results than have been obtained in laboratory experiments. Among the reasons for this difference are that field studies use participants who are normally engaged in the type of task being performed and who are doing their “real” work, thus providing participants who are motivated to achieve a positive group product, and prepared to participate in its creation. Secondly, field studies do not usually severely constrain the time given to the group, whereas experiments often do. It may take considerable time for group members to become familiar and comfortable with a new set of tools, and thus in a short time frame, they may represent a hindrance rather than a help to the group.

2. HIGHLIGHTS FROM PRIOR NJIT RESEARCH ON VIRTUAL TEAMS

During the 1980s and early 1990s, a group of NJIT faculty and PhD students began a series of experiments and field studies exploring how best to use computer-mediated communication to provide support for distributed groups interacting primarily asynchronously over the Internet or its predecessors.

2.1. NJIT CMC Research Feedback Loop

Over the years our efforts at NJIT have followed the cycle of investigation shown in Figure 6.1.

<<FIGURE 6.1 ABOUT HERE>>


The hypotheses we developed come from a variety of theories and a recognition of a wide variety of external influencing factors, process-structuring and software-supported tools and roles. To a large degree each investigation followed in the footsteps of earlier efforts; there were a number of underlying themes that remained consistent through all the efforts.

2.2. Overview of the First and Second Series of NJIT Studies

The initial series of controlled experiments in the 1980s, conducted before widespread availability of the Internet or PCs, focused on comparing face-to-face with computer-mediated communication, but actually used groups communicating from different rooms in the same building at the same time, because one could not simply give groups a few weeks to interact asynchronously and assume that they could find the equipment or the access. This initial series of three experiments is described in Turoff and Hiltz (1982); Hiltz, Turoff, and Johnson (1986); Hiltz, Johnson, and Turoff (1991); and Hiltz, Turoff, and Johnson (1991). Field studies were the only really possible way of empirically studying asynchronous CMC, since we could make sure in a longer-term field study that the participants had the needed equipment and network access. The extensive field studies included in the first series of NJIT studies were summarized in Turoff et al. (1993).


The second series of studies, which consisted solely of experiments, was reviewed in Hiltz et al. (2001). Each of the second series of studies represented an attempt to find appropriate tools and processes to coordinate different types of tasks in the McGrath (1984) “task circumplex,” within a distributed CMC environment. They examined:

<<BL>>

•
Voting tools and sequential procedures for a preference task (Dufner et al., 1994). The voting tools improved group outcomes but sequential procedures did not.

•
Conflict vs. consensus structures, plus experience (first vs. second group task) for a planning task (Fjermestad et al., 1995). The structures did not make a significant difference on effectiveness.

•
Question-response tool and a polling tool for an intellective task (peer review) (Rana, 1995). Although these tools produced few positive effects, on the whole, the mode of appropriation by the group was more important than the presence or absence of one of the tools.

•
Designated leadership and sequential vs. parallel coordination procedures for a mixed task, i.e., choosing a stock portfolio (Kim, 1996; Kim, Hiltz, and Turoff, 2002). In terms of quality of decision, parallel communication mode was more effective than sequential mode.

•
The effects of face-to-face (FtF) vs. distributed asynchronous CMC as it interacts with a structured design procedure, for software requirements design (Ocker et al., 1995). Although there was no difference in quality of design, CMC groups were more creative; the structured procedures made no difference.

•
In a follow-up experiment on the software requirements task, we found that combined media (FtF plus CMC) are more effective than asynchronous CMC alone, which in turn tends to be more effective than synchronous CMC or FtF alone (Ocker et al., 1996).

<<END BL>>


Most scholars who have spent time developing and studying CMC as a medium for group interaction share the assumption that it can be an effective and sociable form of communication, but they differ on how this can best come about. One group views such systems essentially as a technological mechanism, feeling that effective CMC must be built into a feature-rich and highly structured and restricted environment. The technology can force the group to behave in what are seen as effective ways to use the medium, in order to minimize process losses and maximize process gains, e.g., the coordinator (Flores, 1988), or software to force a completely sequential mode of coordination of interaction (Johnson-Lenz, 1991).


A second approach to building CMC systems conceives of them as a context for interaction, “containers” so to speak, just as rooms are. This conception is based on a social theory that human systems are self-organizing and arise out of the unrestricted interaction of autonomous individuals. From this perspective, the role of the computer system is to provide a place for people to meet and self-organize (Johnson-Lenz, 1991).


Regardless of one’s leanings, CMC differs greatly from face-to-face communication—e.g., see media synchronicity theory (Dennis and Valacich, 1999)—and it takes some time for individuals to effectively learn the mechanics of the system and adjust to the social dynamics of this form of interaction. In an attempt to allow for a period of adjustment, all of our experiments included at least one condition in which groups used asynchronous CMC without time pressure. Asynchronous groups had adequate training and at least a week to complete their discussions and produce their group product or decision.

2.1. Conclusions from the Second Series of Experiments

We came away from our second series of experiments with several key realizations, not the least of which was that, with only one exception (Kim, 1996), our attempts at structuring the group interaction process had no significant positive effects on outcomes.


On the other hand, the presence of software tools available for groups’ discretionary use did seem to improve the perceived richness of CMC, group processes and the resulting group outcomes.1 The tools we developed for various experiments in the second series included the ability to build a common list, a set of voting options, a “question-response activity” that structured the exchange of ideas and opinions similarly to nominal group process, the possibility of anonymity, and a “polling” tool that allowed a group to construct any sort of questionnaire type item and display results of the polling.


Experimental results indicated that coordination mechanisms and tools that “work” (or “don’t work”) in one medium tend to have very different effects in the distributed environment. For example, although Watson (1987) did not find any significant benefits for listing and voting tools in a decision room, Dufner (1995) and Rana (1995) did observe enhancement of results associated with the use of these tools in the distributed mode. We have also consistently found that designated leaders and/or technical facilitators are crucial for coordination in the asynchronous environment, and, as a result, we always provide groups with one or both of these supports.


Given the aforementioned conditions (i.e., small groups given adequate time, training, and designated leaders), it appears that groups do not need a restrictive, “mechanistic” approach to coordinate their efforts. They are capable of organizing themselves. Because of this ability, structures and procedures designed to enhance group performance are often, in actuality, overly restrictive and result in inefficient and frustrating group interaction processes. However, we felt that the situation might be quite different for larger groups.

3. OVERVIEW OF RECENT EXPERIMENTS AT NJIT

In preparing for the third series of studies, we had to build new software tools, because the CMC software world had changed with the spread of the World Wide Web and full-screen browsers. Given the results from our second series of experiments, we decided to focus on integrating tools and the structuring of interaction processes instead of treating them as two separate approaches. In particular, since virtual teams in real organizations are usually much larger than the four- or five-person groups we had used in the preceding experiments, we planned to use some larger groups and to examine whether structure becomes more helpful as group size increases. The goal was to develop and study some tools and structures that could be used for very large groups or even “publics” (large categories of people with no regular interaction, e.g., all the people interested in a particular topic, such as whether the U.S. should adopt national identity cards); a concept we labeled as “social decision support systems.” We also wanted to advance our use of CMC by exploring new possibilities for multimedia communication via the Web and wireless devices, and to examine the effects of cultural heterogeneity on virtual teams.


A summary of the methodology and results of NJIT’s 1998–2003 series of five published studies is presented in Tables 6.1 and 6.2. The following sections will explain and discuss selected aspects of these studies in more detail, and will also comment on where we might like to take each line of research in the future, based on the results we obtained. However, before reviewing these published studies, we will describe an experiment that did not work out as anticipated and that forced us to redirect our efforts.

<<TABLES 6.1 AND 6.2 ABOUT HERE>>

3.1. An Aborted Experiment on Multimedia

In 1998, when we received funding for a new series of studies, we were enthusiastic about building on our prior studies of media mixes for distributed groups by replacing virtual teams’ initial face-to-face meetings with newly-developed Web-based audio conferences and videoconferences. However, our results were not at all what we had expected. When we checked them midway through the planned experiment, we decided to abort this line of study and concentrate on other issues.


The experiment employed a single factor design consisting of four levels (Table 6.3). The independent variable, communication mode, had three conditions: an initial meeting via distributed audio conferencing, distributed videoconferencing or synchronous face-to-face, each combined with subsequent asynchronous CMC Web-based conferencing. The fourth condition (control) was asynchronous CMC Web-based conferencing without any initial synchronous session. We replicated the group size (5) and the task that had been used in Ocker et al. (1996), a modified version of development of software requirements for a computerized post office that had previously used by Olson et al. (1993), so that the results would be comparable.

<<TABLE 6.3 ABOUT HERE>>

Hypotheses
Based on media richness theory (Daft and Lengel, 1986) and our previous experiments on mixes of face-to-face and asynchronous meetings, we expected:

<<BL>>

•
Decision quality will be higher in the lower-bandwidth conditions (initial meeting: audio or asynchronous CMC alone) than for the high-bandwidth conditions (initial meeting: face-to-face or desktop video conferencing).

•
Group development will be higher in the higher-bandwidth conditions (initial meeting face-to-face or desktop video conferencing) than for the lower-bandwidth conditions (initial meeting audio or asynchronous CMC alone).

•
Process satisfaction will be higher in the higher-bandwidth conditions (initial meeting face-to-face or desktop video conferencing) than for the lower bandwidth conditions (initial meeting audio or asynchronous CMC alone).

<<END BL>>


However, we observed tremendous variance in the quality and reliability of the Web-based audio and video conditions. In particular, the Web often seemed to “slow down,” and the audio track skipped sound segments or became distorted. There seemed to be even more variance in groups’ willingness or ability to deal with technical shortcomings. Some groups cheerfully worked around the difficulties and carried on as some of their members temporarily dropped out and reconnected. Others were very intolerant of any degradation in audio quality, taking off their earphones, complaining that “this does not work,” and refusing to continue. What individual differences in physiology or personality account for this difference in tolerance for “less than (hard wired) telephone quality” audio signals is an interesting question, which we did not anticipate. There were also some cultural differences; people of some nationalities tend to talk very quickly or very softly, and their speech was more likely to be difficult to understand when digitized over the Internet.


When we paused the experiment midway through the planned number of groups to see what the data were showing us, we found that there was indeed large statistical variance within conditions, and no significant differences among conditions. Thus, we concluded that, as of the year 2000 at least, desktop Web-based audio conferencing for medium- or large-sized groups was “not yet ready for prime time,” and we dropped further experimentation with such conditions until such time as Internet2 and other technical advances may give distributed users reliable service with few technical difficulties. (Given the improvements in Web-based digital audio or video meeting systems since 2000, groups probably could manage to succeed more consistently with them now, especially if they have “back-up” technologies such as conference calls; this would be worth studying again).

3.2. Cultural Heterogeneity in Virtual Teams

As Watson, Ho, and Raman (1994, p. 54) note, “Cross-cultural studies of GSS technology are highly relevant to a post-industrial society in which managerial teams, often composed of individuals from different national cultures, will make extensive use of information technology to support group decision-making.” Jessup and Valacich (1993) recommended that the future GSS research should focus primarily on issues related to the group, rather than the technology, such as the impact of cultural norms, values, and processes. Despite the potential importance of cultural composition to the process and outcomes of groups using group support systems, very few studies have focused on this variable. The review by Fjermestad and Hiltz (1999) of approximately two hundred published GSS experiments identified only six studies where either ethnic diversity or culture was used as an independent variable. All six of these studies involved the use of synchronous (decision room) systems, and none of them compared culturally homogeneous to culturally heterogeneous groups.


The experiment conducted by Anderson (2000; see also Anderson and Hiltz, 2001) had a 2x2 design, comparing culturally homogeneous (all U.S. citizens) teams with culturally heterogeneous teams, in face-to-face vs. asynchronous CMC meetings. Classification as a “non-American” was done based on cultural identity (place of birth, number of years living in the United States, and cultural self-identification). The heterogeneous groups were designed to be as mixed as possible, representing individuals from many different national and cultural backgrounds; some of the heterogeneous groups included Americans. The group size was six, but some of the asynchronous groups lost one member during the period of on-line group work. The subjects, consisting of a total of 175 subjects from thirty-nine countries, were NJIT undergraduates, mainly majoring in information systems, computer science, or management.


The task was specifically designed for the study. Called “Noble Industries,” it was a value-laden cognitive conflict task specifically designed to elicit diverse opinions from subjects based on their cultural backgrounds. The scenario described an IS division in a medium-sized company facing the possibility of downsizing; subjects individually decided the rank order in which ten employees would be laid off, if necessary, and then the group was required to try to reach consensus on the rank order of firing. The hypothetical supervisor’s descriptions of each employee presented five employees described at one pole of Hofstede’s (1980) and Bond’s (1988) five dimensions of culture (individualism/collectivism, power distance, uncertainty avoidance, masculinity/femininity and Confucian dynamism), while the other five employees were described as being at the other pole. Basic demographic information about each employee (job title, years of service, education, and number of dependents) was also included. The purpose of the task was to force subjects to make a judgment based on their cultural values and also create an environment where value-based cultural differences would serve as the basis for conflict.


Generally, no statistically significant differences were found among conditions in the major dependent variables—i.e., influence equality within the groups, post-meeting consensus, and consensus change—except that asynchronous groups did have a lower amount of consensus change than FtF groups. A pessimistic interpretation of these results is that despite a relatively large number of subjects, there was not enough statistical power to obtain significant results. The optimistic interpretation of the results is that asynchronous CMC can be used by culturally heterogeneous teams just as effectively as by culturally homogeneous teams.


As for following up on this experiment: Due to the questionable validity of using undergraduate students to represent members of Global Virtual Teams, we would like to replicate the study of culturally heterogeneous vs. culturally homogenous teams in a field study, should we find the opportunity to do so.

3.3. Social Decision Support Systems (SDSS)

Turoff et al. (2002) proposed the concept of a social decision support system as an instrument to promote a large-scale consensus, or at least an understanding by a populace of the complex problems facing post-industrial society. It is a type of inquiry system that supports the investigation of complex topics by large groups that hold many diverse and opposing views. The objective of such a system is to facilitate the integration of diverse views into an evolving, collaborative knowledge base.


The SDSS toolkit contains the initial set of collaborative tools developed to enhance the group process so that:

<<BL>>

•
All participants can come to respect and understand the differences caused by diverse values and interests of the contributing population

•
There can be a movement towards consensus on at least some of the issues involved

•
There is limited need for human facilitation of the meta-process of communication, which is replaced by dynamic voting processes

<<END BL>>


As stated in adaptive structuration theory (AST; DeSanctis and Poole, 1991), groups will not always use coordination structures designed with a deterministic view in ways intended by system designers. They will actively choose appropriate (or inappropriate) technology to fit their own needs. The SDSS toolkit is flexible enough for groups easily to adjust their contributions and indicate relationships among them. The SDSS toolkit, designed and developed as a collaborative effort by Li and Wang (2003) has two major parts to support two processes: a list-gathering tool for collecting all the options or actions that may be available (Wang, 2003) and the dynamic voting tool (Li, 2003)

3.3.1. Design and Experimentation on the List-Gathering and Dynamic-Voting Tools

The main objective of this controlled experiment was to examine the ability of two group process support tools to enhance the effectiveness of group decision-making. The list-gathering tool was designed to help a group of users to collaboratively pull their ideas together and organize those ideas into a common list, which produces a group view or perspective. Groups can build several related lists (e.g., a list of tasks to accomplish, a list of goals to achieve, etc.). Within each list, group members can also vote on items in the list. The dynamic voting tool was designed to solicit individual preferences on the formed lists, and then help form group preferences. Rather than a simple tool that provides majority voting or simple ranking, the dynamic voting tool integrates several major voting and scaling methods. It supports “yes/no,” rank order, Likert scales, semantic differential scaling methods, and different voting methods such as plurality voting and approval voting. During a group process, members can repeatedly alter their votes (which represents their current mindset/understanding at a particular point in time). Dynamic voting is designed to improve the group process by providing a feedback mechanism on group preferences.


Procedures and Experimental Design. A field experiment used a 2x2 factorial design (vote tool, no tool; list tool, no list tool). The experiment included thirty-three groups (eight groups per cell) with between five and seven subjects per group randomly assigned to each condition. The 178 student subjects were a combination of graduate and undergraduate students. All groups were ad-hoc and received 15 percent course credit for participation. All subjects completed an asynchronous, Web-based training exercise prior to participating in the experiment.


A computer-purchasing task was used in this experiment. This was a decision-making task (type 4) (McGrath, 1984), where groups are to develop consensus on issues that do not have correct answers. The answers are open-ended and the quality of the decision-making has to be judged by experts in the field. The task took ten business days to complete.


Selected Hypotheses. The basic hypotheses fall into three categories: decision quality (perceived and judged), satisfaction, and communication (comments). It was hypothesized that:

<<BL>>

•
The decision quality and satisfaction of groups supported by either tool would be higher than groups not using a tool

•
There would be an interaction effect such that groups using both tools would be disproportionately higher in terms of both quality and satisfaction

•
The amount of communication among groups supported by either tool would be less than groups not using a tool

<<END BL>>


Results. Contrary to many of these expectations, there were very few differences between the conditions. Teams using the list tool had significantly better decision quality, as measured by the expert judges, than the teams with only manual support. There were no differences related to the voting tool. As predicted, communication (as measured by average comment length) was significantly less for the SDSS toolkit teams than manual teams. There were no interaction effects.


After obtaining these somewhat disappointing results, we discussed the possible reasons. Even though the task had been rated in pilots as “interesting,” students had not seemed very motivated. In addition, the overhead of learning new tools did not seem to be “worth it” or necessarily helpful for groups of only five to seven. We thus decided to conduct field trials with larger groups engaged in a task that was more “real” and relevant to them.

3.3.2. Field Studies of the SDSS System

The SDSS system has been used in a field study mode in five different graduate courses to allow students to propose the important things they have learned in a course and to rank order them (Wang et al., 2003). Thurstone’s law of comparative judgment can then be used to translate rank orders into a single group interval scale for the group as a whole (Li et al., 2001; Thurstone 1927).


In all the case studies of this type, most of the students participated actively and enthusiastically, since the task related to the work they had been doing in their course. This field trial produced unanticipated results: In all five cases, the students ranked things highly that the faculty member teaching the course did not expect. For example in CIS 679 (management of information systems) the highest-ranking item was “runaway projects,” to which the faculty member had devoted only one hour in the course lectures. The Thrustone scale showed this topic to be more than twice as important as the second most important item. It took the review of the student discussion about this item to determine that the students had adopted it as a framework for classifying problems discussed in the course. This has caused the faculty member to change when and how this subject is now introduced in the course.


The faculty members involved felt that these evaluations helped them improve their courses much more than the standard “student satisfaction” surveys that universities now commonly use. We were generally encouraged by the results of these field trials and hope to study some more applications of the SDSS to groups sized twenty to approximately two hundred in the future.

3.4. The Impacts of Delphi Communication Structure on Small and Medium-Sized Asynchronous Virtual Teams

The Delphi method was created in the 1950s at the RAND Corporation to allow large groups of experts to collectively examine complex problems (Linstone and Turoff, 1975). It was named after the Greek oracle at Delphi because it was often used to predict future technological breakthroughs. The technique structures and facilitates written, asynchronous communication among a large problem-solving group so that it is tailored to the nature of the problem, the characteristics of the group, and the objectives of the problem-solving exercise.


The Delphi technique has been employed to obtain physically dispersed experts’ judgments or opinions on a particular topic by combining a set of carefully designed sequential questionnaires with summarized information and opinions derived from earlier responses (Turoff, 1970).  Delphi achieves consistency by using feedback, anonymity, and iteration to reduce biases of individual and group intuitions (Linstone and Turoff, 1975).


Participants conduct controlled discussions by means of Delphi’s group feedback mechanism. Previous literature introduced two kinds of feedback: outcome feedback providing the result of a group decision making process, and cognitive feedback clarifying the decision-maker’s intentions. In general, previous research showed that outcome feedback did not help GSS groups achieve better outcomes, although cognitive feedback did (Bose and Paradice, 1999; Hiltz et al., 1991; Harmon and Rohrbaugh, 1990; Sengupta and Te’eni, 1993). This suggests that the true benefit of the Delphi technique may come from qualitative comments reflecting the insights of group members, combined with quantitative judgments.

3.4.1. Experimental Design & Procedures

The main objective of this experiment, conducted by Cho (2003), was to examine the interaction of group size with the effectiveness of a Delphi structure (Cho, 2004). The experiment used a 2x2 factorial design, which crossed process structure (Delphi structure, no imposed structure) with group size (small groups with five or six members, medium groups with ten to twelve members). In total, 396 subjects (eleven groups per condition) were recruited from undergraduate level courses. Their incentive to participate in the experiment was 10 to 20 percent of the course grade; an alternative assignment was offered. The experiment lasted two and a half weeks.


The task was the Special Technology, Inc., case, which presented a scenario involving a computer chip manufacturing company that had just developed a pill-sized object-tracking device. Groups were asked to generate as many possible applications of such a device as they could, to develop the positive and negative consequences of each application, and to rank on a three point-scale each application’s potential impact on U.S. society. This task corresponds to the combination of a creativity task (Type 2) and a decision-making task (Type 4) of McGrath’s Task circumplex (McGrath, 1984).


A WebBoard asynchronous group communication discussion board was assigned to each group. Before the task was posted, group members were instructed to log in to the discussion board and select a group coordinator. The group coordinator was responsible for distributing the workload of writing a group report to every member and ensuring that the group report was submitted on time. Pen names allowed members in both the Delphi and the unstructured conditions to remain anonymous.


The Delphi process as instantiated in this experiment is as follows:

<<BL>>

•
Anonymity: This study uses pen names

•
Facilitation: A human facilitator designs the procedure and instructions, and aggregates responses. Automated facilitation functions support nominal idea generation, group feedback, and controlled discussion (e.g., only when all group members had posted their initial ideas could other participants view them..) 

•
Delivery: A combination of an asynchronous CMC (WebBoard) and survey software (SurveyTracker) is used.
•
Nominal idea generation: Participants post their ideas in a moderated asynchronous conference.

•
The group feedback facilitator approves and reveals the list of items group members generate. The facilitator generates a report of voting results using SurveyTracker and posts the URL of the report in the WebBoard; participants comment on others’ ideas.

•
Iteration: A sequence of instructions is posted in a conference. Two rounds of voting are used.

<<END BL>>

3.4.2. Hypotheses and Results

Due to the enforced individual initial contribution, members of Delphi groups are expected to participate more in group discussion regardless of their status or personal predispositions, because this structure provides equal opportunity for every member to express his or her opinion on the issue. Since small groups tend to have less free riding than medium-sized groups, the members in a small group are expected to participate more equally, even without Delphi structuring. However, the individual idea generation phase of Delphi should make members in medium or large-sized groups participate much more equally than members of small groups, who might feel a greater commitment to their efforts. From the above reasoning, hypotheses included:

<<BL>>

•
The unstructured asynchronous groups will participate in discussion less equally than the Delphi groups.

•
Medium-sized groups will participate in discussion less equally than small groups.
· Delphi will have a greater impact on equality in medium sized groups than small groups.

<<END BL>>


Van de Ven and Delbecq (1971) stated that based on three measures of performance (the number of unique ideas per person, the mean total number of ideas, and the quality of ideas produced), nominal groups (groups wherein each member generates ideas alone without interacting with other members, as in the initial phase of this Delphi structure) have been found to be significantly superior to interacting groups. Therefore, it was hypothesized that:

<<BL>>

•
The Delphi groups will produce more raw ideas, more unique ideas per group, more raw ideas per person, and more rare (i.e., creative, occurring only in one or two groups) ideas than the unstructured asynchronous groups.

•
The medium-sized groups will produce more raw ideas and more unique ideas, but fewer unique ideas per person and fewer rare ideas per person than the small groups.

•
Communication structure interacts with group size so that the medium-sized Delphi groups will produce disproportionately more rare ideas per person than the small Delphi groups.

<<END BL>>


The results support the majority of the hypotheses in that Delphi teams demonstrated significantly greater participation equality than the unstructured teams. Surprisingly, the medium-sized teams (12 members) had greater participation equality than did the smaller teams (6 members). In terms of decision quality, as measured by the number of raw ideas, unique ideas, and unique ideas per person, the Delphi teams outperformed the unstructured teams and the medium-size teams outperformed the smaller teams. There were no significant differences observed for creativity, quality of the report, process satisfaction, or cohesiveness.


In the future, we would like to apply the on-line Delphi techniques used in this study to some very large groups of people, perhaps in combination with the listing and voting tools described in the preceding section. There is still much to be learned about how to effectively structure and support the interaction process among groups consisting of hundreds or even thousands of participants.

3.5. Virtual Teams Combining Mobile Devices with Web-Based Communication on Group Decision Making

This was a study of a new technology, a mobile device with a wireless Internet connection, combined with the use of asynchronous and/or synchronous CMC by virtual teams (Han, 2004). The main research question investigated whether teams that can communicate “anytime, anywhere” using small devices with wireless Internet connections perform better than those restricted to desktops using wired Internet service. A second, related question focused on how groups using only the asynchronous communication mode differ from groups using both asynchronous and synchronous modes, when all communication is text based.


This experiment looked at how different communication devices and modes affect the process and outcome of distributed group work, investigating efficiency, productivity, interaction, and satisfaction, particularly as related to pervasive computing technologies.


The basic model is shown in Figure 6.2. In addition, theories related to media richness, media synchronicity, social presence, and awareness were adopted to test whether there is any difference among different communication devices and modes.

<<FIGURE 6.2 ABOUT HERE>>

3.5.1. Experimental Design

The two independent variables are (1) communication mode (asynchronous only or asynchronous and synchronous combined) and (2) communication devices (desktop condition only or desktop and mobile combined). There are three different treatments for groups: (1) groups without mobile devices using asynchronous communication only, called “asynchronous” in this study; (2) groups without mobile devices using both asynchronous and synchronous communication, called “desktop chat”; and (3) groups with mobile devices using both asynchronous and synchronous communication, called “mobile chat.”


A total of 159 graduate and undergraduate students in information systems were assigned to thirty-six groups consisting of either four or five subjects per team. The students received course credit for their participation in this ten-day experiment. The experimental task was called “Exchange Student Service Center,” for which the subjects had to design a Web site and deliver a final report. The deliverables included (1) requirement specifications, (2) user interface design, (3) business case analyses, and (4) priority strategies.


The technology used by all groups for their asynchronous communications was WebBoard, and all groups had access to desktop PCs. Compaq iPAQ pocket PCs were used for mobile communication with either AT&T’s or Verizon’s wireless service. Microsoft Networking (MSN) was the instant messaging feature used in the experiment.


The basic hypotheses were derived from media richness theory (Daft and Lengel, 1986) which suggests that the richer medium—in this case, mobile chat—will significantly improve levels of the dependent variables compared to the less rich media—here, desktop chat and asynchronous discussion only. The results (see Table 6.2) suggest that that are no significant differences among these three levels of the independent variables for most of the dependent variables, including quality of the team product and subjective satisfaction. The one significant difference is in total communication, where mobile chat outperformed desktop chat and asynchronous-only teams. Mobile chat groups did have more comments than other conditions, were more highly developed, and had higher social presence. However, looking at the content of their chat sessions (which they were required to record), we found that social conversation dominated the interaction when mobile devices were used for chat. We speculate that this is because the tiny display and keyboard on the devices makes it difficult to do anything “serious” or lengthy. In future studies, we plan to replace the small iPAQs with light tablet PCs that are wireless and Web-enabled for portable use, but also have a portable keyboard. This might enable the greater connectivity and interactivity provided by the mobile devices to translate into a greater quantity and quality of work accomplished by teams that use them.

4. DISCUSSION AND FUTURE RESEARCH

From discussing several experiments conducted during NJIT’s recent studies of distributed groups and teams, we can see that studies do not always produce the anticipated results, and thus research questions and methods of answering them are always evolving. We do not have a theory adequate to explain our results at present. Our theoretical approach might best be characterized as a variation of that of Dennis, Wixom, and Vandenberg (2001), who propose a combination of task-technology fit and support for groups’ adaptive structuration to explain researchers’ contradictory findings in hundreds of GDSS experiments. We created and used tools and structures in our experiments that were theoretically matched to the tasks we assigned the groups. Dennis et al. advise providing appropriate support for tools and structures in the form of training, facilitation, and software restrictiveness; we have done that, yet we still find unexplained variance in groups’ adaptation and processes. In order to gain further insight into desirable forms of adaptation and structuration, we are qualitatively analyzing virtual team transcripts.  We expect that by delving into the here-to-fore black box of team interaction, there is rich insight that can be gained (cf. Ocker’s (2005) interpretive study on creativity in virtual teams).  By comparing and contrasting the interaction process of teams that had different performance outcomes (e.g. high, medium, and low) we hope to discern patterns of interaction and appropriation that inform our understanding beyond that obtained from a strict reliance on quantitative analysis.


To obtain sufficient participants for our controlled experiments, we had to use students as subjects. In the near future we plan to return to field studies, where we can address issues of the generalizability of the results of our experiments. More importantly, we suspect that many of our inconsistent results are due to many of our experimental groups’ lack of motivation to do a good job. Subjects often seemed to do just enough to obtain a good grade for their participation, on tasks that were not “real” for them. We also plan to do more studies on medium- to large-sized groups, since they seem to benefit most from tools and structures. These methodological changes are related, since if one is going to use groups of, say, ten to one hundred, it is not practical to obtain enough of them to conduct controlled experiments.


We are also considering what kinds of tools and support structures we would like to try to create in the future, and how to study and improve their effectiveness. Much literature on computer-mediated communications, even some of our own, has utilized the morphology of same time/different time and same place/different place. This gives the impression that we are talking about four different technologies. There are a number of reasons why this is a mistake in terms of guiding research:

<<BL>>

•
In the real world, teams will not use four different technologies to carry out their communications about a task. They wish to have a system, an interface, and a technology that can service any of these modes. It should not matter if they are in a single room or dispersed around the world, or if they are there at the same time or interacting asynchronously. They want a system that will serve any of these modes of communication.

•
CMC users will also demand a system that integrates all of the group’s work materials. As part of their ongoing discussions, they will want to link dynamically to databases, digitized drawings, or any other computer-stored knowledge and resources, and they will want to see current data displayed when links are triggered within comments. People will not want to interrupt their review of the ongoing discussion to obtain separately the relevant organizational data.

•
Users will expect to be able to use decision support tools such as scaling methods to improve group understanding. Voting to guide the discussion should work in a similar dynamic manner, where participants may change their votes in response to the ongoing communication process (Turoff, 1990; Turoff et al. 2001).

•
Support tools will include forms of content organization that provide numerous nonlinear options that diverge from the current discussion thread. These will allow people to use shared cognitive maps of a problem area to organize and filter their presentation and comprehension of the discussion (Catanio et al., 2003).

<<END BL>>


Technology is evolving to accommodate these requirements. CMC systems are becoming fully Web compatible and allow for embedded functionality via object-oriented development environments. To date, many research efforts have ignored the supporting and inference processes that accompany the real world mix of communications and data that can support a task group.


The same sort of division takes place in task classifications, where we study different communication process objectives, such as creativity or negotiation, in an isolated manner, without recognizing that real group problem solving involves a host of different communication objectives mixed together as one holistic process. Future research is needed that situates technological understanding in the context of realistic problem solving by real groups; this applies for the whole “life cycle” of a project conducted by a virtual team or virtual organization.
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NOTE


1. A theoretical premise was that one must select the tools made available to the group very carefully, matching them to the nature of the task and the size and characteristics of the group.
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