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Chapter 1 
 

On the Perils and Pleasures of Distributed 
Teamwork 

 
 

This chapter introduces this dissertation and reviews the literature on virtual 
teams. A virtual team, also called distributed team, is a team of people who are to 
some extent dispersed in time and across different geographical locations, to work 
on a common project using communication and information technologies. The 
implementation and utilization of virtual teams has consequences for teamwork. 
As I will show, virtual teams have a number of benefits that make them attractive 
to a wide range of public and private organizations. However, distributed 
teamwork is not without its difficulties. Research suggests that these teams 
encounter all the problems of traditional teams in collocated settings in addition to 
other problems specific to dispersion. In this chapter, I discuss several challenges 
to virtual team effectiveness and their theoretical underpinnings. The nature of the 
identified challenges suggests that virtual team members cannot rely on simply 
transferring their behavior in traditional collocated teams to virtual environments 
and expect to be successful. Therefore, in the second part of this chapter I discuss 
three promising strategies for addressing the challenges that await virtual teams 
and that can help them to fulfill their full potential. I conclude that the time is ripe 
for empirical studies showing us how we can level the barriers that impede virtual 
team effectiveness and design successful virtual teams that combine the benefits 
of traditional teams with those of virtual teams. 

 
 

1.1 Introduction and Overview of this Dissertation 
 
In 1996, a Belgian C-130 Hercules with 37 passengers and 4 crewmembers 
aboard crashed and caught fire after colliding with birds while landing at the 
Eindhoven air force base in the Netherlands. Thirty-four people died in the crash. 
Because of a misconception in the communication with the air traffic controller, 
the air force base firefighters assumed that only crewmembers were on board. 
Consequently, the firefighting was aimed at the cockpit of the plane and not at 
the rear part, where the passengers were located. Because of the nature of the fire 
and the location of the fire in the front part of the plane, the firefighters were 
under the impression that the crew was no longer alive. This assumption, together 
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with the initial misunderstanding, led to the passing of a considerable amount of 
time between the firefighters’ arrival at the scene and the attempt at a rescue 
mission in the rear part of the plane. In all likelihood, more people could have 
been rescued if the rescue mission had commenced earlier, and questions were 
subsequently raised regarding shortcomings in teamwork (Inspectie 
Brandweerzorg en Rampenbestrijding, 1997; Van der Kleij & Schraagen, 2006).  

The preceding example involved skilled and competent team members 
interacting with each other from different locations and contributing to the 
outcome. However, something went wrong and people died. What could have 
prevented these shortcomings in distributed teamwork? For example, would the 
miscommunication not have occurred if the on-scene commander had been 
equipped with a mobile high-quality video-teleconferencing system, allowing 
him to receive both verbal and nonverbal information (e.g., facial expressions), 
instead of a ramshackle radio? Or would the initial misunderstanding not have 
taken place if there was a procedure or tool in place allowing the air traffic 
controllers and the firefighters at the scene to maintain an ongoing awareness of 
how particular tasks were progressing, what fellow workers were doing, who was 
communicating with whom, what equipment was out of order, and so forth?  

In the present dissertation, I address these questions. The purpose of the 
present dissertation is twofold: first, to increase knowledge about the benefits and 
difficulties of distributed teamwork, and, second, to contribute to a better 
understanding of how to make effective work teams in distributed settings.  

This dissertation contains three empirical studies, which are presented in 
chapters 2 to 4. In these three chapters, I describe controlled experimental studies 
in which I explore several ideas on what is needed to make distributed work 
succeed and how shortcomings in distributed teamwork can be overcome. In the 
first two experiments, described in chapters 2 and 3, a longitudinal approach was 
adopted to explore the effects of experience on team processes and outcomes. A 
longitudinal design is a type of research design involving a fixed sample of 
participants measured repeatedly. The sample remains the same over time, thus 
providing a series of pictures that, when viewed together, portrays a vivid 
illustration of the situation and the changes that are taking place. These two 
studies test a number of predictions with regard to how virtual teams adapt to 
geographical distribution and the newness and technological limitations of their 
communication environment. In chapter 4, I describe an experiment in which I 
compared both a rudimentary and a sophisticated high-fidelity communication 
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environment to face-to-face1 meetings. The goal of this experiment was to assess 
the relative effectiveness of different communication environments to support 
distributed teamwork.  

I have chosen to include the original manuscripts in this dissertation as they 
have been published or prepared for publication in peer-reviewed journals. This 
has the advantage that each chapter can be read by itself and has been optimized 
as such. However, there will be some overlap between the chapters, for instance 
in the description of the dependent variables. As a result, it may be more difficult 
to see the links between the successive chapters and the experiments reported 
therein. Therefore, in the final chapter of this dissertation I have made the links 
between the experiments more explicit. The final chapter also summarizes the 
main findings, discusses the implications of this dissertation, and suggests 
directions for future research. 

In this introductory chapter, I present a review of the literature on virtual 
teams. Several issues are covered. First, I will define virtual teams, stressing their 
potential benefits to teams and organizations as a whole. I will also discuss the 
capabilities and tools that enable and facilitate successful collaborative work 
without regard to temporal and spatial limitations. Then, I will propose and 
discuss a classification of challenges to virtual team effectiveness and their 
theoretical underpinnings. These challenges are 

• developing effective interpersonal relationships;  
• transmitting all the sources of information available in face-to-face 

conversations at the same rate and fidelity at which they occur naturally; 
and  

• keeping up with information about the progress of particular tasks, what 
fellow workers are doing, who is communicating with whom, what 
equipment is out of order, and so forth. 

This chapter ends with three promising strategies for addressing the challenges of 
distribution that can help virtual teams in fulfilling their full potential. These 
strategies are  

• matching communication media capabilities to the fundamental 
communication processes required to perform the task and the situation in 
which the team members have to interact;  

• allowing teams to adapt to environmental opportunities and constraints; 
and 

                                                 

1 The term face-to-face can be misleading. In this dissertation, I use it to denote 
collocated conversations unmediated by electronic communication technologies (cf. 
Dourish, Adler, Bellotti, & Henderson, 1996). 
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• helping teams to maintain awareness of the situation, task, and team during 
distributed work. 

Because I wanted to position my own work in the context of current research, 
this review will also take into account the experiments that are described in 
chapters 2 to 4.  
 

1.2 Distributed Teamwork: Benefits and Attributes of Virtual Teams  
 

1.2.1 Defining Virtual Teams 
 
Teamwork is important in a number of occupations. When a task is assigned to a 
team rather than to an individual, there are several benefits, hence the appealing 
maxim “two heads are better than one.” Sometimes the job requires bringing 
people together who are dispersed in time or across different sites of the same 
organization, to work on a common project using communication and 
information technologies. These teams are often called virtual teams (Townsend, 
DeMarie, & Hendrickson, 1998).  

What do we know about virtual teams? First, like face-to-face teams that work 
together at the same location at the same time, virtual teams are composed of two 
or more individuals performing interdependent tasks with a common purpose 
(Aubert, & Kelsey, 2003; Lipnack & Stamps, 2000; see also McGrath, 1984). 
Second, members can reside at a separate location, but teams can also operate in 
the same location at different times (Thompson & Coovert, 2005). Third, team 
membership is typically highly dynamic and flexible, with members frequently 
leaving and being replaced. Fourth, to complete their work, virtual teams must 
discuss and share documents within the constraints of the communication tools 
that are accessible to them (Lipnack & Stamps, 2000). For example, Hart and 
McLeod (2003) consider a team virtual if members meet face-to-face less than 
once a month and use communication tools as their primary medium for 
conducting group meetings. This means that virtual teams lean substantially more 
on communication tools than collocated teams. Fifth, although many virtual 
teams are ongoing, virtual teams are often created as collaborations with a 
discrete life cycle to fix a particular nonroutine problem, which suggests that 
time pressure is often an integral part of work for these teams (Priest, Stagl, 
Klein, & Salas, 2006; Saunders & Ahuja, 2006; see also Hackman, 1990). 
Finally, because these teams exists in some time frame — that is, they have a 
past, a present, and a future — both the past and anticipation of the future will 
influence the present behaviors of team members (Alge, Wiethoff, & Klein, 
2003; McGrath, 1984, Saunders & Ahuja, 2006).  
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Hertel, Geister, and Konradt (2005) argue that apart from these 
differentiations, there is still a lot of disagreement concerning a specific 
definition of virtual teams. For example, although virtual teams use some sort of 
communication tool as their primary medium for conducting group meetings, 
communication tools, such as e-mail, are used also in collocated teams. At the 
same time, most virtual teams have face-to-face contact from time to time to 
foster interpersonal relationships. In other words, it is difficult to draw a clear 
line between collocated and virtual teams. Therefore, Hertel et al. propose to 
consider the relative “virtuality” of a team. Hertel et al. argue that a virtual team 
is a label for teams with high degrees of virtuality. Rather than thinking of a team 
as either virtual or not, it makes sense to think of a team as existing on a 
continuum of virtuality: The more dimensions or aspects on which a team is 
dispersed, the more virtual it is (see also Zigurs, 2003).  

O’Leary (2003) differentiates between three major dimensions of dispersion: 
(a) spatial, (b) temporal, and (c) configural (see also Shin, 2005). The spatial 
dimension of dispersion is generally the one that comes most immediately to 
mind. The spatial dimension is the average geographical distance between 
members measured in meters or kilometers. The average geographical distance 
represents the team’s degree of spatial dispersion.  

The temporal dispersion dimension pertains to the degree to which team 
members operate at different times, for example because they work in different 
shifts or are located at different time zones. For teams that are widely dispersed 
in an east-to-west direction, members may share few work hours and have to 
extend their days considerably to communicate synchronously. Alternatively, 
teams dispersed primarily north to south can have similar degrees of spatial 
dispersion but less temporal dispersion, which permits synchronous 
communications. Inherent in the temporal dimension of dispersion is the fact that 
spanning time zones adds complexity to the coordination and communication in a 
team, not to mention travel between sites. Such temporal differences are likely to 
amplify spatial separations and make synchronous interaction less common and 
more difficult to schedule.  

The configurational dimension relates to the number of working sites 
represented in the team together with the number of members at each site and 
member imbalance across sites. For example, configurations for a dispersed six-
person team could include two sites with three people at each, three sites with 
two people at each, or six sites with one isolated member at each. A team’s 
configuration can be the result of explicit decisions about team design, or it can 
be the indirect result of other factors like the location of a company’s plants, 
offices, facilities, or customers. 
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1.2.2 Motives to Form Virtual Teams 
 
The literature points to several rationales to work in virtual teams. One of the 
most likely reasons to form a virtual team is that the expertise that is needed is 
not all in the same place. Virtual teams can be composed of the best people for 
the task regardless of their physical or organizational location, thus potentially 
enhancing the quality of the work (Lipnack & Stamps, 2000).  

A second advantage of virtual teams over traditional teams is that these teams 
offer effective structural mechanisms for handling the increased travel expenses, 
time, and coordination efforts associated with bringing together geographically 
and temporally dispersed employees to work on a common task (Cascio, 2000; 
Martins, et al., 2004).  

Furthermore, virtual teams enable organizations to operate around the clock, 
leading to considerable timesavings, making them attractive to a wide range of 
public and private organizations. Global virtual teams (i.e., virtual teams that 
include members from multiple nations) can pass work from east to west as the 
earth rotates, to maintain the team’s effort or momentum (Davis, 2004; see also 
Priest et al., 2006). This has also been called time shifting.  

Moreover, some evidence is present for the effectiveness of virtual teams in 
reducing the negative consequences of demographic dissimilarity (Krebs, 
Hobman, & Bordia, 2006). For example, it was found that the use of virtual 
teams is an effective means for managing reduced trust in diverse groups. Krebs 
et al. observed a negative relationship between dissimilarity and trust in face-to-
face teams, such that individuals who were more dissimilar to other group 
members reported lower levels of trust in group members. No relationship was 
found in computer-mediated teams, supporting the notion that in an anonymous 
distributed environment, where demographic dissimilarity is not immediately 
discernable, the negative effects of self-categorization and social comparison 
processes are reduced.  

Finally, virtual teams enable organizations to use outside consultants without 
incurring expenses for travel, lodging, and downtime (Cascio, 2000). This means 
that organizations can acquire relevant knowledge and skills for the lowest costs, 
again enhancing the competitive flexibility of organizations. Thus, given their 
ability to transcend the traditional constraints of time, location, social networks, 
and organizational boundaries, virtual teams can enhance the competitive 
flexibility of organizations (Martins, Gilson, & Maynard, 2004).  

One should keep in mind, however, that not all reasons to form virtual teams 
are motivated through organizational benefits and rational considerations. 
Sometimes people form virtual teams just because they are able to do so 
(Lipnack & Stamps, 2000). 
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1.2.3 Attributes of Virtual Teams 
 
The combination of communication tools and information technologies, and 
increases in bandwidth provide capabilities and tools for the digital transmission 
of text, audio, and (streaming) images. To a large degree, virtual teams depend 
on these capabilities and tools to accomplish their work and conduct meetings. 
Teams can choose from a wide range of collaborative tools to supplement or 
replace face-to-face interaction (Martins et al., 2004). Examples include 
electronic mail, video teleconferencing, instant messaging (e.g., internet chat), 
telephone, and application sharing.  

Collaborative tools, often labeled as groupware (Ellis, Gibbs, & Rein, 1991; 
Johansen, 1988a), aim to assist groups in communicating, decision making, 
information sharing, and in coordinating their activities (Ellis et al., 1991; 
Hinssen, 1998). The convenience and savings associated with groupware are 
often praised. One of the most important effects of groupware is that it lets teams 
do new things that were impossible or unfeasible before the introduction of the 
groupware (Kiesler & Sproull, 1992). In general, it is argued that groupware 
improves collaboration because it  

• minimizes travel costs required to bring virtual teams together (Thompson 
& Coovert, 2006);  

• allows teams to include more than one colleague in discussions and 
planning at the same time while encouraging input, even from rather low-
status individuals (Kiesler & Cummings, 2002); and  

• allows teams, with the use of text-based groupware such as internet chat, 
to maintain a record of communication (Thompson & Coovert, 2006).  

 
 

Same time Different times 

Same place 
Face-to-face collocated group 
work (e.g., electronic meeting 
room) 

Asynchronous group work 
(e.g., bulletin board supporting 
shift workers) 

Different places 
Synchronous distributed group 
work (e.g., video 
teleconferencing) 

Asynchronous distributed 
group work (e.g., electronic 
mail) 

Figure 1.1. The time-place matrix. This matrix differentiates group work in terms of the 
need to bridge time, space, or both. Note. Adapted from “Current user approaches to 
groupware,” by R. Johansen, 1988. In R. Johansen (Ed.), Groupware: computer support 
for business teams (pp. 12-44). New York: Free Press. 
 
A frequently used classification of groupware is Johansen’s (1988b) time-place 
matrix, an adaptation of which is shown in Figure 1.1, along with some examples 
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of applications (see also DeSanctis & Gallupe, 1987; Hinssen, 1998; Ter Hofte, 
1998). This typology, originally coined by DeSanctis and Gallupe in 1987, 
differentiates groupware in terms of the ability to bridge time and space. 
Groupware can be used to help groups that work together at the same location at 
the same time, or groups that works together while located on different office 
floors, buildings, continents, or even time zones. Groupware can enhance 
communication and collaboration that takes place in real-time, or it can support 
asynchronous, non-real-time interaction. Groupware that specifically supports 
simultaneous activities is called real-time groupware; otherwise, it is called non-
real-time groupware (Ellis, et al., 1991). 

Although the time-place matrix is useful as a way to present the different 
activities and groupware applications in the world of virtual teams, it has been 
subject to some criticism, mainly concerning the dichotomies created between 
synchronous and asynchronous and between same-place and different-place. The 
time-place matrix neglects the transfer between asynchronous and synchronous 
group work on the one hand, and the transfer between individual and group work 
on the other hand (Hinssen, 1998). For example, most jobs involve activities that 
are centered in more than one cell while collocated meetings are often linked to 
previously distributed activities.  
 

1.2.4 Summary and Discussion 
 
There is disagreement concerning a specific definition of virtual teams. It is 
difficult to draw a clear line between traditional collocated and virtual teams. 
Moreover, the concept of the virtual team often overlaps with notions of the 
networked organization, virtual communities, electronic commerce, and 
teleworking. A useful differentiation is to consider the relative virtuality of a 
team and to view virtual teams as a label of teams with high degrees of virtuality. 
Potential indicators of this virtuality are (a) the average distance between 
members, (b) the degree to which team members operate at different times, or, 
(c) the number of working sites represented in the team. Virtual teams can choose 
from a wide range of collaborative tools to supplement or replace face-to-face 
interaction. The growing opportunities of groupware combined with the positive 
aspects of conventional teamwork make virtual teams attractive to a wide range 
of public and private organizations. In general, the benefits of virtual teams can 
roughly be organized around the areas of time and money savings, and 
performance advantages (Priest et al., 2006). Notwithstanding these benefits, as I 
will show in the following section, it has also been found that dispersion can 
seriously hamper collaboration. It is in part for this reason that teams are 
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sometimes reluctant “to go virtual” and use groupware for collaboration with 
distant fellow team members.  
 

1.3 Challenges to Virtual Team Effectiveness 
 
No organizational form is perfect. Notwithstanding the theoretical benefits for its 
members and the organization as a whole, not the least of which involves the 
elimination of the space and time requirements that go together with face-to-face 
teamwork, it has been found that distribution can constitute major barriers to 
virtual team effectiveness (Gibson & Cohen, 2004; Howarth, 2004). Howarth 
presents an arguable opinion about virtual teams. In a position paper, he argues 
that the description “virtual team” is practically an oxymoron: While they are 
great in theory, virtual teams rarely seem to work in practice. Howarth maintains 
that only few organizations proactively adopt virtual teams as a means of creating 
a competitive advantage and do new things that were impossible before (cf. 
Kiesler & Sproull, 1992). Most organizations that implement virtual teams do so 
reactively, as a means of coping with an organizational structure that has grown 
through acquisition or rapid global expansion. The dangers of getting it wrong 
are real. As these organizations become more distended, key team members 
become scattered throughout their operation, and there is a greater risk that 
communication falters and collaboration grinds to a halt. In addition, Howarth 
argues that most organizations manage their virtual teams poorly. For the 
employees, working in a badly managed virtual team can leave team members 
feeling ambiguous about their role, reducing their level of commitment. This can 
lead to workers delivering sub-par performances and, eventually, to absenteeism. 

The effects of geographical distance between people have been the subject of 
social-science research for decades (for an overview, see O’Leary, 2003). For 
example, Allen (1977) in his pioneering research showed that (a) the frequency 
of work-related communication between pairs of collocated coworkers drops 
rapidly as distance between those coworkers increases, and, (b) the 
communication frequency reaches an asymptote as the distance nears 30 meters. 
Although this early work took mostly place in experimental, dyadic, and 
nonorganizational contexts, there are many examples all around us proving quite 
clearly that geographical distance matters. Sometimes a cultural mismatch, where 
different teams do not share basic assumptions about how things will be done, is 
a significant reason for the failure of virtual teams. On other occasions, the 
inability of managers to accomplish leadership and manage work processes at a 
distance is a major obstacle. To provide a systematic overview of these and other 
findings, Thompson and Coovert (2006) propose a classification of challenges to 
virtual team effectiveness that consists of three categories:  
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• failure to develop effective interpersonal relationships,  
• communication mishaps, and  
• lack of awareness of team members’ endeavors.  

Although other divisions are suggested in the literature (for example, see Cascio, 
2000; Priest et al., 2006, Gibson & Cohen, 2004; Hertel et al., 2005), Thompson 
and Coovert’s classification is simple and therefore appealing. Hence, in the 
following subsections I will discuss these three challenges. Table 1.1 depicts an 
overview of the challenges and their consequences for distributed teamwork. 
 
Table 1.1. Barriers to virtual team effectiveness. 

Barriers Description 
Failure to develop 
effective interpersonal 
relationships 

The dispersed nature of virtual teams reduces the amount 
of social information that is communicated between 
members. This constrains relational development in virtual 
teams. Reduced levels of social information may prompt 
dysfunctional conflict, induce social isolation, and 
undermine trust, co-operative behavior, commitment to 
the team, cohesion, and satisfaction. Team members feel 
more anonymous and are focused more on themselves and 
less on others.  

Communication mishaps In virtual teams, the channel that teams use to 
communicate often imposes restrictions on the flow of 
information. This reduction may cause disruptions in 
conversations, difficulties in following and understanding 
discussions, and in monitoring feedback from others.  

Lack of awareness of team 
members’ endeavors 

In virtual teams, members often cannot physically see 
each other work. Information that is gained through 
common experiences and first-hand observations of 
members’ habits, situations, and working environments is 
therefore lacking. Without some sort of knowledge of 
what other members are doing, it becomes more difficult, 
or even impossible, to engage in coordinated teamwork.  

 
1.3.1 Failure to Develop Effective Interpersonal Relationships 

 
The distributed nature of virtual teams has the potential to prompt dysfunctional 
conflict, induce social isolation and undermine trust, cooperative behavior, 
commitment to the team, cohesion, and satisfaction (Belanger, Watson-Manheim, 
& Jordan, 2002, Cascio, 2000; Thompson & Coovert, 2006). One important 
reason for this failure to develop effective interpersonal relationships is the 
reduction of available social context cues in distributed communication. Social 
context cues are nonverbal signals (e.g., facial expressions), paraverbal cues (e.g., 
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voice volume), status and interpersonal cues (e.g., age, physical appearance), and 
features of the physical surroundings (e.g., office size) (Dietz-Uhler & Bishop-
Clark, 2001; Sproull & Kiesler, 1986; Straus, 1997). These cues help teams 
regulate interaction, express information, and monitor feedback from others 
(Straus, 1997). During computer-mediated communications (e.g., internet chat) 
participants are usually unaware of the facial expressions, tone of voice, posture, 
and so forth of the other participants (Dietz-Uhler & Bishop-Clark, 2001). 
Consequently, it is believed that team members feel more anonymous and are 
focused more on themselves and less on others (Kiesler, Siegel, & McGuire, 
1984).  

Reduced levels of social context cues in teams are often associated with lower 
levels of interpersonal trust (Cascio, 2000; Rousseau, Sitkin, Burt, & Camerer, 
1998). Trust is important within teams because it supports the building of 
interpersonal relationships, functional interactions, communication, coordination, 
and cooperation between team members, and reduces the costs of monitoring and 
controlling (Aubert & Kelsey, 2003; Priest et al., 2006; Wilson, Straus, & 
McEvily, 2006). In general, trust develops through repeated social interactions 
that enable people to update their information about others’ trustworthiness 
(Krebs et al., 2006). Once a team member demonstrates competence, integrity, 
and concern for other teammates, the other members, over time, develop trust in 
him or her. Similarly, when a team member fails to perform his or her assigned 
task or to show proper care or respect for other team members, mistrust arises 
(Saunders & Ahuja, 2006).  

Trust is essential to the loose coupling that allows distributed groups to work, 
but dense relations and the ability to observe each other are often assumed a 
necessary ingredient for trust to develop and shattered trust to be repaired. This 
represents a critical paradox for virtual teams. If members of virtual teams are 
going to engage in distributed activities, trust is needed. But for trust to develop 
team members need to be in proximity of each other, for instance to observe the 
amount of effort others are expending, activities in which collocated teams can 
much more easily engage.  

Wilson et al. (2006) found that the reduced availability of social context cues 
in distributed communication environments changed the fundamental 
communication process and constrained relational development in virtual teams. 
Wilson et al. observed a lower incidence of behaviors associated with the 
development of interpersonal relationships in virtual teams using internet chat to 
communicate, such as sharing and attending to personal information. Although 
over time these teams developed levels of trust comparable to face-to-face teams, 
examination of the communication processes showed that high levels of 
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inflammatory remarks were associated with slow trust development in computer-
mediated teams.  

Although these findings imply that forming trust is more difficult in 
geographically dispersed contexts, Jarvenpaa and Leidner (1999) found that trust 
can be developed swiftly in culturally diverse virtual teams, although it appears 
to be fragile and temporary (see also Krebs et al., 2006). The concept of swift 
trust explains this apparent contradiction in the research literature. Swift trust, 
also referred to as conditional trust, has been coined in reference to the formation 
of trust in temporary virtual teams based on experiences and expectations of the 
trustworthiness of other team members (Zaccaro, Ardison, & Orvis, 2004; 
Jarvenpaa, Knoll, & Leidner, 1998; Jarvenpaa & Leidner, 1999; Priest et al., 
2006). When virtual teams do not have enough time to slowly build trust, team 
members assume that others are trustworthy and begin working as if trust was 
already in place.  

Swift trust is based on the impressions, expectations, and individual 
reputations of individual team members. It enables members to act and deal with 
the uncertainty, ambiguity, and vulnerability that arise while working on 
interdependent tasks with strangers (Saunders & Ahuja, 2006). For example, 
when a building is on fire, the owner of that building will trust the firefighter, not 
because of their interpersonal relationship, but because of the knowledge and 
expectations he or she has of firefighters. In virtual teams with strong 
professional identities, such as in a team of medical specialists, swift trust 
emerges from the stable role expectations and subsequent actions that confirm 
these expectations and therefore strengthen team trust (Zaccaro et al., 2004). 
Thus, where traditional conceptualizations of trust are based on interpersonal 
relationships and have affective and cognitive components, swift trust de-
emphasizes the interpersonal dimensions and is based initially on broad 
categorical social structures (Jarvenpaa & Leidner, 1999). 

Distribution of team members has also been found to result in an increased 
susceptibility to the fundamental attribution error (Thompson & Coovert, 2006). 
The fundamental attribution error is the tendency for people to underestimate the 
impact of situational factors and to overestimate the role of dispositional factors 
in controlling behavior (Hewstone & Stroebe, 2001). People tend to have a 
default assumption that what a person does is based more on what kind of person 
he or she is, than on the social and environmental forces at work on that person. 
The use of communication technologies in virtual teams makes it more difficult 
for people to discern the intent and internal experience of remote partners 
(Cramton, 2002). Because of a restriction in distributed team members’ common 
information about each other’s local situations, decreased interaction, and the 
limited amounts of social context cues communicated in distributed 
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communication, distributed team members are especially inclined to make 
erroneous explanations for others’ behavior and blame remote team members for 
unavoidable problems stemming from situational constraints. Misattribution can 
have serious consequences for the maintenance of working relationships in 
dispersed teams, satisfaction, and the willingness to cooperate. When problems 
arise, people may blame their dispersed team members rather than examine the 
characteristics of the situation. Cramton (2002) argues that this directs attention 
away from team-level learning and harms information exchange, team cohesion, 
and cooperation.  

Virtual teams with clusters of people at the same site tend to form subgroups 
based on location (Cramton, 2002). Such teams are susceptible to social 
categorization biases, an example of which is intergroup bias. Intergroup bias 
refers to people’s systematic inclination to evaluate one’s own membership group 
(the in-group) or its members more favorably than a nonmembership group (the 
out-group) or its members (Hewstone, Rubin, & Willis, 2002). Members of out-
groups typically get excluded, psychologically and literally, especially when core 
members are collocated and others are dispersed. The likelihood of these 
problems increases when the social integration of the dispersed team as a whole 
is weak (Cramton, 2002). The formation of out-groups has the same harmful 
effects on teamwork as misattribution. People tend to view other team members 
as deficient, thereby reducing satisfaction, cohesion, communication, and 
cooperation while increasing turnover and conflict (Homan, Van Knippenberg, 
Van Kleef, & De Dreu, in press).  

Finally, virtual teams are much more prone to interpersonal conflict than 
collocated teams (Shin, 2005). Shin defines conflict as a disagreement between 
two or more interdependent parties. It has been found that conflict resolution in 
virtual teams generally takes longer and is more difficult than conflict resolution 
in face-to-face teams. Lack of nonverbal cues and cultural differences may cause 
virtual team members to experience more misunderstandings than face-to-face 
team members (Seetharaman, Samarah, & Mykytyn, 2004; see also Friedman & 
Currall, 2003). Shin argues that in distributed settings it is difficult for members 
to receive guidance or instruction on their tasks and roles from supervisors. At 
the same time, dispersed members have fewer opportunities to elucidate their 
tasks and roles than collocated members. Therefore, virtual team members are 
more likely to experience task, role, and responsibility ambiguity. This ambiguity 
can be a source of conflict in virtual teams. Although Shin has not empirically 
tested these assumptions, she does illustrate it with relevant real-life examples. 
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1.3.2 Communication Mishaps 
 
Clear and concise communication is critical to the success of teams (Salas, 
Burke, & Samman, 2001). Communication is a means for teams to accomplish 
their tasks and to coordinate actions (Kanki, Folk, & Irwin, 1991). Participants in 
a conversation strive for a shared understanding of the situation, the task, and 
each other’s background knowledge, expectations, beliefs, attitudes, and the like 
(Fussell & Benimoff, 1995). Furthermore, communication enables team members 
to (a) state their intentions, (b) send and receive information among one another, 
(c) keep up-to-date with the changes in the situation, and (d) evaluate and 
improve task performance (Rasker, 2002). 

Shannon and Weaver (1949) proposed a simple and clear model of the 
communication process. Their model was based on their knowledge of how 
telephone communication works. According to their model, communication 
begins with the source or sender, who encodes thoughts or feelings into a 
message that is then transmitted across a channel to a receiver, who in turn 
decodes the message and thereby understands the information transmitted. Figure 
1.2 illustrates this model. The model describes the basic elements in the process 
of communication:  

• the source (i.e., the sender of the information),  
• the message (i.e., the actual information),  
• the channel (i.e., the medium that is used), and  
• the receiver (i.e., the person that receives the information).  

The effect of the communication process — that is whether the receiver actually 
receives and understands the message of the source — depends upon the 
interplay between these basic elements. For example, when the source and the 
receiver do not speak the same language, the receiver is unable to decode and 
understand the message, although he or she received it. Alternatively, when the 
source uses telephone as a mean to communicate, but the receiver does not 
posses a telephone, he or she is unable to receive the message, let alone 
understand it. 
 

Source Message Channel Receiver

 
Figure 1.2. Model of the communication process. Note. Adapted from “The mathematical 
theory of communication,” by C. Shannon and W. Weaver, 1949, Urbana: University of 
Illinois Press. 
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In virtual teams, the channel that teams use to communicate often imposes 
restrictions on the communication process. When people have the ability to 
conduct face-to-face discussions, they can use the full range of linguistic, 
paralinguistic, and nonverbal behaviors to communicate and coordinate (Kiesler 
& Cummings, 2002; Kraut, Fussell, Brennan, & Siegel, 2002). It is possible to 
use directional gestures (i.e., pointing) to refer quickly and easily to people, 
locations, and objects. Because face-to-face communication is produced in real 
time, speakers have direct feedback on how their message is being understood as 
it is being delivered. In virtual teams, current bandwidth limitations in 
telecommunication networks and cost considerations make it difficult to transmit 
all the sources of information available in face-to-face conversations at the same 
rate and fidelity at which they occur naturally (Fussell & Benimoff, 1995). 
Consequently, correspondence is often unclear, infrequent, and virtual team 
members has less social context cues available than collocated team members 
(for a more elaborate discussion, see also § 1.3.1). As mentioned earlier, this is 
often problematic. Attenuation of the social context cues available in face-to-face 
meetings causes disruptions in conversations and difficulties in following and 
understanding discussions (Straus & McGrath, 1994). Indeed, a recent survey of 
214 Federal managers revealed that 61% and 43% of these managers have 
misinterpreted coworkers via e-mail and phone, respectively (Tandberg, 2007). 

Miscommunication is often acerbated by the trouble that virtual teams have in 
recognizing when disruptions or communication mix-ups have occurred. At the 
same time, virtual teams are slower to correct these misunderstandings 
(Thompson & Coovert, 2006). To make things worse, use of the linguistic 
channel of information, also called the verbal channel (cf. Fussell & Benimoff, 
1995), that consists of conventional signals, such as the words of a language, is 
also limited in virtual teams. Team members in global virtual teams often do not 
speak the same language and need to communicate in a nonnative tongue. 
Nonnative language use can result in less depth and candidness of exchange, 
which has been found to increases psychological distance and fears of misuse, 
miscommunication and misinterpretation of knowledge (Gibson & Cohen, 2004). 

Finally, virtual teams have fewer opportunities for spontaneous, informal 
communication, which have been found to have a positive impact on group 
functioning (Kiesler & Cummings, 2002). People who work in proximate settings 
run into one another at the water cooler, coffee machine, or copier, and meet in 
the cafeteria. Therefore, it takes relatively little effort for them to start interacting. 
These spontaneous, informal communication opportunities increase the 
convenience and pleasure of conversations, the frequency of communication, and 
allow for unplanned and multipurpose interactions (Kraut et al., 2002). Ongoing 
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work progresses better when people have spontaneous casual communication and 
strong social and work ties are supported.  
 

1.3.3 Lack of Awareness of Team Members’ Endeavors 
 
Maintaining an ongoing awareness of events in the work environment and each 
other’s endeavors is essential to achieve the coordination required for 
collaborative action (Kraut et al., 2002; Thompson & Coovert, 2006). People 
keep up with information about the demand for their work, how particular tasks 
are progressing, what fellow workers are doing, who is communicating with 
whom, what equipment is out of order, and so forth. To work effectively, 
distributed collaborators need to be assured that their partners are “present” in 
some sense (Carroll, Rosson, Convertino, & Ganoe, 2006). Carroll et al. argue 
that distributed team members need to know what tools and resources their 
counterparts can access, and what relevant information their collaborators know, 
as well as their attitudes and goals. Without some sort of knowledge of what 
other team members are doing, it becomes difficult, or even impossible, to 
engage in coordinated teamwork.  

In proximate settings, it is relatively easy for team members to maintain an 
ongoing awareness of events in the work environment and each other’s 
endeavors. This enables them to determine when and which collaborative actions 
are required, which events are going to be discussed next in conversations, and to 
anticipate each other’s needs for information without explicit communication. 
Thus, the sharing of social settings in physical space, such as meeting rooms, 
helps us in conducting discourse and promote functional activities associated 
with the location and artifacts present in that location (Kiesler & Cummings, 
2002; see also Schank & Abelson, 1977). In face-to-face groups, feedback about 
what the others are doing is immediate and can be accomplished automatically. 
For instance, one can conclude from the sounds that are coming from other team 
members’ locations what work is being done (Weisband, 2002). In addition, 
collocated teams have access to numerous artifacts, such as whiteboards and flip 
charts, which make progress visible.  

In virtual teams, members often cannot physically see each other work. 
Information that is gained through common experiences and first-hand 
observations of members’ habits, situations, and environments is therefore 
lacking (Thompson & Coovert, 2006). It is difficult and often impossible to 
automatically monitor activities and pick up relevant information or cues in the 
absence of explicit communication. Consequently, virtual teams must often 
operate in an environment without cues indicating that a team member is absent, 
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busy, experiencing technical difficulties, stressed, dealing with unusual or 
unexpected circumstances, and so forth. 
 

1.3.4 Summary and Discussion 
 
Dispersion of team members across space and time brings several drawbacks that 
can constitute barriers to virtual team effectiveness. Roughly, there are three 
categories of such challenges. First, distribution has the potential to prompt 
dysfunctional conflict, induce social isolation, and undermine trust, cooperative 
behavior, commitment to the team, cohesion, and satisfaction. Second, the 
quality of discussion in virtual teams often depends on the communication 
channels that are accessible to the team. Bandwidth limitations and cost 
considerations make it difficult to transmit all the sources of information 
available in face-to-face conversations. Consequently, correspondence is often 
unclear, infrequent, and virtual team members receive less social context cues 
than collocated team members, which causes disruptions in conversations and 
difficulties in following and understanding discussions. Third, it becomes more 
difficult to have an ongoing awareness of other team members’ endeavors and to 
maintain a common picture of the problem at hand. Without some sort of 
knowledge of how particular team tasks are progressing, what fellow workers are 
doing, who is communicating with whom, what equipment is out of order, and so 
forth, it becomes difficult, or even impossible, to engage in coordinated 
teamwork.  
 

1.4 Strategies to Enhance Distributed Teamwork  
 
To utilize the full potential of virtual teams it is needed to address the challenges 
of distribution. On the whole, the nature of the challenges I have discussed in the 
previous section suggest that virtual team members cannot rely on simply 
transferring their behavior in traditional teams and expect to be successful in 
virtual environments (see also Zigurs, 2003). Although it can be beneficial to 
replicate certain aspects of collocation in distributed team arrangements, for 
example, through the use of advanced imaging technologies inducing some sort 
of remote presence, we need also to consider the negative aspects of collocation 
leading to biases, errors, and group process losses (for reviews on these issues, 
see Nunamaker, Dennis, Valacich, Vogel, & George, 1991; Nunamaker, Briggs, 
& Mittleman, 1995; and Van der Kleij & Schraagen, 2006).  

The literature points to several strategies that should facilitate working in 
virtual teams (e.g., Priest et al, 2006; Thompson & Coovert, 2006). In this 
dissertation, I will discuss the following three strategies:  
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• Match communication media capabilities to the fundamental 
communication processes required to perform the task and the situation in 
which the team members have to interact.  

• Allow teams to adapt to environmental opportunities and constraints.  
• Help teams to maintain awareness of the situation, task, and team during 

distributed meetings.  
These strategies will be further explored and discussed in the experimental 
studies reported in chapters 2 to 4. Note that this section does not discuss all 
possible strategies to support virtual teams. For example, Lipnack and Stamps 
(2000) discuss seven steps to launch a virtual team successfully. These steps are 
(a) create identity, (b) draft mission, (c) determine milestones, (d) set goals, (e) 
identify members, (f) establish relationships, and (g) choose media. Although 
important to virtual teams, these steps are essential for every team to complete to 
achieve their results. For this reason, a discussion of them falls outside the scope 
of this dissertation.  
 

1.4.1 Match Media Capabilities to the Task, Team, and Social Context 
 
Previous research shows that the communication environment in which teams 
have to collaborate, whether in the same location or separated across space or 
time, has a strong impact on teamwork (e.g., Baltes, Dickson, Sherman, Bauer, & 
LaGanke, 2002). With meta-analysis, Baltes et al. compared decision making in 
face-to-face to distributed computer-mediated communication groups (e.g., chat 
groups). The results suggest that, in general, and compared to face-to-face 
groups, computer-mediated communication leads to decreases in decision-
making effectiveness and satisfaction, and increases in time required to reach a 
decision. Thus, despite all benefits of distributed teamwork, it does not appear to 
be the most effective means of making group decisions2.  

A widely used theory in research on communication that helps to explain this 
finding is media richness theory (MRT) (Daft & Lengel, 1984, 1986). MRT starts 
from the premise that communication media differ in terms of the “richness” of 
the information that can be transmitted (Martins et al., 2004). Richness refers to 
the degree to which the information flowing through communication media 
contains emotional, attitudinal, normative, and other meanings, beyond the literal 

                                                 

2 However, when various moderators were considered, it was found that virtual teams 
could be just as effective as face-to-face decision-making teams. For instance, when 
virtual teams were given unlimited discussion time, no decrease in effectiveness was 
found compared to face-to-face groups. 
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cognitive denotations of the symbols used to express it. MRT suggests that rich 
media convey more such cues than lean media. According to MRT, face-to-face 
communication is the richest communication medium because it allows for the 
simultaneous observations of multiple cues, including body language, facial 
expression, tone of voice, and so forth. In addition, face-to-face conversations 
provide immediate feedback. With feedback, understanding can be checked and 
interpretations corrected. Audio conversations — through telephone, for example 
— are less rich than face-to-face interactions. Feedback is fast, but visual cues 
are absent. Group members have to rely on language content and audio cues to 
reach understanding.  

Daft and Lengel (1984, 1986) argue that task performance improves when 
task needs, which differ in terms of the degree to which effective performance on 
them requires the transmission of information that is more or less rich in its 
contents, are matched to the communication medium’s richness. Interpersonal 
factors, such as cohesiveness, trust, satisfaction and conflict resolution, might 
also be enhanced in situations of good fit between task and communication 
medium (Zigurs & Buckland, 1998).  

MRT assumes that for routine tasks that are well understood and in which 
emotional connotations about message and source are not required (e.g., 
brainstorming) media of lower richness, such as Internet chat or e-mail, would 
provide sufficient information. Emotional connotations about message and 
source are not required for routine tasks and are often considered a hindrance. 
Face-to-face settings, or media capable of transmitting rich information, such as 
video communication technologies, are better suited to support equivocal tasks 
(e.g., negotiations or [strategic] decision making) for which there are multiple 
interpretations for available information and that require the resolution of 
conflict. The more the task requires rich information exchange, the richer the 
medium required. Performing a complex task through a simple medium is 
ineffective. Performing a simple task through a rich medium is inefficient.  

Although MRT has strong face validity, it has also met with some criticism. 
One important source of criticism emanates from theories that consider how 
groups adapt over time to their changing environment. These theories see 
adaptation as a reaction to a mismatch between the task, and the set of tools and 
resources for carrying out that task. Moreover, these theories assume that a 
perfect fit between task and the communication medium is not a prerequisite to 
performing well on a collaborative task (see also § 1.4.2). However, this does not 
mean that both theories are incompatible. Adaptation theories agree with the 
notion proposed by MRT that there should be some kind of fit between the task 
and the communication medium. If there is a complete misfit, then the medium is 
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not easily used and adaptation is not viable. Otherwise, groups are able to 
compensate for the misfit.  

A second source of criticism stems from empirical studies. MRT assumes that 
a rich medium is a necessary condition for rich communication. However, 
empirical tests of MRT have not been terribly convincing, particularly for 
modern communication media. It seems that MRT is outdated because it does not 
recognize the qualities of modern communication technologies. Moreover, there 
are only few examples of complex equivocal tasks for which the superiority of 
face-to-face over computer-mediated communication has been clearly proven. In 
fact, research data often do not support MRT (cf. Kiesler, Siegel, & McGuire, 
1984; Kiesler & Sproull, 1992; Olson, Olson, & Meader, 1997; Sproull & 
Kiesler, 1986).  

To address these issues, Dennis and Valacich (1999) propose a modernization 
of MRT: media synchronicity theory. Their theory is commendable in that it 
incorporates the qualities of modern communication technologies that are not 
present in traditional technologies, such as the telephone. For example, some 
modern communication media can be structured in such manner allowing for 
simultaneous conversations. In comparison, in a face-to-face meeting, only one 
person can talk at a time. Moreover, talking time is usually not distributed evenly 
across participants and loud talkers or people who have less knowledge than they 
have prestige often dominate these meetings. Thus, convincing others to adopt a 
good idea can be difficult if the person with this idea has low status. Such groups 
could benefit from the reduced availability of social context cues in electronic 
meetings. There is even groupware on the market nowadays that allows for the 
simultaneous inputs of all participants. For example, with help of the shared 
session feature of the Microsoft Office OneNote 2003 note-taking program and a 
local area network, it is possible to create a session in which distributed team 
members are able to share a document, and see the comments and additions of 
their counterpart in real time. Taken together, these media characteristics can 
affect communication effectiveness. No medium could therefore be labeled as the 
richest in Daft and Lengel’s terms, and ranking media in absolute terms is not 
practical.  

According to media synchronicity theory, the best medium or set of media is 
that which provides the set of capabilities or characteristics that are most 
important for a given situation: the individuals, the task, and social context in 
which the team members interact. Thus, choosing one single medium for any task 
may prove less effective than choosing a set of media, or switching between 
media depending on the current communication process.  
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Clark and Brennan (1991; cf. Driskell, Radtke, & Salas, 2003; Priest et al., 
2006) describe eight characteristics of face-to-face and distributed settings that 
determine the nature of communication within a team (see Table 1.2): 

• copresence (i.e., group members occupy the same physical location),  
• visibility (i.e., group members can see one another),  
• audibility (i.e., group members can hear one another),  
• contemporality (i.e., communication is received at the approximate time it 

is sent),  
• simultaneity (i.e., group members can send and receive messages 

simultaneously),  
• sequentiality (i.e., group members’ speaking turns stay in sequence),  
• reviewability (i.e., team members can review each other’s messages, 

similar to chat rooms), and  
• revisability (i.e., team members can revise each other’s messages).  

These eight characteristics of communication can be linked to the types of 
communication tools available for teams, as can be seen in Table 1.2.  
 
Table 1.2. Characteristics of collocated and distributed settings. 

 Communication settings 
 
 

Communication 
characteristics 

Collocated 
face-to-face 

Real-time 
audio and 

video Audio only 

Real-time 
electronic 
dialogues 
(e.g., chat) 

Electronic 
mail 

Copresence X     
Visibility X X    
Audibility X X X   
Contemporality X X X X  
Simultaneity X X X X  
Sequentiality X X X X  
Reviewability    X X 
Revisability    X X 

Note. Adapted from “Grounding in communication,” by H. H. Clark and S. E. Brennan, 
1991. In L. Resnick, J. M. Levine & S. D. Teasley (Eds.), Perspectives on socially shared 
cognition (pp. 127-149). Washington, DC: American Psychological Association. 
 
The important point that this classification makes is that all the settings in this 
table differ quite considerably regarding the communication capabilities that are 
enabled (Driskell, et al., 2003). In face-to-face interaction, group members share 
the same location, can see and hear each other in real-time, and send and receive 
information simultaneously and in sequence. Geographically distributed teams 
lose certain of these capabilities. For instance, in an audio teleconferencing 
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setting groups lack the capability to see each other and receive nonverbal signals, 
such as facial expressions. On the other hand, when distributed groups use 
electronic communication tools to communicate, group members gain new 
capabilities to support their communication. For instance, internet chat groups 
have the ability to revise or fine-tune their input before communicating it to 
others, and search previous conversations which are stored on the computer for 
specific information in written text, allowing them to go backward in time and 
edit messages for future communications (see also Kiesler & Sproull, 1992). 

According to the above perspectives, virtual teams can thus be more effective 
than collocated face-to-face teams, if media capabilities are matched to the 
fundamental communication processes required to perform the task and the 
situation in which the team members have to interact. This general idea was 
tested in the experiment that is described in chapter 4 of this dissertation (see also 
Van der Kleij, Rasker, Lijkwan, & De Dreu, 2006; Van der Kleij, Lijkwan, 
Rasker, & De Dreu, 2007). In contrast to previous work comparing face-to-face 
communication to either video-conferencing or to computer-mediated 
communication, this experiment focused on a particularly rich mediated-
communication environment combining different groupware applications. 
Distributed teams had to work on a planning task over a networked computer 
system allowing them to share applications, work in parallel, and exchange in 
real time high-quality audio as well as video. This experiment found strong 
support for the notion that virtual teams can be as effective as collocated face-to-
face teams (cf. Olson, Olson, & Meader, 1997). No differences were found on all 
measures that were taken, except for the quantity of performance: The 
sophisticated communication environment enabled teams to work on the task 
more rapidly than their face-to-face counterparts. Because team members were 
able to share their work, submit ideas at the same time, and see the comments 
and additions of their counterpart in real time, they worked more efficiently than 
face-to-face teams. 
 

1.4.2 Allow Teams to Adapt to Environmental Opportunities and Constraints 
 
Several studies acknowledge that one of the most important aspects of teamwork 
is the ability to adapt to environmental opportunities and constraints 
(Blickensderfer, Cannon-Bowers, & Salas, 1998; Entin & Serfaty, 1999; 
Kozlowski, 1998; LePine, 2005; Serfaty, Entin & Johnston, 1998; Serfaty, Entin, 
& Volpe, 1993). Team members in effective teams are able to use information 
from the task environment to adjust team strategies, back each other up, make 
mutual adjustments, and reallocate team resources (Blickensderfer et al., 1998). 
Serfaty et al. (1993) found that teams with records of superior performance are 
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extremely adaptable to varying task demands. These teams switched between 
several coordination strategies and organizational structures, with different lines 
of authority, communication patterns, and task responsibilities as they move from 
normal to high-tempo or emergency situations. Serfaty et al. (1993) asserted that 
reliable teams have not one, but several organizational structures and shift 
between them when needed. These teams maintain open and flexible 
communication lines that promote the free flow of information from the lowest to 
the highest levels as well as the other way around. In adaptive teams, team 
members were also found to be sensitive to other members’ workload and 
performance in high-tempo situations. 

Adaptive response models stress response to environmental opportunities and 
constraints as a guiding force in group change (Arrow, Poole, Henry, Wheelan, & 
Moreland, 2004; McGrath, 1991). One important aspect of these models is that 
the notion of equifinality is incorporated, a condition in which different initial 
conditions lead to similar effects. This means that these models assume that 
different temporal patterns or paths can lead to the same result: good 
performance. The path chosen depends on task features or environmental 
constraints, such as time pressure or limitations in the communication setting in 
which virtual teams have to collaborate. These theories assume that there exists 
no single best path to match task and contextual demands, but assume that 
adaptation of temporal patterns to these changing demands is essential to 
effective group performance (Poole & DeSanctis, 1990).  

McGrath, Arrow, Gruenfeld, Hollingshead, and O’Connor (1993) argue that 
adaptation is a function of the effects of increased experience, as a group, with its 
tasks, with its technology, and in its context. Adaptation is seen as a reaction to a 
mismatch between the group’s structure and composition, its task structure, its 
set of tools and resources for carrying out those tasks, and in the physical, 
organizational, and temporal context within which the work is being performed. 
Increased experience of a group reduces doubt with regard to distribution of labor 
and responsibilities. This is expected to reduce the degree of interdependence and 
the level of coordination and information exchange required in dispersed work 
groups. Moreover, increased experience with a given tool will make 
collaborating easier in the sense that group members can become more 
accustomed to the procedures involved in efficient collaboration. This, too, 
reduces the degree of coordination required. As a group gains experience using 
groupware, it will change the ways in which it uses those tools in such a manner 
that initial constraints due to the newness and technological limitations of the 
groupware are compensated for (McGrath et al., 1993). For example, Van der 
Kleij, Paashuis, and Schraagen (2005, see also chapter 3 of this dissertation), 
found that distributed teams, as compared to face-to-face teams, were able to 
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compensate for initial constraints due to their dispersed nature as a result of 
increased experience. This finding was explained in terms of a technological 
adaptation effect. Technological adaptation occurs when people learn how to use 
the technological tools available despite technological limitations, such as 
restrictions in bandwidth (Dourish, Adler, Bellotti, & Henderson, 1996; Olson & 
Olson, 2000; Qureshi & Vogel, 2001).  

Van der Kleij, Schraagen, Werkhoven, and De Dreu (2007; see also Van der 
Kleij, Paashuis, Langefeld, & Schraagen, 2004, and chapter 2 of this dissertation) 
studied the effects of experience on the conversational process in a longitudinal 
experiment. This experiment, which compared video-conferencing teams to face-
to-face teams, tested 22 three-person teams over the course of four test sessions 
at 2-week intervals. Teams had to select and argue the correct answer out of three 
alternatives for ten questions. Results showed that, compared to face-to-face 
teams, video-mediated teams took more time for turns, required fewer turns to 
complete the task, and interrupted each other less. In the end, initial differences 
between groups on all these measures had disappeared, again suggesting an 
adaptation effect. Furthermore, over time teams needed less conversation to 
complete the task. In both conditions, the overall number of turns decreased as 
teams gained experience, and the overall duration of pauses increased. Team 
members appeared to develop shared knowledge structures about the task, roles, 
responsibilities, and informational needs of their team members. Consequently, 
team members were able to anticipate each other’s information needs and 
provide relevant information before being asked to do so (see also § 1.4.3).  
 

1.4.3 Help Teams to Maintain Awareness  
 
To achieve the coordination required for collaboration, team members must 
maintain an ongoing awareness of the situation, the task, and the team. This can 
be described as an organized knowledge structure that includes objects, situations 
and events, and the relationships between them (Cannon-Bowers, Salas, & 
Converse, 1993). This enables people to draw inferences and make predictions, 
to interpret and understand phenomena, to decide what actions to take, and to 
control system execution (Johnson-Laird, 1987). These knowledge structures, 
sometimes called mental models, are not fixed knowledge structures in the mind 
but are based on interactions with the world and prior experience. Shared 
knowledge structures provide a team with a common problem space in which 
team members can explain the situation and behavior of team members, and 
predict the information and resource needs of team members (see § 1.3.3). It is 
believed that teams who share these knowledge structures have common 
expectations of the task, roles, and responsibilities allowing them to predict the 
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behavior and information needs of other team members (Cannon-Bowers et al., 
1993; Converse, Cannon-Bowers, & Salas, 1991; Rouse, Cannon-Bowers, & 
Salas, 1992; Serfaty & Entin, 1995). This enables these teams to anticipate on the 
activities of fellow team members and adjust their behavior accordingly.  

As mentioned earlier, developing and maintaining awareness is much more 
difficult in virtual teams than in collocated ones (see Cramton, 2001). According 
to Kraut et al. (2002), collaborators need to be able to monitor their partners’ 
activities and to understand the impact of their partners’ progress on their own 
work. Monitoring can help people determine when and which collaborative 
actions are required. In other words, monitoring helps to determine whether it is 
time to “harass” someone to complete his or her section of the task. The major 
challenge, according to Kraut et al, is to develop tools or procedures for virtual 
teams that allow people to monitor their partners’ activities and aid the 
development of awareness.  

There are several examples of groupware that claim to help teams in 
maintaining awareness. Most of them focus on maintaining so called passive 
awareness. This means that these technologies aim to provide collaborators with 
knowledge of the other team members. For example, Bolstad and Endsley (1999) 
investigated the use of shared displays as a means of enhancing shared 
knowledge structures. A comparison was made between teams in which the 
members were able to view each other’s screen while working and teams in 
which team members could not view each other’s screen. Bolstad and Endsley 
concluded that the shared-display setting supported the development of a shared 
knowledge structure and improved performance. Nevertheless, team members 
who could view each other’s screen were initially slower. The reason for this was 
twofold. First, team members used extra time looking at the teammate’s screen. 
Second, team members used more time to develop knowledge of the teammate’s 
task. The major design challenge is therefore to share the information needed to 
maintain awareness, detect relevant changes in the environment, and then present 
these changes to interested parties without overwhelming them so much that they 
are unable to do their own work (Bolstad & Endsley, 1999). 

Geister, Konradt, and Hertel (2006) focused on providing feedback about 
ongoing team processes through a web-based online feedback system as a 
method for developing and maintaining awareness. These researchers assumed 
team process feedback to be a core element of awareness. Team members were 
asked to rate several items related to how the team was performing once a week 
during a period of five weeks. Feedback on these items was given to each team 
member on an accumulated team level. This enabled team members to detect 
which team aspects were rated as satisfying and which aspects were rated as 
improvable. Teams that used this online feedback system showed an increase in 
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subjective performance and expert rating of performance compared to controls 
that did not use an online feedback system. Furthermore, Geister et al. found that 
feedback increased motivation and satisfaction. 

Other approaches have used images and video to provide a view into work 
environments of remote team members to show progress and availability. For 
example, Dourish et al. (1996) studied their own experiences with prolonged use 
of networked multimedia computer environments with semi-permanent pairwise 
audio and video connections. Their intention was to use these connections to 
connect their offices and create a virtual shared space. Over time it was found 
that complex patterns of behaviors were build up and resources were learned to 
employ which allowed the researchers to overcome some of the problems 
identified in shorter-term studies as troublesome for new users. New behavior 
patterns were organized around the nature of the virtual shared space. For 
example, after two or three months the researchers had developed the habit of 
looking directly into the camera that was on top of the monitor, rather then at the 
monitor, during periods of extended talk. The result is that the speaker sees the 
listener looking directly at him. This “looking into the camera” behavior arose as 
a means to give the speaker feedback that the listener was paying attention. 
However, after some time, this behavior was abandoned. It was no longer 
necessary for effective communication as the partners developed a greater 
awareness of each other’s gaze patterns. The researchers eventually learned to 
recognize when the listener’s gaze was directed at the video monitor, indicating 
that the listener was indeed paying attention.  

Jang, Steinfield, and Pfaff (2002) have concentrated on supporting awareness 
needs of distributed team members through people’s use of shared documents. 
Jang et al. observed four specific types of awareness deficits in most virtual 
teams. First, the virtual teams they studied often lacked awareness about others’ 
activities (i.e., what their remote team members were doing). Second, there was a 
lack of awareness about each other’s availability, which made it difficult to 
schedule and coordinate synchronous group meetings. Third, team members 
often did not fully understand their distant partners’ deadlines and task 
requirements, and how these affected their own tasks. This represented a lack of 
awareness about the process. Finally, virtual teamwork was often characterized 
by a lack of perspective awareness. Groups often complained that it was difficult 
to interpret responses due to differences in training, backgrounds, institutional 
contexts, and so forth.  

To address these deficits, Jang et al. (2002) developed a groupware 
application called TeamSCOPE. This application contains a number of 
collaborative web-based features, including a shared file space, threaded 
discussion board, calendar, file annotation, active user monitoring, and text-based 
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chat. The purpose of TeamSCOPE was to provide members of a distributed team 
with information about which project documents have changed, who had read 
them, and which team members had been active (cf. Kraut et al., 2002). An 
evaluation of TeamSCOPE showed that the groupware improved members’ 
perceptions about awareness of others’ activities, and satisfaction with their 
communication and information exchange, but only in teams that were composed 
of frequent users. When teams were composed of incidental users, the system had 
an opposite effect resulting in negative perceptions and increased risk for 
conflict. 
 

1.4.4 Summary and Discussion 
 
To utilize the full potential of virtual teams, steps should be taken to lessen the 
challenges of dispersion of team members over time and space. The literature 
points to several strategies. These strategies include (a) matching communication 
media capabilities to the fundamental communication processes required to 
perform the task and the situation in which the team members have to interact; 
(b) allowing teams to adapt to environmental opportunities and constraints; and 
(c) helping teams to maintain awareness of the situation, task, and team during 
distributed meetings. For each of these strategies I discussed the theoretical 
underpinnings and I offered ideas for how to implement them in practice. Of 
course, not all these strategies have immediate utility and we surely need to test 
them to see what works, under what conditions, to what extent, why, and how. 
Notwithstanding these practical issues, I think the ideas are feasible suggestions 
for enabling and facilitating efficient and effective virtual teams. 
 

1.5 Conclusions  
 
Teamwork is important. When we assign a task to a team rather than to an 
individual, there are several benefits, such as the ability to work in parallel and 
speed up work processes. Proximity is an important moderator to good 
teamwork. Proximity helps to initiate communication, conduct a conversation, 
and maintain awareness of the state of the environment, task, and team. Virtual 
teams lack physical proximity. Although virtual teams have a number of benefits 
that make them attractive to a wide range of public and private organizations, 
their dispersed nature can constitute a major barrier to virtual team effectiveness. 
The literature has begun to offer strategies for minimizing the challenges of 
distributed teamwork. The practical value of most of these strategies, however, is 
still limited. Some ideas lack practical value because of a focus on sophisticated 
futuristic technologies not generally available to most teams. Other strategies 
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lack specificity, for instance by stating that other teamwork processes are needed 
without specifying the nature of these processes. Furthermore, most of these 
strategies are untested and most of the research in this area is explorative in 
nature. This means that careful consideration and empirical attention is 
warranted.  

Considering these weaknesses, what does this mean for the study of virtual 
teams? First, there is a need for controlled experimental studies to increase 
knowledge and understanding of the factors that are important for successful 
distributed teamwork. Second, instead of additional studies indicating how 
virtual teams fail, I think that the time is ripe for more detailed empirical studies 
deepening our understanding on how we can level the barriers that impede virtual 
team effectiveness. These studies should focus on how to design successful 
virtual teams and technical support structures that combine the benefits of 
traditional teams with those of virtual teams. The following empirical chapters 
will provide a preliminary step towards achieving such understanding.  
 



 
 

 

Chapter 2 
 

How Conversations Change over Time in 
Face-to-Face and Video-Mediated 

Communication3 
 
 

An experiment was conducted to examine how communication patterns and task 
performance differ as a function of the group’s communication environment and 
how these processes change over time. In a longitudinal design, three-person 
groups had to select and argue the correct answer out of a set of three alternatives 
for ten questions. Compared to face-to-face groups, video-teleconferencing groups 
took fewer turns, required more time for turns, and interrupted each other less. 
Listeners appeared to be more polite, waiting for a speaker to finish before making 
their conversational contribution. Although groups were able to maintain 
comparable performance scores across communication conditions, initial 
differences between conditions in communication patterns disappeared over time, 
indicating that the video-teleconferencing groups adapted to the newness and 
limitations of their communication environment. Moreover, because of increased 
experience with the task and the group, groups in both conditions needed less 
conversation to complete the task at later rounds. Implications are discussed for 
practice and possibilities for future research.  

 
 

2.1 Introduction 
 
Clear and concise communication is essential to good teamwork (McIntyre & 
Dickinson, 1997; McIntyre & Salas, 1995; Rochlin, LaPorte, & Roberts, 1987; 
Salas, Burke, & Samman, 2001; Seifert & Hutchins, 1992; Smith-Jentsch, 
Johnston, & Payne, 1998). Communication is a tool for teams to accomplish their 
tasks and to coordinate their actions (Kanki, Folk, & Irwin, 1991). It enables 
team members to state their intentions, and to send and receive information 
among one another. Furthermore, it allows team members to keep up-to-date 

                                                 

3 This chapter is based on Van der Kleij, Schraagen, Werkhoven, & De Dreu (2007); and 
Van der Kleij, Paashuis, Langefeld, & Schraagen (2003, 2004). 
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with the changes in the situation, and to evaluate and improve task performance 
(Rasker, 2002).  

Because organizations increasingly rely on virtual teams, scholars and 
practitioners alike have vented a considerable interest in understanding the 
impact of distributed teamwork on communication and the nature of the 
constraints imposed when one has to communicate over a communications 
network. In distributed settings, correspondence is often unclear and infrequent 
(Thompson & Coovert, 2006). In virtual teams, team members may even not 
share the same native language, which most likely will result in less depth and 
candidness of exchange and an increase in psychological distance (Gibson & 
Cohen, 2004). Finally, virtual teams have more trouble recognizing when 
communication mix-ups have occurred and they are slower to correct these 
misunderstandings (Thompson & Coovert, 2006). In short, one of the biggest 
challenges of virtual teams is to overcome ineffective and inefficient 
interpersonal communication.  

In the current research, we focus on the role of experience in overcoming such 
communication deficiencies. Our main goal is to investigate how communication 
patterns, satisfaction, and task performance differ as a function of the group’s 
communication environment, whether distributed or collocated, and how these 
variables change over time. Moreover, we will explore the interactions between 
communication environment and experience.  
 

2.1.1 Interpersonal Communication 
 
Conversations can be characterized in terms of the length of pauses, the duration 
and number of turns, and number of interruptions (Sellen, 1995). This aspect of 
communication refers more to how things are communicated as opposed to the 
speech content (Kanki et al., 1991). Because these patterns of communication are 
measurable, they offer an alternative to task performance as a means for 
assessing the effect of communication media. Sellen maintains that such 
measures are of interest because they may reveal the manner in which a 
conversation is conducted. For example, difficulties in the regulation of 
conversation may reveal itself in long turns, frequent interruptions, or unusually 
long pauses.  

Several studies have looked at how communication patterns change with 
communication mode (for reviews, see Doherty-Sneddon, O’Malley, Garrod, 
Anderson, Langton, & Bruce, 1997; Sellen, 1995). Most of these studies have 
involved comparisons of face-to-face versus audio or text-based conditions. 
Although findings have been inconsistent across studies, clearly differences exist 
between language use in distributed and collocated face-to-face settings (Boyle, 
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Anderson, & Newlands, 1994). For example, it has been found that telephone 
conversations tend to be more formal, with fewer interruptions and longer 
utterances than face-to-face conversations (Doherty-Sneddon et al., 1997). In 
addition, text-based communication has been found to disrupt the regulation of 
turn taking and to undermine higher-level language processes (i.e., the construal 
of meaning) (Hancock & Dunham, 2001). Similarly, Ferrara, Brunner, and 
Whittemore (1991) observed that interlocutors in text-based settings tend to omit 
copulas, subject pronouns, and articles as a response to the increased costs of 
formulating and producing utterances in these settings as opposed to speaking.  

Few studies have focused on communication patterns in video-mediated 
communication (O’Conaill & Whittaker, 1997; Sellen, 1995). These studies to 
some extent suggest that video-mediated communication has similar effects on 
the conversational process as communications through, for example, the 
telephone. Furthermore, there is some indication that video-teleconferencing 
technologies are attenuating the social context cues available in face-to-face 
meetings. Social context cues are nonverbal signals (e.g., facial expressions), 
paraverbal cues (e.g., voice volume), status and interpersonal cues (e.g., age, 
physical appearance), and features of the physical surroundings (e.g., office size) 
(Dietz-Uhler & Bishop-Clark, 2001; Sproull & Kiesler, 1986; Straus, 1997). 
These cues are considered important in helping parties to regulate interaction, 
express information, and monitor feedback from others during face-to-face 
communication (Boyle et al., 1994; Straus, 1997). 

These studies notwithstanding, natural occurring groups show some variation 
in task, communication settings, and exhibit considerable fluctuations in 
membership and attendance from time to time (McGrath, Arrow, Gruenfeld, 
Hollingshead, & O’Connor, 1993). The few experimental studies that 
investigated the effects of long-term use of communication technologies suggest 
that temporal aspects can have a large impact on group processes and outcomes 
(e.g., Hollingshead, McGrath, & O’Connor, 1993; McGrath, 1993; McGrath et 
al., 1993; Van der Kleij, Paashuis, Langefeld, & Schraagen, 2004; Van der Kleij, 
Paashuis, & Schraagen, 2005). The question remains, however, how experience 
with the task, group, and communication mode affects the conversational 
process.  
 

2.1.2 Experience and Change in Distributed Groups 
 
Groups change over time. This can be seen as an alternation in the nature of 
interactions, performance, or both (Arrow, Poole, Henry, Wheelan, & Moreland, 
2004). McGrath et al. (1993) argue that change occurs in two basic forms. First, 
as a function of increased experience, as a group, with its tasks, technology, and 
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in its context. Second, as a function of changes in the group’s composition or 
structure, in its tasks, technology, and context. McGrath et al. see the resulting 
change as a reaction to a mismatch between the group’s structure and 
composition, its task structure, its set of tools and resources for carrying out those 
tasks, and in the physical, organizational, and temporal context within which the 
work is being performed.  

Adaptive response theories stress the importance of environmental 
opportunities and constraints as a guiding force in group change (Arrow, 1997; 
Arrow et al., 2004; McGrath, 1991). One important aspect of these theories is the 
notion of equifinality, a condition in which different initial conditions lead to 
similar effects. Equifinality is used to describe behavior that is oriented towards 
reaching certain final conditions or states regardless of where it started. This 
means that these theories assume that different temporal patterns or paths can 
lead to the same result: good performance. The path chosen depends on task 
features or environmental constraints, such as time pressure or limitations in the 
communication environment. Adaptive response theories assume that there exists 
no single best path to match task and contextual demands, but assume that 
adaptation of temporal patterns to these changing demands is essential to 
effective group performance (Poole & DeSanctis, 1990). Feedback from the 
environment is seen as crucial in the facilitation of change in groups.  

McGrath et al. (1993) reason that increased experience working as a team on a 
given task will tend to “routinize” the team’s division of labor and the ways in 
which it uses its available tools and resources. This process will reduce 
ambiguity and increase predictability, improve coordination, and reduce the 
amount of information exchange that is required for successful task completion. 
Importantly, according to McGrath et al., the increased experience with 
communication tools makes the accomplishment of interdependence, 
coordination, and information sharing easier than with unfamiliar communication 
tools.   

Based on the aforementioned literature review and discussion on the effects of 
experience with group, task, and communication tools, we expect that face-to-
face groups (H1a) have fewer difficulties in the regulation of conversation, (H1b) 
experience more satisfaction with group processes and outcomes, and (H1c) will 
outperform video-teleconferencing groups. Second, we predict (H2) that 
differences between face-to-face groups and video-teleconferencing groups will 
disappear over time, as video-teleconferencing groups adjust to the newness and 
limitations of the communication medium available to them. Third, we expect 
(H3) increased experience with the group and the task to result in fewer 
difficulties in the regulation of conversation, more satisfied group members, and 
better performance in both communication conditions.  
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2.2 Method 
 

2.2.1 Participants  
 
Sixty-six people (30 men) participated in a longitudinal experiment. Participants 
were students and their age ranged from 18 to 32 years. In the face-to-face 
condition, six groups that consisted of two men and one woman participated and 
five groups that consisted of two women and one man. In the video-
teleconferencing condition, four groups of two men and one woman and five 
groups of two women and one man participated. In the video-teleconferencing 
condition, two groups consisted of three women. None of the group members 
knew each other prior to the experiment. For participating in the experiment, we 
awarded each participant with €40 per test session, which was about $55. The 
total amount for participating in all test sessions was €160, which we paid to each 
participant after the fourth test session. The best performing group over all four 
test sessions in each experimental condition was held out the prospect of an extra 
bonus of €40 for the group as a whole, to enhance motivation and stimulate 
groups to remain in the experiment until the end.  
 

2.2.2 Apparatus 
 
2.2.2.1 Face-to-Face Environment 
Groups in the face-to-face condition were placed in the same room around a 
round table. The table had a diameter of 180 cm. A video camera was set up in 
one upper corner of the room for recording purposes. The video output was 
channeled through coaxial cable to a Panasonic AG 8700 VHS video recorder in 
the experimental room. During task performance, participants wore Shure 
unidirectional close-talking microphone headsets; model SM10A. The audio 
output from these headsets was fed through coaxial cables to a breakout box in 
the experimenter room from where the speech was transported to a speech-
storage unit and stored as separate tracks on removable hard disks for archiving 
and further analysis.  
 
2.2.2.2 Video-Mediated Environment 
Participants of the video-teleconferencing groups were located in different 
rooms. Members were seated in a room at an oval half round table with a 
diameter of 180 cm. In front of them was a large rear projection screen of 146 × 
86 cm. This screen was contained in an aluminum frame, which added 3 cm to 
the total size of the screen in each direction. Figure 2.1 shows a schematic of the 
experimental video-teleconferencing condition. 
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Behind each participant in the video-teleconferencing condition, blue 
partitions were placed to create a uniform background. Participants in the video-
teleconferencing condition wore the same unidirectional microphone headsets as 
participants in the face-to-face condition to record the audio communication. In 
this condition, the sound was also amplified and transmitted to the other two 
rooms so the participants could communicate with each other. Two Panasonic 
WV-gp150E cameras filmed the participants in the video-teleconferencing 
condition. The cameras were situated on both sides of the screen and were used 
for the transmission of images to the other rooms. Although the camera positions 
did not allow participants the establish eye contact, gaze direction could be 
determined by the position of the head of the speaker (i.e. an isotropic condition 
enabling selective gaze was created). The images recorded by the video cameras 
were projected by two Hitachi XGA cp x970 beamers.  
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Figure 2.1. Experimental setup. Two cameras were situated on both sides of the screen 
and were used for the transmission of images to the other locations. The cameras were 
positioned on the sides of the screen to create an isotropic condition enabling selective 
gaze. Speech was amplified and transmitted to the other two rooms so the participants 
could communicate with each other. 

 
A third camera was located on top of the screen and was used to monitor 
progress on the experimental task. A Panasonic VN 484p intercom system was 
used to inform the participants when to start and stop working. Factors affecting 
the quality and intelligibility of the speech, and those interfering with the process 
of communication were kept to a minimum. For example, we were able to reduce 
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noise levels, echoes, reverberation, and cross talk between sound source and 
receiver using directional microphones. Further, because there was no processing 
required for coding and decoding of the audio and video signals, no unwanted 
round-trip delays and delays between audio and video were present.  
 

2.2.3 The Science Quiz Task 
 
For this experiment, we designed a group task that had the potential to induce 
differences in speech patterns between communication conditions. Groups had to 
select and argue the correct answer out a set of three alternatives, a task that can 
be classified according to McGrath’s (1984) group task circumplex as an 
“intellective” task. There were four sets of ten questions each, one set for each 
consecutive test session. The questions (including the answers and written 
argumentations) were selected from the archives of an annual Dutch television 
show called The Science Quiz to the extent discussion between group members 
was provoked. Questions that were selected had to be at least four years old, so 
the probability of our participants knowing the questions from previous television 
shows was reduced to a minimum. We divided the questions at random over the 
four versions of the task. Topics of the questions ranged on a variety of fields, 
such as mathematics and biology. Sample questions are: “Why are bananas 
curved? (a) The curve is genetically defined; (b) Because of gravity; (c) Because 
of exposure to (sun) light”; and “Imagine that you have a glass of water with one 
large ice cube. What happens to the level of the water when the ice cube melts? 
(a) Nothing, the level does not change; (b) The level rises; (c) The level sinks.”  
 

2.2.4 Design 
 
We tested 22 groups in two communication environments (face-to-face same-
room and video-teleconferencing non-collocated communication) at four test 
moments making a 2 × 4 mixed repeated measures design. In the face-to-face 
condition we started out with 13 groups and in the video-teleconferencing 
condition there were 16 groups at test moment one. At the end of test session 
four, 11 groups remained in both conditions. The other seven groups dropped out 
due to several reasons, such as illnesses of group members or problems with 
making follow-up appointments with the experimenter or fellow group members. 
The findings are based on the remaining 22 groups.  
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2.2.5 Dependent Variables 
 
Three categories of dependent variables were assessed: (a) speech patterns, (b) 
satisfaction, and (c) task performance. We discuss these categories in the 
following subsections.  
 
2.2.5.1 Speech patterns  
Specialized speech-tracking equipment was used to converse the speech waves 
that were stored on removable hard disk into on-off patterns for each participant. 
When a participant spoke louder than a preset threshold, a talk spurts was 
recorded and stamped with a time code. For each participant these talk spurts 
were laid down on a speech-time line showing when the on-off patterns of speech 
took place with respect to each other. This enabled us to analyze the lower levels 
of language use. Based on the speech time-lines that were generated, the 
software, threshold and specialized equipment were checked for correctness 
against videotape data, and parameters were adjusted, if appropriate, to 
compensate for individual differences (for a more elaborate discussion, see 
Sellen, 1995). The categorization definitions we used to analyze the data are 
described below. 

2.2.5.1.1 Duration of pauses. Pauses are moments of silence between two 
successive speakers. The average duration of pauses was measured in 
milliseconds.  

2.2.5.1.2 Turn duration. Turn duration was defined as the average time in 
milliseconds for each turn. Speech was identified as a turn when it lasted for at 
least 1500 milliseconds and was not interrupted during that time.  

2.2.5.1.3 Number of turns. The numbers of turns was defined as the average 
number of turns per group. The average number of turns was divided by the total 
amount of seconds that the group was working on the task. In this manner, the 
score was made independent of task duration. As with turn duration, speech was 
identified as a turn when it lasted for at least 1500 milliseconds and was not 
interrupted during that time. 

2.2.5.1.4 Number of simultaneous speech events. Simultaneous speech was 
defined as two or more participants that begin speaking at the same time (i.e., 
within one second after each other). We calculated the average number of 
simultaneous speech events. 

2.2.5.1.5 Number of interruptions with a turn switch. This variable was 
defined as an interruption of the current speaker resulting in a turn switch. The 
interruption must occur more than one second after the floor holder has started 
his turn.  
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2.2.5.1.6 Number of interruptions without a turn switch. This variable was 
defined as a short interruption of the current speaker. After the interruption the 
same speaker still holds the floor. If two persons interrupt the speaker at the same 
time this is categorized both as simultaneous speech and as an interruption. The 
interruption must occur more than one second after the floor holder has started 
his turn to be scored as an interruption. Scores were computed per group.  
 
2.2.5.2 Satisfaction 
A satisfaction questionnaire was administered after completion of the task. The 
questionnaire was adapted from Dennis (1996), translated into Dutch, and 
tailored to our setting and participants. It contained the following five items 
pertaining to satisfaction about the task, other members, and the communication 
processes of interacting with other members: “I am satisfied about the course of 
discussions in our team”, “I am satisfied about the quality of the interactions in 
our team”, “I am satisfied with the quality of the outcome of our team”, “To what 
extent do you feel that you have contributed to the team’s final outcome?”, “To 
what extent do you feel that all team members had equal input to the team’s final 
outcome?” (5 items, Cronbach’s α = .95). All items were measured on seven-
point Likert scales, in which a score of 1 corresponds to the most negative 
response to a statement and a score of 7 corresponds to the most positive 
response to a statement. 
 
2.2.5.3 Task performance 
Scores on the science quiz task were determined by the number of questions that 
were answered correctly and by the quality of the group’s argumentation. For 
each correct answer, we awarded one point to the team to a maximum score of 
ten points for each test session. If the answer was correct, an additional point was 
awarded for the correctness of the written argumentation. Thus, the maximum 
score was 20 points per team, per test session. Two raters simultaneously judged 
the argumentations of the groups. To exclude effects of raters’ unintentional 
preferences, group products were numbered, presented in random order to the 
raters, and we removed all information linking them to the experimental 
conditions. 
 

2.2.6 Procedure and Instructions 
 
As soon as participants arrived at the lab, we escorted them to their seats where 
they received a general instruction about the experiment. Participants were told 
that the experiment was designed to study group processes. After all participants 
had read the general instructions, we gave them task specific instructions. After 
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clarifying the instructions and answering possible questions about the task, ten 
questions were divided at random between the three group members, which 
meant that one person received four questions and both others received three 
questions each. One person was made responsible for writing down the answers 
and accompanying argumentation on which the group had to reach consensus 
first. The participants were told that the questions had to be answered in fixed 
order within 30 minutes, which was more than enough time to answer all 
questions. Then the experimenter left the room and told the groups to start 
working through the intercom. When time was up or the group had finished 
before time, the experimenter entered the room again and collected the task 
materials. The group members then had to fill in questionnaires on satisfaction 
and telepresence. The latter questionnaire we used to check for the correctness of 
our dispersion manipulation. One test session took about one hour in both 
conditions. 

The video-teleconferencing groups were seated in separate rooms and 
communication was mediated through a video-teleconferencing system. These 
participants received additional instructions pertaining to the use of the video-
teleconferencing system. To maintain as much control as possible, participants 
were not allowed to leave their rooms during the experiment to prevent them 
from getting to know the other group members outside the test situation. For the 
same reason, we collected the participants one at a time at their arrival and 
escorted them in the same manner to the main exit of our lab facilities at the end 
of the test session. Further, we asked our participants to refrain from discussing 
the experiment during unforeseen encounters with members of their own and 
other groups. After the final test session, we debriefed and interviewed 
participants, thanked them for their cooperation, and excused them. 
 

2.3 Results  
 
An ANOVA for repeated measures designs was carried out on all variables at the 
team level to account for statistical interdependence. Data were analyzed in a 2 
(communication group) × 4 (test session) mixed-model ANOVA with the last 
factor within groups. The probability of a Type I error was maintained at .05 for 
all analyses. Table 2.1 summarizes the means and standard deviations for the 
dependent variables across conditions. 
 

2.3.1 Manipulation Check 
 
The perceived physical distance between group members, also called 
telepresence, was assessed at the end of each test session on a questionnaire that 
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included the following item: “During the experiment I had the feeling we were 
all in the same room”. We used a seven-point Likert scale, in which a score of 1 
corresponds to the most negative response to a statement and a score of 7 
corresponds to the most positive response to a statement. The analysis revealed a 
significant main effect for communication condition, F (1, 20) = 42.98, p < .001. 
Face-to-face groups scored higher on this question (M = 6.63; SD = .39) than 
video-teleconferencing groups (M = 4.52; SD = 1.06), meaning that the 
experimental manipulation produced the desired psychological effect. The 
average score for the video-teleconferencing groups was actually quite high, 
indicating that our teleconferencing system was capable of inducing the 
impression of sharing space with the participants at the remote site. No 
significant main effect for test sessions was found on this question, F (3, 60) = 
1.54, ns. Likewise, no interaction effect was found between communication 
condition and test sessions, F (3, 60) = .96, ns.  
 
Table 2.1. Cell means and standard deviations as function of communication condition 
(face-to-face [FTF] vs. video teleconferencing [VTC]) and test session (N = 22). 

 Test session  
Dependent variable 1 2 3 4 Row 

Duration of pauses a      
FTF .86 

(.12) 
.97 

(.31) 
.95 

(.14) 
1.06 
(.37) 

.96 
(.26) 

VTC .91 
(.22) 

1.02 
(.28) 

1.08 
(.27) 

1.06 
(.29) 

1.02 
(.26) 

Turn duration a      
FTF 1.32 

(.14) 
1.35 
(.13) 

1.33 
(.10) 

1.33 
(.13) 

1.33 
(.12) 

VTC 1.48 
(.12) 

1.45 
(.09) 

1.47 
(.13) 

1.44 
(.10) 

1.46 
(.11) 

Number of turns b      
FTF .20 

(.02) 
.19 

(.03) 
.19 

(.02) 
.18 

(.03) 
.19 

(.02) 
VTC .18 

(.02) 
.17 

(.02) 
.16 

(.01) 
.17 

(.02) 
.17 

(.02) 
Simultaneous speech 
events b 

     

FTF 28.67 
(4.94) 

25.98 
(6.12) 

25.67 
(4.52) 

23.41 
(5.95) 

25.88 
(5.58) 

VTC 21.44 
(5.38) 

19.47 
(3.16) 

17.91 
(2.63) 

19.52 
(4.11) 

19.58 
(4.03) 

(table continues) 
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Table 2.1. (continued) 
Interruptions with 
turn switch b 

     

FTF 15.63 
(6.66) 

14.17 
(5.72) 

14.08 
(4.94) 

12.50 
(4.98) 

14.09 
(5.53) 

VTC 13.67 
(4.89) 

12.61 
(5.30) 

10.96 
(5.71) 

11.84 
(3.72) 

12.27 
(4.89) 

Interruptions without 
turn switch b 

     

FTF 14.96 
(7.93) 

15.13 
(7.59) 

13.08 
(5.39) 

13.79 
(6.54) 

14.24 
(6.74) 

VTC 14.75 
(10.37) 

9.57 
(4.00) 

8.64 
(4.83) 

10.21 
(3.11) 

10.79 
(6.49) 

Satisfaction c      
FTF 5.66 

(.36) 
5.95 
(.59) 

5.88 
(.46) 

5.68 
(.63) 

5.79 
(.52) 

VTC 5.53 
(.49) 

5.41 
(.59) 

5.42 
(.49) 

5.48 
(.56) 

5.46 
(.52) 

Task performance d      
FTF 7.36 

(3.28) 
6.82 

(2.40) 
6.82 

(3.94) 
7.09 

(3.01) 
7.02 

(2.51) 
VTC 7.91 

(3.96) 
8.82 

(4.17) 
7.18 

(2.70) 
8.55 

(3.95) 
8.11 

(2.31) 
Note. Values enclosed in parentheses represent standard deviations.  
a The values on this scale represent the average time in milliseconds.  
b The values on this scale represent the total number of speech occurrences.  
c The values represent mean scores on seven-point Likert scales.  
d The values represent mean scores on the science quiz task for each condition. The 
maximum score is 20. 
 

2.3.2 Speech Patterns 
 
2.3.2.1 Duration of pauses 
No significant differences in duration of pauses were found between the face-to-
face groups (M = .96; SD = .26) and the video-teleconferencing groups (M = 
1.02; SD = .26), F (1, 20) = .48, ns. The analysis did reveal a significant main 
effect of test sessions for duration of pauses, F (3, 60) = 3.19, p < .05. As can be 
seen in Table 2.1, overall duration of pauses increased as groups gained 
experience. No interaction effect was found between communication condition 
and test sessions, F (3, 60) = .40, ns. 
2.3.2.2 Turn duration  
The analysis revealed a significant main effect for communication condition on 
turn duration, F (1, 20) = 9.66, p < .01. The face-to-face groups took less time for 
turns (M = 1.33; SD = .12) than the video-teleconferencing groups (M = 1.46; SD 
= .11). No significant main effect for test sessions was found, F (3, 60) = .20, ns, 
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suggesting that over time no increase or decrease was present in turn duration. 
Although the interaction between communication condition and test sessions was 
not significant, F (3, 60) = .59, ns, post hoc analysis revealed significant 
differences between conditions on test sessions one, two, and three but not on test 
session four (see Table 2.1). This is indicative of an adaptation effect. 
  
2.3.2.3 Number of turns 
A significant main effect for communication condition was found for number of 
turns, F (1, 20)= 14.33, p < .001. The video-teleconferencing groups required 
fewer turns to complete the task (M = .17; SD = .02) than face-to-face groups (M 
= .19; SD = .02). Post hoc analysis showed that significant differences between 
conditions on test sessions one, two, and three were responsible for this effect 
(also see Table 2.1). We found no significant differences between conditions on 
test session four, suggesting an adaptation effect. Furthermore, a significant main 
effect for test sessions was revealed, F (3, 60) = 3.30, p < .05. Examination of the 
data revealed that the overall number of turns decreased as groups gained 
experience. No interaction effect was found between communication condition 
and test sessions, F (3, 60) = .92, ns. 
 
2.3.2.4 Number of simultaneous speech events 
The analysis revealed a significant main effect for communication condition for 
number of simultaneous speech events, F (1, 20) = 20.40, p < .001. Simultaneous 
speech events occurred less often for video-teleconferencing groups (M = 19.58; 
SD = 4.03) than for face-to-face groups (M = 25.88; SD = 5.58). Post hoc 
analysis revealed that significant differences between conditions on test sessions 
one, two, and three caused this effect. No significant differences between 
conditions were found on test session four, again suggesting an adaptation effect. 
Further, the analysis revealed a significant main effect of test sessions for number 
of simultaneous speech events, F (3, 60) = 3.78, p < .05. The overall number of 
simultaneous speech events decreased as groups gained experience. Additional 
analysis revealed that this effect was due to face-to-face groups, F (3, 30) = 8.68, 
p < .01. A significant linear trend characterized this decrease, F (1, 20) = 8.37, p 
< .01. Thus, the number of simultaneous speech events for face-to-face groups 
decreased at a constant rate as those groups gained experience (also see Table 
2.1). No interaction effect was found between communication condition and test 
sessions for the number of simultaneous speech events, F (3, 60) = 1.14, ns. 
 
2.3.2.5 Number of interruptions with turn switch 
For the number of interruptions with turn switch, no significant main effect for 
communication condition was found, F (1, 20) = 1.02, ns. In other words, no 
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significant differences were present on this variable between face-to-face groups 
(M = 14.09; SD = 5.53) and video-teleconferencing groups (M = 12.27; SD = 
4.89). Further, no significant main effect for test sessions was found, F (3, 60) = 
1.97, ns. Likewise, no interaction effect was found between communication 
condition and test sessions, F (3, 60) = .42, ns.  
 
2.3.2.6 Number of interruptions without turn switch 
No significant differences were found for the number of interruptions without 
turn switch between face-to-face groups (M = 14.24; SD = 6.74) and video-
teleconferencing groups (M = 10.79; SD = 6.49), F (1, 20) = 2.67, ns. The 
analysis revealed a marginally significant main effect for test sessions, F (3, 60) 
= 2.45, p = .07. Additional analysis revealed a significant effect for the video-
teleconferencing condition on test sessions, F (3, 30) = 2.92, p = .05. Marginal 
significant linear, F (1, 20) = 4.02, p = .06, and marginal significant quadratic, F 
(1, 20) = 3.50, p = .06, trends characterized this decrease. Thus, the numbers of 
interruptions without a turn switch for video-teleconferencing condition 
decreased at a decreasing rate as those groups gained experience. No interaction 
effect was found between communication condition and test sessions, F (3, 60) = 
1.15, ns.  
 

2.3.3 Satisfaction 
 
The analysis revealed a marginally significant effect between communication 
conditions on the satisfaction questionnaire, F (1, 20) = 3.72, p = .07. Face-to-
face groups (M = 5.79; SD = .52) were marginally more satisfied than video-
teleconferencing groups (M = 5.46; SD = .52). No significant main effect was 
found for test sessions, F (3, 60) = .32, ns, and no significant interaction effect 
was found for conditions and test sessions, F (3, 60) = 1.34, ns. 
 

2.3.4 Task Performance 
 
No significant main effect for communication condition was found for task 
performance, F (1,20) = 1.05, ns, indicating that groups did not differ in task 
performance across communication conditions. In addition, no significant main 
effect for test sessions was found on task performance, implicating that there was 
no occurrence of adaptation on task performance over time F (3, 60) = .37, ns. 
Likewise, no interaction was found between communication condition and test 
sessions, F (3, 60) = .36, ns. 
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2.4 Discussion 
 
Our goal was to examine how communication patterns, satisfaction, and task 
performance differ as a function of the group’s communication environment, and 
how these variables change over time. To investigate the effects of different 
communication environments, we compared video-teleconferencing sessions 
with face-to-face same-room meetings. To explore the effects of experience with 
group, task, and communication environment, we tested groups at four 
consecutive test sessions for one hour at two-week intervals. In the following 
subsections, we discuss the results and the limitations of our research and draw 
implications for future research and for the design of video-teleconferencing 
technologies. 
 

2.4.1 Effects of Communication Environment 
 
We expected that, due to the challenges imposed on distributed teamwork, face-
to-face groups would experience fewer difficulties in the regulation of 
conversation, experience more satisfaction, and would outperform video-
teleconferencing groups. The results partially confirmed our first hypothesis. The 
communication patterns of video-teleconferencing groups indicate that these 
groups experienced more difficulties in the regulation of conversation than face-
to-face groups (H1a). Moreover, members of face-to-face groups were 
marginally more satisfied than video-teleconferencing groups (H1b). However, 
video-teleconferencing groups suffered no decrement in performance as 
compared to face-to-face groups (H1c).  

First, consistent with previous research comparing face-to-face and telephone 
conversations (O’Conaill & Whittaker, 1997; Sellen, 1995), our results showed 
that, compared to face-to-face communication, video-teleconferencing groups 
took fewer turns, required more time for turns, and interrupted each other 
significantly less. In other words, the interaction process in video-
teleconferencing groups could be characterized as more formal, “lecture-like” 
with long turns: Listeners appeared to be more polite, waiting for a speaker to 
finish before making their conversational contribution. In general, these results 
suggest that video-teleconferencing technologies, although capable of inducing 
the impression of sharing space with the participants at the remote site, are to 
some extent attenuating the social context cues that are considered important for 
coordinating turn-taking during face-to-face communication (cf. Boyle, et al., 
1994).  

Second, we found marginally (p = .07) lower levels of perceived satisfaction 
with group processes and outcomes in video-teleconferencing groups as 
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compared to face-to-face groups. Baltes, Dickson, Sherman, Bauer, and LaGanke 
(2002) found similar results. With meta-analysis, Baltes et al. (2002) compared 
decision making in face-to-face with distributed computer-mediated 
communication groups (e.g., chat groups). Their results suggest that, in general, 
and compared with face-to-face groups, computer-mediated communication leads 
to decreases in satisfaction. Baltes et al. provided as an explanation that the 
relative lack of social context cues in the video-teleconferencing setting led to the 
frustration and dissatisfaction of the video-teleconferencing group members. 
Likewise, Mühlbach, Böcker and Prussog (1995) found a positive relation 
between telepresence and satisfaction: The greater feeling of being in direct 
contact with the participants at the remote site led to a higher degree of 
satisfaction with video teleconferencing. According to their line of reasoning, the 
communication setting creating the richest presence experience (i.e., face-to-face 
communication) should lead to the highest degree of satisfaction. This seems to 
underline the importance of mediating a sense of sharing space with the 
participants at the remote site in the development of innovative communication 
technologies. 

Third, although video-teleconferencing groups took fewer turns, required 
more time for turns, and interrupted each other less, we found no performance 
differences between face-to-face and video-teleconferencing groups. Groups 
were able to maintain comparable performance scores across communication 
conditions in spite of differences in communication patterns. It appears that 
group members adapted their communication patterns to their distributed 
working environment in an effort to maintain high and stable performance. This 
finding is consistent with previous studies (Boyle et al., 1994, Williams, 1977). 
In general, group members adapt to limitations in their working environment by 
accelerating their cognitive processing, increasing the amount of their implicit 
coordination by sending more information without being asked for it, and, to a 
lesser extent, omitting certain activities (Adelman, Miller, Henderson, & 
Schoelles, 2003). It is likely that to maintain a high performance on the task, 
communication strategies were altered in such a manner that task performance 
required less communication and resources were freed for the more demanding 
cognitive processing required in distributed group work.  

These finding have some interesting implications for the design of video-
teleconferencing technologies. In accordance with previous research, our results 
confirm the beneficial effects of proximity on communication. As it seems, 
proximity helps to conduct a conversation and has beneficial effects on 
satisfaction (cf. Kiesler & Cummings, 2002; (Kraut, Fussell, Brennan, & Siegel, 
2002). In collocated settings, people can use the full range of linguistic, 
paralinguistic, and nonverbal behaviors to communicate (Kraut et al., 2002), and 
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use deictic gestures (i.e., pointing) to refer quickly and easily to people, 
locations, and objects. This general notion implies that collocation makes it less 
difficult for group members to communicate information to others and to 
interpret the communications of others (cf. Driskell, Radtke, & Salas, 2003). 
Therefore, for virtual teams to be effective, it is essential that we consider 
innovative solutions, oriented at creating a perceptual immersion, that enable 
these teams to lessen the negative effects of geographical distribution. 
 

2.4.2 Effects of Experience 
 
Relating to adaptation, we hypothesized that initial differences between face-to-
face groups and video-teleconferencing groups would disappear over time, as 
video-teleconferencing groups would adjust to the newness and limitations of the 
communication medium available to them (H2). This hypothesis was also partly 
confirmed. At the end of the experiment, initial differences between 
communication conditions on turn duration, number of turns, and number of 
simultaneous speech events had disappeared, suggesting an adaptation effect on 
these communication patterns. This implies that video-teleconferencing groups 
are able to adapt to their given communication environment and that possible 
problems in the regulation of conversation are, to some extent, compensated for. 

This finding has an important implication for the design of groupware. It 
means that companies that build groupware, and their designers, could run the 
risk of devoting time, effort, and financial resources to the development of 
innovative solutions to non-problems: problems that diminish in time as people 
learn effective practices to adapt to the technologies available to them (see also 
Dourish, Adler, Bellotti, & Henderson, 1996). In practice, the implication of an 
adaptation effect is that video-teleconferencing groups that are new to the 
communication medium and must learn to operate it, must be allowed some time 
to adapt the medium’s structures into their work processes. 

Also interesting was the finding that over time groups in both communication 
conditions needed less conversation to complete the task, providing evidence in 
favor of our third hypothesis (H3). The overall numbers of turns decreased as 
groups gained experience and the overall duration of pauses increased. 
Furthermore, the number of simultaneous speech events for face-to-face groups, 
and, for the video-teleconferencing groups, the numbers of interruptions without 
a turn switch decreased. In other words, the volume of communication 
diminished over time (cf. Briggs & Johnston, 1967). 

A plausible explanation for this finding is the development of shared and thus 
more efficient language. The development of such a common vocabulary is 
called grounding (Clark & Carlson, 1982; Clark & Brennan, 1991). According to 
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Clark and Brennan (1991), grounding is essential to communication. Once a 
message is formulated, people must do more than just send it off. They need to 
assure their selves that it has been understood as it was intended to be. Otherwise, 
there is little assurance that the discourse they are taking part in will proceed in 
an orderly way. Thus, grounding involves reaching a state of mutual 
understanding about what was said and meant. By the principle of least 
collaborative effort, people try to ground with as little combined effort as needed. 
Although groups need to update their common ground moment by moment, 
especially when starting up a new discourse the associated costs of reaching a 
state of mutual understanding and common vocabulary can be compounded. This 
explains why at the beginning of the collaboration there was more 
communication.  

An alternative explanation for why the volume of communication diminished 
over time is that groups developed a shared knowledge structure, or transactive 
memory system, which allowed them make better use of each individual’s 
expertise (Hollingshead, 2001). Transactive memory is the shared division of 
cognitive labor with respect to the encoding, storage, retrieval, and 
communication of information from different domains that often develops in 
close relationships (Hollingshead, 1998; Wegner, 1987). Through self-disclosure 
and shared experiences, group members learn who the expert is across 
knowledge domains, and members rely on one another to access information in 
appropriate domains. When group members know who is good at what, 
coordination is likely to improve. Familiarity with one another’s strengths and 
weaknesses helps members to anticipate behavior rather than merely react to it 
(Moreland, Argote, & Krishnan, 1996). Even when task have not been assigned 
to particular members, group members can coordinate more smoothly, 
efficiently, and implicitly. Group members that offer essential information and 
resources to other group members without being asked to do so, engage in 
implicit coordination (cf. Cannon-Bowers, Salas, & Converse, 1993; Converse, 
Cannon-Bowers, & Salas, 1991; Entin & Serfaty, 1999; Rouse, Cannon-Bowers, 
& Salas, 1992; Serfaty & Entin, 1995). This means that experienced groups need 
less discussion to complete the same amount of work as groups that share no task 
experiences.   

Future research should focus on investigating the impact of communication 
environment on the development of a shared knowledge structure (cf. 
Hollingshead, 1998). It is well imaginable that a communication environment 
capable of conveying cues containing emotional, attitudinal, normative, and other 
meanings, beyond the literal cognitive denotations of the symbols used to express 
it (e.g., face-to-face communication), fosters more swiftly the development of 
shared knowledge of the task, roles, responsibilities, and informational needs of 
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fellow group members. Consequently, this means that virtual teams should 
consider having frequent face-to-face meetings to increase the chance of making 
the virtual collaboration a lucrative one. At least one face-to-face meeting should 
be scheduled before their first mediated communication to discuss the work and 
be acquainted with the other team members. Another moment is with the 
introduction of new participants in the group.  

Contrary to our expectations, neither satisfaction nor task performance 
increased as groups gained experience with the task, the group, and the 
communication setting. An explanation, which is compatible with the other 
accounts we have presented, involves the task we used in the experiment. 
Because we used a rather simple multiple-choice task that did not require skilled 
behavior, it is well possible that our distributed environment did not pose a real 
hindrance to our participants to maintain high and stable performance. This could 
also have led to the relatively high levels of satisfaction. Since there was ample 
time to perform the task, there was no challenge involved and groups in both 
communication conditions performed at their maximum at the beginning of the 
experiment: Participants either knew or did not know the answer to a specific 
question. It is not likely that the knowledge our participants possessed required 
answering the questions increased over time due to increased experience with the 
task. 

Clearly, more research is needed to more fully understand the effects of 
experience. For example, it would be interesting to replicate this longitudinal 
approach using a task that requires rich communication channels and has the 
potential to lead to substantial variances in group performance to investigate the 
effects of experience on task performance more thoroughly. Furthermore, it 
would also be an interesting topic for future research to impose a more stringent 
time limit on teamwork. This can have severe detrimental effects on task 
performance (Kelly, Jackson, & Hutson-Comeaux, 1997). This is especially 
interesting in distributed settings, because, according to Walther (2002), the 
associated challenges of distributed teamwork are accentuated when time is, or 
becomes, short. 
 





 
 
 

Chapter 3 
 

On the Passage of Time: Temporal Differences 
in Video-Mediated and Face-to-Face 

Interaction4 
 
 

This chapter examines teamwork over time in video-mediated non-collocated and 
face-to-face same-room teams. In a longitudinal between-groups design, 22 three-
person teams were tested in 4 one-hour test sessions at two-week intervals. For the 
experiment, we designed a paper-folding task that had the potential to induce 
differences in teamwork under different communication environments. Results 
showed that near the end of the experiment, initial differences between 
communication conditions on cooperative task performance in favor of the face-
to-face teams had disappeared. We explain these findings in terms of a 
technological adaptation effect. Technological adaptation occurs when people 
learn how to use the technological tools available despite technological 
limitations, such as restricted bandwidth or low video-image resolution. At the 
same time, however, this finding was not replicated for measures on cohesion, 
member satisfaction and mental effort. Either no differences between conditions 
on those measures were found, or initial differences did not disappear as teams 
gained experience. This chapter concludes with a discussion of the results in terms 
of their implications for natural work teams, the design of video-communication 
technologies, and suggestions for future research. 

 
 

3.1 Introduction 
 
The integration of computers and communication technologies has made new 
forms of teamwork possible, other than traditional face-to-face meetings. 
Electronic communication technologies enable collaboration without regard to 
temporal and spatial limitations. These technologies make collaboration in 
dispersed teams more convenient, less expensive and less time consuming than 
traveling to meet face-to-face (Hollingshead & McGrath, 1995).  

                                                 

4 This chapter is based on Van der Kleij, Paashuis, & Schraagen (2002, 2005). 
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Although electronic communication technologies, such as electronic mail and 
internet chat, have proven their worth to organizations, video-communication 
technologies still appear to offer little more than traditional technologies such as 
the telephone (Whittaker, 2003). However, a number of recent technological 
advancements, such as an increase in bandwidth, combined with reduced costs, 
have made video-communication technologies more attractive as means of 
supporting dispersed work teams. Nonetheless, to be able to develop and market 
video-communication technologies, one must understand the effects that such 
products have on their users. 

In this chapter, we examine the effects of long-term use of a high-realism 
video-communication system on cooperative task performance, cohesion, 
member satisfaction, and mental effort. This research is primarily concerned with 
teams, although we will sometimes draw from the more extensive literature on 
small groups when relevant for the purpose of this research. The remainder of 
this introduction explores prior research on the effects of communication media 
on teamwork, examines how temporal aspects shape interaction in teams, and 
describes the research question addressed in the present study. 
 

3.1.1 Information Richness and Telepresence  
 
Communication media differ in terms of the richness of the information that can 
be transmitted (Daft & Lengel, 1984, 1986). Information richness refers to the 
degree to which the information contains emotional, attitudinal, normative, and 
other meanings beyond the literal cognitive denotations of the symbols to express 
it (McGrath & Hollingshead, 1993). Face-to-face communication is the richest 
form of information processing because it provides immediate feedback. With 
feedback, understanding can be checked and interpretations corrected. In 
addition, face-to-face conversations allow for the simultaneous observations of 
multiple cues, including body language, facial expression, and tone of voice, 
which put across information beyond the spoken message. Audio conversations 
through telephone for example, are less rich than face-to-face. Feedback capacity 
is fast, but visual cues are absent. Group members must rely on language content 
and audio cues to reach an understanding. 

Daft and Lengel (1984, 1986) argue that task performance will be improved 
when task needs, which differ in terms of the degree to which effective 
performance on them requires the transmission of information that is more or less 
rich in its contents, are matched to the communication medium’s richness. For 
routine tasks, which are well understood, media of lower richness, such as 
internet chat, would provide sufficient information. Emotional connotations 
about message and source are not required for routine tasks and are often 
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considered a hindrance. Media capable of transmitting rich information, such as 
video-communication technologies, are better suited to supporting equivocal 
tasks, where there are multiple interpretations for available information.  

In the same manner, the communication medium’s richness is used to refer to 
the apparent distance or “realness” of the communicators at the remote site 
(Short, Williams, & Christie, 1976). A similar but somewhat broader construct is 
telepresence, which is used to refer to the impression of sharing space with the 
participants at the remote site (Böcker & Mühlbach, 1993; Draper, Kaber, & 
Usher, 1998; Mühlbach, Böcker, & Prussog, 1995; Suwita, Böcker, Mühlbach, & 
Runde, 1997). Telepresence has received much attention up until now because 
most designers of technologies intended to mediate communication, consider a 
strong sense of telepresence to be a desirable attribute (Welch, 1999). Herein lies 
the assumption that the more telepresence these technologies bring forth, the 
better the users’ performance on the task for which the device is being used. 
Indeed, some evidence for this assumption comes from Venkatesh and Johnson 
(2002) who found strong support for their hypothesis that higher telepresence 
leads to higher telecommuter motivation and higher sustained use of the system. 
In comparison, communication media that are not capable of transmitting rich 
information increase the group’s task focus at the expense of social interaction 
(Carletta, Anderson, & McEwan, 2000). This could have an impact on 
satisfaction and the development of member relations, such as cohesion. For 
example, Straus (1997) reported a positive effect of social interaction on group 
cohesion, as shown in the amount of nontask communication. Moreover, she 
found that computer-mediated groups developed lower cohesion than did face-to-
face groups.  

As for satisfaction, Straus (1997) found a similar effect such that computer-
mediated groups were less satisfied than were face-to-face groups. This result is 
consistent with Baltes, Dickson, Sherman, Bauer, & LaGanke (2002). With meta-
analysis, Baltes et al. found that computer-mediated groups were less satisfied 
than their face-to-face counterparts were. It appears that the relative lack of social 
context cues in computer-mediated settings leads to frustration and 
dissatisfaction. Mühlbach et al. (1995) found similar results. In their experiment, 
Mühlbach et al. found a positive relationship between telepresence and 
satisfaction. The greater the feeling of being in direct contact with the 
participants at the remote site, the more satisfied the participants were with video 
teleconferencing. According to their line of reasoning, the communication setting 
creating the richest presence experience should lead to the highest degree of 
satisfaction. This seems to underline the importance of mediating the sense of 
presence in the development of innovative communication technologies oriented 
to create a perceptual immersion in remote or virtual environments. 
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3.1.2 Experience with Team, Task, and Communication Medium 
 
Empirical data describing media effects on temporal group processes are rare. 
Most studies done in this area are single-session experiments with groups that 
share no prior experience and expect no future interaction (i.e., ad hoc groups). 
The research on distributed teamwork thus far typically describes distributed 
teams as temporally collaborations executing tasks with a definitive deadline or a 
finite time limit (Saunders & Ahuja, 2006). There are some serious limitations to 
this approach, especially regarding the degree to which it reflects the temporal 
processes of naturally occurring groups (e.g., working professionals in the field) 
as we encounter them in our everyday life (for a comprehensive critique, see 
McGrath, 1991). For instance, ad hoc groups bear no resemblance at all to many 
of the groups we meet in everyday living which have numerous experiences with 
each other and anticipate continued ongoing future interactions with fellow group 
members (Alge, Wiethoff, & Klein, 2003).  

Reasons for this failure to deal with temporal issues in past group research can 
be attributed to methodological and practical difficulties. Empirical research of 
groups over time is difficult and requires considerable financial resources to 
carry out (McGrath & Hollingshead, 1993; McGrath, Arrow, Gruenfeld, 
Hollingshead, & O’Conner, 1993). In addition, longitudinal studies using 
experimentally created groups are contingent on having regular attendance by the 
same people for a long period. Problems are even more acute for longitudinal 
studies using natural groups. Natural groups are prone to considerable fluctuation 
in membership and attendance over time, making it even more difficult to 
examine the effects of communication media on temporal group processes. 

The few studies that have examined the manifestations of temporal 
differences in face-to-face and mediated groups suggest that temporal aspects can 
have a large impact on group task performance, user reactions, and member 
relations (Alge, et al., 2003; Hollingshead, McGrath, & O’Connor, 1993; 
McGrath & Hollingshead, 1993; McGrath et al., 1993; Van der Kleij, Paashuis, 
Langefeld, & Schraagen, 2004; Van der Velden, 1995; Wheelan, Davidson, & 
Tilin, 2003). Hollingshead et al. (1993) found an adaptation effect in groups that 
were working together at remote sites5. Hollingshead and her coworkers 
compared groups working face-to-face in the same room with groups working 
together using an electronic message board on various tasks and under various 

                                                 

5 Participants were in fact in the same room, but computer terminals faced either a wall or 
a partition separating the room. Participants communicated to other group members 
through the computer network and were not allowed to talk during the experiment. 
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sets of operating conditions. The groups met in workshops once a week over a 
period of 14 weeks. At the beginning of the work group meetings, group task 
performance and satisfaction for the computer-mediated groups was lower than 
for the traditional face-to-face groups. The difference between groups on 
satisfaction with group performance did not lesson over time. However, within a 
period of three weeks there were no significant differences in task performance 
between both communication environments. This result suggests that the 
newness of the medium led to poorer task performance as opposed to the inherent 
information richness. 

Chidambaram, Bostrom, and Wynne (1991) found similar adaptation effects 
for computer-supported groups working on decision-making tasks. Chidambaram 
et al. (1991) examined the behavior of face-to-face same-room groups using a 
group decision support system across four sessions. The computer-supported 
groups used three separate tools to generate, review, and evaluate decision 
alternatives, respectively. Manual groups (i.e., groups that were not computer 
supported) used flip charts for recording and reviewing alternatives, and for 
voting. Their results showed significant differences over time between computer-
supported groups and groups that were not supported, in terms of conflict 
management and the degree of cohesion. After adapting to the group decision 
support system, computer-supported groups displayed more productive conflict 
management (i.e., the ability to manage conflict as measured on a post-session 
questionnaire), and higher group cohesion than conditions that were not 
supported.  

More recently, Van der Kleij et al. (2004) studied the effects of long-term use 
of video-mediated technologies on the conversational process (see also chapter 2 
of this dissertation). In a longitudinal between-groups experiment, three-person 
teams had to work on a rather simple decision-making task in four test sessions at 
two-week intervals. In each session, teams had to select and argue the correct 
answer out of three alternatives for ten questions. Results showed that, compared 
to face-to-face teams, video-mediated teams took more time for turns, required 
fewer turns to complete the task and interrupted each other less. At the end of the 
fourth test session, initial differences between communication conditions on all 
these measures had disappeared, suggesting an adaptation effect.  

Also interestingly was their finding that over time teams needed less 
conversation to complete the task. For both communication conditions, the 
overall number of turns decreased as teams gained experience, and the overall 
duration of pauses increased. Team members appeared to develop shared 
knowledge about the task, roles, responsibilities, and informational needs of their 
team members. Consequently, team members were able to anticipate each other’s 
information needs and provide relevant information before being asked to do so. 
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Wheelan et al. (2003) investigated the relationship between length of time that 
natural work conditions had been meeting at their work sites and the verbal 
behavior patterns and perceptions of group members about their conditions. 
Wheelan et al. found significant relationships between the lengths of time that 
conditions had been meeting and the perceptions of group members. More 
specific, members of older conditions perceived their conditions to be more 
productive. In addition, the longer that a group had been meeting, the more 
verbal statements were made that represented goal-directed activities and task-
oriented efforts. 

Alge et al. (2003) found that media differences existed on both brainstorming 
and negotiation tasks for teams lacking past experiences with each other, with 
face-to-face teams exhibiting higher perceived communication openness and 
trust, and explicit information sharing (i.e., the number of unique pieces of shared 
task information) than computer-mediated teams. However, computer-mediated 
teams that did have numerous experiences with each other (e.g., project teams 
nearing the completion of a project) were able to eliminate these differences.  

In line with the results described above, we predict that an increase in 
experience with the task, the team, and the video-communication equipment will 
have a positive effect on all aspects of teamwork. Moreover, we predict that the 
differences in information richness between our communication environments 
will result in increased task focus at the expense of social interaction for video-
mediated teams. Consequently, we expect participant perceptions of cohesion 
and satisfaction to be higher for face-to-face teams than for video-mediated 
teams. Further, we expect that, compared to video-mediated communication, 
face-to-face communication will lead to better task performance and lower 
mental effort. However, we also expect that in time video-mediated teams learn 
how to deal with the limitations of their communication condition, a situation 
that Qureshi and Vogel (2001) describe as technological adaptation (see also 
Dourish, Adler, Bellotti, & Henderson, 1996; Olson & Olson, 2000; and Van der 
Kleij et al., 2004). As a result, we expect that over time initial differences 
between face-to-face and video-mediated conditions on all measures will cease to 
exist due to technological adaptation, disproving the media richness model.  
 

3.2 Method 
 

3.2.1 Participants 
 
Sixty-six people participated in the experiment that was carried out in the Human 
Factors lab of the Netherlands Organisation for Applied Scientific Research 
(TNO). Most participants were students and their age ranged from 18 to 32 years. 
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Of those participants, 36 were women and 30 were men. We tested 22 teams four 
times, 11 teams in the face-to-face (control) condition and 11 teams in the video-
mediated (experimental) condition. In the face-to-face condition, 6 teams 
consisted of 2 men and 1 woman and 5 teams consisted of 2 women and 1 man. 
In the video-mediated condition, 4 teams of 2 men and 1 woman and 5 teams of 2 
women and 1 man participated. In the video-mediated condition, 2 teams 
consisted of 3 women6.  

We matched participants in both conditions on two characteristics to equate 
conditions. First, we made sure that none of the team members knew each other 
prior to the experiment and second we tried to maximize the number of mixed 
gender teams. Random allocation to experimental conditions took place on all 
other participant characteristics to ensure the formation of equivalent conditions. 
For taking part in the experiment, each participant was paid €40 per test session. 
The total amount for participating in all test sessions was €160, which we paid to 
the participants after the fourth test session. 
 

3.2.2 Equipment 
 
3.2.2.1 Face-to-face setting  
Participants in the face-to-face teams were placed in the same room around a 
round table. The table had a diameter of 180 cm. A video camera was set up in 
one upper corner of the room for recording purposes. The video output was 
channeled through coaxial cable to a Panasonic AG 8700 VHS video recorder. 
During task performance participants wore Shure unidirectional microphone 
headsets, model SM10A. The audio output from these headsets was also fed 
through coaxial cable to the experimenter room. In the experimenter room, the 
audio output from separate tracks went to an audio mixer where all three voices 
were laid down on the audio track of the videocassette. The face-to-face setting is 
depicted in Figure 3.1. 
 

                                                 

6 The participants in this study were the same as those who participated in the experiment 
reported in chapter 2. Half of the teams performed the task reported in chapter 2 first, and 
the task reported in this chapter second; the other half of the teams performed these tasks 
in the reverse order. Because no effects of task-order on relevant dependent measures 
were found, these two studies are treated as independent.  
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Figure 3.1. Face-to-face setting. Participants in the face-to-face condition were placed in 
the same room around a round table. The team members each received unique task 
instructions. Collaborating with both other team members was required for each 
participant to complete the task. 
 
3.2.2.2 Video-mediated setting  
Participants in the video-mediated setting were located in different rooms. Each 
member was seated in a room at a table, which was shaped as one-half of an oval. 
The table was 180 cm wide. In front of the participants was a large rear 
projection screen of 146 cm × 86 cm. This screen was contained in an aluminum 
frame, which added 3 cm to the total size of the screen in each direction. Figure 
3.2 depicts the video-mediated setting.  

Behind each participant in the video-mediated teams, blue partitions were 
placed to create a uniform background. All participants in these teams wore 
Shure unidirectional microphone headsets, model SM10A, that recorded the 
audio communication. In the video-mediated setting, the sound was amplified 
and transmitted to the other two rooms so the participants could communicate 
with each other. Two Panasonic WV-gp150E cameras filmed the participants in 
the video-mediated teams. Two cameras were situated on both sides of the screen 
and were used for the transmission of images to the other rooms. The cameras 
were positioned on the sides of the screen to create an isotropic condition 
enabling selective gaze (i.e., gaze direction could be determined by the position 
of the head of the speaker). However, because the cameras were positioned at the 
sides of the screen no eye contact could be established between participants. The 
images recorded by the video cameras of both other participants were projected 
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on the rear projection screen by two Hitachi XGA cp x970 projectors. Figure 3.3 
depicts a schematic representation of the video-mediated setting. 
 

 
Figure 3.2. Video-mediated setting. Participants in the video-mediated teams were 
located in different rooms. All participants saw the same split screen, which allowed 
them to communicate with both other participants. Speech was amplified and transmitted 
to the other two rooms so the participants could communicate with each other. 
 

 
Figure 3.3. Schematic representation of the experimental set-up. 
 
A third camera was located on top of the screen and was used to monitor 
progress on the experimental task. In both conditions, a Panasonic VN 484p 
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intercom system was used to inform the participants when to start and stop 
working on the task. 
 

3.2.3 Task  
 
For the experiment, we required a team task in which a rich communication 
environment was essential to performing the task well. To our knowledge, no 
existing task that met this criterion was available at the time we conducted the 
study. Consequently, it was necessary to develop a new task specifically for the 
present study. The result is a complex object-centric team task in which the goal 
was for each team member to fold as quickly and precisely as possible two 
Japanese origami figures. On these properties, our task bears a resemblance to 
Moreland’s (1999) radio-assembly task, in which group members work together 
to assembly a radio with materials from a radio kit. Moreland used this task to 
investigate the role of shared knowledge about the skills and knowledge of each 
group member on task performance. Our task is different from Moreland’s task 
in that team members each received unique instructions about the same figures, 
which made them interdependent for the completion of the task. One participant 
received the written instructions, one team member had the pictures that go with 
the written instructions, and one team member held the basic origami folding 
symbols and techniques. Collaborating with both other team members was 
required for each participant to complete the two figures.  

Eight origami figures were divided at random over the four versions of the 
task. We randomized the order of versions over test sessions for each team. 
Furthermore, participants changed role, place at the (virtual) table, and 
instructions in consecutive test sessions. The teams had 30 minutes to perform 
the task. 

We gave additional instructions to the participants in the face-to-face teams. 
We instructed those teams not to touch the work and instructions of the other 
team members. This was done to make sure that the task was performed under 
similar conditions as in the video-mediated condition. 
 

3.2.4 Experimental Design 
 
3.2.4.1 Independent variables  
In a longitudinal between-groups design, 22 three-person teams were tested in 4 
one-hour test sessions at two-week intervals. In the face-to-face condition we 
started out with 13 teams and in the video-mediated condition there were 16 
teams at test session one. At the end of test session four, 11 teams remained in 
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both communication conditions. The results described in this chapter are based 
on these 22 teams.  

The experimental video-mediated condition differed from the face-to-face 
condition on four aspects. First, although an isotropic condition was created 
enabling selective gaze (i.e., gaze direction could be determined by the position 
of the head of the speaker), no eye contact could be established between 
interlocutors. It is a known fact that this could result in difficulties with turn-
taking behavior and securing other people’s attention (O’Conaill, Whittaker, & 
Wilbur, 1993; Sellen, 1995; Whittaker & O’Conaill, 1997). Second, participants 
in the video-mediated teams did not share the same physical space while 
teleconferencing. This means that, for example, speakers have no sense of how 
the other interlocutors perceive their voices (Sellen, 1995). Third, the image 
resolution of the participants perceived in the video-mediated condition is much 
lower compared to the face-to-face situation. The number of pixels with which an 
interlocutor can be represented in the video-mediated setting is finite. This makes 
it perhaps more difficult to perceive details and to recognize facial expressions. 
Fourth, participants in the video-mediated situation perceive other participants 
and objects as two-dimensional images. This could have an impact on tasks that 
require manipulation of objects in space, such as our origami task. To maintain as 
much control as possible, audio distortions, such as noise, and reverberation, 
were kept to a minimum. Further, because there was no processing required for 
coding and decoding of the audio and video signals, no unwanted round-trip 
delays and delays between audio and video were introduced.  
 
3.2.4.2 Dependent variables  
Two categories of dependent variables were measured to adequately address the 
research question (as described in § 3.1.2): (a) objective measures of the 
outcomes (i.e., task performance), and (b) individual perceptions of member 
relations and the process through which the team produced their outcomes (i.e., 
questionnaires on cohesion, member satisfaction, and a rating scale on mental 
effort). Individual perceptions of the process are of importance because these 
measures offer additional insights to explain differences in outcomes, and means 
for assessing the effect of communication condition and experience. For 
example, people may adapt to increasing task demands by exerting additional 
effort to maintain an acceptable level of performance. The level of task 
performance, therefore, only provides valuable information when at the same 
time techniques are used to index the invested effort. Both categories of 
dependent variables are discussed in the following subsections.  

3.2.4.2.1 Task performance. Scores on the origami task were made dependent 
on two dimensions, namely completeness and precision. A maximum of 20 
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points could be obtained for each figure. Ten points for the completeness and 10 
points for the precision. The maximum score is thus 40 points for this task per 
person per session and 120 points for a team. The score for completeness was 
determined on a 10-point scale by dividing 10 by the total number of steps 
needed to complete the figure, times the steps that were actually completed. The 
precision was determined based on the neatness of the folded figures. For both 
scores the level of agreement between two judges was calculated. We found that 
judges reached a good level of agreement on both scores (93% for completeness 
and 95% for precision). Differences in task performance between both conditions 
as well as differences in performance over time were tested.  

3.2.4.2.2 Subjective measures. Questionnaires on cohesion, member 
satisfaction, and a rating scale on mental effort were administered at the end of 
each test session after completion of the task. All questionnaires and the rating 
scale were pretested and found to be reliable, simple to administer, and to take 
little time for participants to complete. The questionnaires and the rating scale are 
discussed in more detail below.  

Cohesion can be described as the extent to which the group members are 
attracted to the group and each other (Chidambaram et al., 1991; Hogg, 1992). 
Groups characterized by greater interpersonal attraction communicate better and 
more, and are less inhibited (Brown, 2000). Cohesion also appears to have a 
modest positive effect on task performance. For instance, Mullen and Copper 
(1994) observed with meta-analysis including 49 studies a positive correlation 
between cohesion and performance (averaging around 0.25).  

We measured cohesion by a post-session questionnaire (i.e., the questionnaire 
was given to the participants once at the end of each test session) on which 
ratings could be given on seven-point Likert scales, in which a score of 1 
corresponds to the most negative response to a statement and a score of 7 
corresponds to the most positive response to a statement (10 items, Cronbach’s α 
= .96). The questionnaire was an adapted version from the cohesion 
questionnaire from Dennis (1996). The questionnaire was translated into Dutch 
and extended to relate more to our setting and participants. 

Satisfaction was also measured by a post-session questionnaire. The 
questionnaire contains five questions on which ratings could also be given on 
seven-point Likert scales (5 items, Cronbach’s α = .95). This questionnaire was 
an adapted version of the satisfaction questionnaire from Dennis (1996) and 
includes scales that refer both to satisfaction with the group outcome and the 
discussion process. Process satisfaction refers to contentment with the 
interactions that occur while team members are devising decisions. Outcome 
satisfaction encompasses approval of the final team decision (Thompson & 
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Coovert, 2003). The questionnaire was also translated into Dutch and extended to 
relate more to our setting and participants. 

To evaluate mental effort the Rating Scale Mental Effort (RSME) was 
administered once per test session directly after completion of the task. 
O’Donnell and Eggemeier (1986) define mental effort as the ratio between the 
task demands and the capacity of the operator working on the task. Mental 
workload is high when the difference between task demands and capacity is 
small7. The RSME, originally developed by Zijlstra in 1993, is a one-dimensional 
scale with ratings between 0 and 150. The scale has nine descriptive indicators 
along its axis (e.g., 12 corresponds to not effortful, 58 to rather effortful, and 113 
to extremely effortful). It is designed to minimize individual differences. We 
selected the RSME because it is simple to administer, is not intrusive, and at the 
same time it provides a good indication of the total mental workload (Veltman & 
Gaillard, 1996).  

Comparative evaluations of subjective scales conducted in a wide range of 
tasks showed little advantage for the multidimensional scales (see Wierwille & 
Eggemeier, 1993). For example, it was shown that subjective workload 
assessment techniques gain little from complex assessment and analysis methods 
such as those used in the multidimensional Subjective Workload Assessment 
Technique (SWAT) (Verwey &Veltman, 1996) and in the NASA Task Load 
Index (TLX) (Veltman & Gaillard, 1993). A simple one-dimensional rating scale 
appears sufficient for assessing subjective workload. It appears that people find it 
more difficult to rate mental effort on multidimensional scales, than on one-
dimensional scales such as the RSME. Veltman and Gaillard argue that people 
make an overall estimation of mental workload and find it difficult to make a 
clear distinction between the different sources of workload. 
 

3.2.5 Procedure and Instructions 
 
At the start of each test session, participants received a general instruction about 
the experiment. We told participants that the experiment examined interaction in 
teams. After all participants had read the general instructions, we gave them task-
specific instructions. After clarifying the instructions and answering possible 
questions about the task, the experimenter left the room and told the teams to 

                                                 

7 It is interesting to note that workload cannot be regarded as a static concept. In an 
attempt to cope with the task demands, people adapt by changing their strategies, 
delaying low priority tasks, and by lowering performance criteria (Veltman & Gaillard, 
1996). 
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start working through the intercom. When time was up, the experimenter entered 
the room again and collected the task materials. The team members then had to 
complete the RSME and the questionnaires on both satisfaction and cohesion.  

The video-mediated team members were seated in separate rooms. To 
maintain as much control as possible, we did not allow participants to leave their 
rooms during the experiment to prevent them from getting to know the other 
team members outside the test situation. For the same reason, upon arrival, we 
picked up the participants one at a time. At the end of the test session, we 
escorted the participants one at a time at intervals to the main exit of our lab 
facilities. Furthermore, we asked our participants not to discuss the experiment 
during unforeseen encounters with members of their own and other teams. One 
test session took about one hour in total for both conditions. 
 

3.3 Results 
 
An analysis of variance (ANOVA) for repeated measures designs was carried out 
on all variables. It should be noted that at the end our experiment 22 three-person 
teams remained, 11 in each communication setting. All analyses are at the team 
level and are based on these remaining 22 teams. This means that the analyses 
presented in this chapter have quite low statistical power to detect effects, a 
limitation inherent in team research. An alpha level of .10 was therefore adopted 
for all subsequent analyses. Table 3.1 summarizes the means and standard 
deviations for the dependent variables across conditions. 
 

3.3.1 Task Performance 
 
The analysis revealed a significant main effect of communication conditions on 
task performance, F (1, 20) = 6.34, p = .020. The face-to-face teams performed 
significantly better (M = 26.22; SD = 5.34) than the video-mediated teams (M = 
22.25; SD = 5.84). Post hoc analysis revealed that a significant difference 
between conditions in the first test session caused this effect, F (1, 20) = 9.32, p < 
.01. In test session 1, face-to-face teams performed significantly better (M = 
24.21; SD = 5.38) than video mediated teams (M = 16.48; SD = 5.02). No 
significant differences between conditions were found on consecutive test 
sessions. Moreover, the analysis revealed a significant main effect of test 
sessions on task performance, F (3, 60) = 5.84, p < .01. Overall task performance 
increased as teams gained experience. Additional analysis revealed that this 
effect was mainly due to the video-mediated teams, F (3, 30) = 5.98, p < .01. 
Significant linear, F (1, 20) = 12.17, p < .01, and significant quadratic , F (1, 20) 
= 3.49, p = .077, trends characterized this increase. Furthermore, an interaction 
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was found between conditions and test sessions, F (3, 60) = 2.48, p = .069. Thus, 
while face-to-face teams remained constant in their performance over time, 
video-mediated teams got better at a decreasing rate as they gained experience. In 
short, these results provide support for our hypotheses that, compared to video-
mediated communication, face-to-face communication leads to better task 
performance and video-mediated teams adapt to the newness and limitations of 
their communication setting.  
 

3.3.2 Cohesion 
 
No significant main effect of conditions was found for cohesion, F (1, 20) = 2.64, 
ns. In other words, no significant differences were found on cohesion between 
face-to-face (M = 5.68; SD = .70) and video-mediated teams (M = 5.35; SD = 
.78). Furthermore, no significant main effect of test sessions was found on 
cohesion, F (3, 60) = .47, ns. Likewise, no interaction effect was found between 
conditions and test sessions, F (3, 60) = 1.16, ns. 
 

3.3.3 Member Satisfaction 
 
No significant differences in satisfaction were found between face-to-face (M = 
5.09 ; SD = .73) and video-mediated teams (M = 4.78; SD = .81), F (1, 20) = 
1.47, ns. The analysis did reveal a significant main effect of test sessions on 
perceived satisfaction, F (3, 60) = 6.21, p < .01. This implies that satisfaction on 
this task increased as teams gained experience. Significant linear, F (1, 20) = 
9.47, p < .01, and significant quadratic, F (1, 20) = 5.92, p = .024, trends 
characterized this increase. Thus, satisfaction increased at a decreasing rate as 
teams gained experience with fellow team members and task. Additional 
examination of our data revealed significant correlations between task 
performance and satisfaction in all test sessions (correlations ranging between .25 
and .69). No significant interaction was found, however, between both conditions 
and the test sessions, F (3, 60) = .43, ns. Overall, these results were not consistent 
with our expectations. Although satisfaction did increase over time, no evidence 
was found for initial differences between both conditions. 
 

3.3.4 Mental Effort 
 
The analysis revealed a significant effect of conditions on the RSME, F (1, 20) = 
3.88, p = .072. That is, face-to-face teams (M = 56.58; SD = 17.89) reported 
higher levels of mental effort than did video-mediated teams (M = 45.09; SD = 
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21.02). No significant main effect was found for test sessions, F (3, 60) = 2.15, 
ns.  
 
Table 3.1. Cell means and standard deviations as function of communication condition 
(face-to-face [FTF] vs. video teleconferencing [VTC]) and test session (N = 22).  

 Test session   
Dependent variable 1 2 3 4 Row 
Task performance a      

FTF 24.21 
(5.38) 

26.24 
(6.71) 

27.82 
(5.37) 

26.61 
(3.88) 

26.22 
(5.34) 

VTC 16.48 
(5.02) 

25.58 
(4.12) 

21.79 
(8.50) 

25.15 
(5.92) 

22.25 
(5.89) 

Column 20.35 
(6.43) 

25.91 
(5.44) 

24.80 
(7.59) 

25.88 
(4.94) 

24.24 
(6.10) 

Satisfaction b      
FTF 4.65 

(.68) 
5.02 
(.87) 

5.36 
(.51) 

5.34 
(.86) 

5.09 
(.73) 

VTC 4.29 
(.89) 

4.94 
(.79) 

4.88 
(.78) 

5.01 
(.94) 

4.78 
(.85) 

Column 4.47 
(.79) 

4.98 
(.81) 

5.12 
(.69) 

5.18 
(.89) 

4.94 
(.80) 

Cohesion b      
FTF 5.62 

(.69) 
5.70 
(.66) 

5.66 
(.78) 

5.74 
(.69) 

5.68 
(.70) 

VTC 5.46 
(.73) 

5.38 
(.69) 

5.24 
(.82) 

5.30 
(.88) 

5.35 
(.78) 

Column 5.54 
(.71) 

5.54 
(.69) 

5.45 
(.82) 

5.52 
(.81) 

5.52 
(.74) 

Mental effort c      
FTF 58.57 

(21.60) 
57.76 

(16.60) 
55.95 

(16.10) 
54.05 

(17.25) 
56.58 

(17.89) 
VTC 48.86 

(24.04) 
45.54 

(20.48) 
42.24 

(20.50) 
42.71 

(22.26) 
45.09 

(21.82) 
Column 54.21 

(23.00) 
51.65 

(19.42) 
49.10 

(19.48) 
48.38 

(20.49) 
50.84 

(19.86) 
Note. Values enclosed in parentheses represent standard deviations.  
a The values represent mean scores for the origami task for each participant. The 
maximum score is 40. 
b The values represent mean scores on seven-point Likert scales. 
c The values represent mean scores on a one-dimensional scale with ratings between 0 
and 150. The scale has nine descriptive indicators along its axis (e.g., 12 corresponds to 
not effortful, 58 to rather effortful, and 113 to extremely effortful). 
 
Further, no significant interaction effect was found for conditions and test 
sessions, F (3, 60) = .32, ns. It was found that the amount of mental effort 
expenditure was higher for face-to-face than for video-mediated teams. These 



On the Passage of Time 
 

73 

results were opposite to our expectations. In addition, the initial differences 
between both conditions did not disappear, as we expected, and perceived mental 
effort did not decline over time. 
 

3.4 Discussion 
 
In this chapter, we examined the effects of long-term usage of video-
communication technologies on cooperative task performance, cohesion, member 
satisfaction, and mental effort. In a longitudinal between-groups design, three-
person video-mediated non-collocated teams were compared to face-to-face 
same-room teams in 4 one-hour test sessions at two-week intervals. Below, we 
will discuss the results and the limitations of our research, and draw implications 
for future research and for the design of video-communication technologies. 
 

3.4.1 Effects of Experience and Communication Environment 
 
Consistent with our expectations, we found a technological adaptation effect. 
Results showed that after the first test session significant differences had 
disappeared between conditions on task performance in favor of the face-to-face 
teams. While face-to-face teams remained constant in their performance over 
time, video-mediated teams got better as they gained experience. It seems that as 
the dispersed work teams gained experience, team members compensated for the 
technological limitations of the communication medium, such as the inability to 
establish eye contact. This result suggests that the newness of the medium led to 
poorer task performance as opposed to the inherent information richness 
differences between communication conditions.  

This result concurs with adaptive response models, which stress response to 
environmental opportunities and constraints as a guiding force in group change 
(Arrow, Poole, Henry, Wheelan, & Moreland, 2004; McGrath, 1991). These 
theories assume that there exists no single best path to match task and contextual 
demands, but assume that adaptation of temporal patterns to these changing 
demands is essential to effective group performance (Poole & DeSanctis, 1990). 
The path chosen depends on task features or environmental constraints, such as 
time pressure or limitations in the communication setting in which virtual teams 
have to collaborate. 

This finding has an important implication for the design of video-
communication technologies. It means that designers of these technologies could 
run the risk of devoting time, effort and financial resources to the development of 
innovative solutions to non-problems: problems that diminish in time as people 
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learn effective practices to adopt to the technologies available to them (see also 
Dourish et al., 1996; Van der Kleij et al., 2004).  

There is an important lesson to be learned for practice as well. These findings 
can be used to help project teams make informed decisions on when and whether 
to engage in distributed collaboration. The present study shows us that despite 
the obvious benefits associated with mediated communication, such as reductions 
in travel time, communication media should be chosen with caution. For teams 
that share no prior experience and expect no future interaction, sometimes called 
ad hoc teams, a distributed setting may not be the most suitable communication 
environment. These teams should consider working together face-to-face. In 
comparison, for teams that meet on a regular basis, the benefits associated with 
distributed collaboration in all likelihood outweigh the limitations of the 
communication medium. These teams should consider, however, having at least 
one informal mediated meeting to familiarize themselves with the 
communication medium prior to their work as a virtual team on the actual topic 
that makes up the reason for their existence.  

A remarkable result was that for cohesion no significant difference was found 
between communication conditions. Nor was there any effect found over time. 
We predicted differences in information richness between our communication 
environments to result in increased task focus at the expense of social interaction 
for video-mediated teams. As a result, we expected participant perceptions of 
cohesion to be higher for face-to-face than for video-mediated teams. The limited 
time we allowed for our teams to develop could be seen as a possible explanation 
for the absence of cohesion effects in our experiment. Perhaps it takes natural 
work teams weeks or even months to develop cohesion between team members. 
Some evidence in favor of this explanation comes from Walther and Burgoon 
(1992) who found that it took members of computer-mediated groups several 
weeks before subjective ratings on trust and social orientation, both of which 
constitute an important part of cohesion, became more positive. 

Although we did find that member satisfaction increased over time, as was 
expected, we found no significant differences in satisfaction between conditions. 
That we did not find differences in satisfaction between conditions was 
unexpected, because several other studies reported a positive relationship 
between telepresence and satisfaction. For example, both Straus (1997) and 
Baltes et al. (2002) found that computer-mediated groups were less satisfied than 
were face-to-face groups. An explanation, for which we found strong support in 
the interviews with participants at the end of the study, is that the novel high-
realism communication environment and the perceptual immersion that was 
created led to a greater enthusiasm, as compared to the face-to-face setting. This 
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enthusiasm could have compensated for initial frustration and dissatisfaction 
associated with the communication limitations in this setting (Baltes et al., 2002).  

Satisfaction increased over time for both conditions meaning that this effect 
is, in all likelihood, due to increased experience of a team as a team and with the 
task rather than the result of greater experience with the communication medium. 
Experience of a team as a team tends to reduce the degree of interdependence and 
the level of coordination and information exchanges that are required in 
dispersed work groups. Moreover, increased experience with a given class of 
tasks will make collaborating on those tasks easier in the sense that procedures 
for doing them can become more of a routine. This again will tend to reduce the 
degree of coordination required and the richness of information that must be 
exchanged (McGrath et al., 1993). 

Our hypothesis that the amount of effort expenditure was greater for video-
mediated teams than for face-to-face teams due to difficulties these teams 
experience in, for example, the regulating of conversation, was not supported. 
Surprisingly, the results showed an opposite effect. It seems that proximity has 
detrimental effects on mental effort. Research on the effects of the presence of 
others suggests that when people are in the presence of an audience, coworkers, 
or others doing unrelated tasks, their interaction patterns change. The presence of 
others seems to increase a person’s concern with what the others think him or her 
and increase involvement with the group and the group’s activity. For example, 
Hoeksema-Van Orden (2000) demonstrated that the mere presence of others 
increases attentional demands resulting in better group task performance on 
simple tasks.  

Proximity has also been found to increase the social impact of others, such as 
obeying a high-ranking person’s request or expend effort for the benefit of the 
group. In addition, when group members are proximate, free riding (i.e. letting 
others do the work) is reduced to a minimum. Team members in the video-
mediated teams perceived their fellow team members as more distant and less 
“real.” This could have led to lower attentional demands as compared to the face-
to-face teams. Participants in the video-mediated condition made some insightful 
comments on this matter. Some participants stated that because their team did not 
shared the same physical location it was easier for them to distance themselves 
from discussions and dodge their responsibilities, a negative condition that is 
described in social psychological literature as social loafing (Harkins, Latané, & 
Williams, 1980).  

However, the results for cooperative task performance suggest an alternative 
explanation. Social loafing would heave resulted in lower task performance for 
video-mediated teams. This was in fact not the case. In sessions two, three and 
four, no differences were observed between video-mediated and face-to-face 
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teams. As was aforementioned, this was accomplished with less mental effort. 
Thus, it is well imaginable that participants in the video-mediated teams were 
less distracted during task performance due to the factual absence of others, 
making the task less mentally effortful to these participants.  

Thus, it appears that the apparent distance or realness of the other team 
members has an impact on users’ behavior within mediated environments. 
Although the manner in which these differences are brought about is not entirely 
clear, this notion has implications for actual work situations involving some sort 
of mediated communication between team members. In situations in which team 
members are working on rather simple tasks, there is a real chance that they “free 
ride” on the other team members’ efforts.  

In these situations, it is important to implement countermeasures to reduce 
social loafing. For example, adding an individual element to the task situation or 
providing public feedback on all members’ individual performance on the task 
helps to avoid social loafing (Hoeksema-Van Orden, 2000). On the other hand, as 
we have discussed, there is a good chance that geographical dispersion of team 
members is beneficial to the collaboration, because team members are less 
distracted during task performance. Clearly, further research needs to be done, 
investigating the relationship between telepresence and mental effort in mediated 
teams. 

In sum, the present results indicate that temporal aspects can have a 
substantial impact on teamwork. It seems that as dispersed teams gain 
experience, initial constraints due to technological limitations of the 
communication medium are compensated for. At the same time, however, this 
finding was not replicated for measures on cohesion, member satisfaction and 
mental effort. Either no differences between conditions on those measures were 
found, or initial differences did not disappear as teams gained experience.  
 

3.4.2 Limitations and Concluding Remarks 
 
Several limitations have to be taken into account in generalizing our findings to 
other settings and populations. For example, our tested teams consisted of no 
more than three participants. For larger conditions (i.e., more than three 
members) the regulation of conversational behavior and the need for coordination 
becomes more important. For example, Suwita et al. (1997) found that an 
increase in the number of participants in a video-conferencing setting had an 
effect on the regulation of nonverbal behavior. Results of this experiment showed 
that with four interlocutors, there was more uncertainty as to who was being 
addressed, more uncertainty in terms of who was listening, and more observed 
difficulties in turn taking than with two participants. 
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Another limitation of this research is inherent to all lab studies using 
longitudinal designs. Experimental control is more difficult to maintain, as 
participant interactions cannot be monitored outside the lab setting 
(Chidambaram et al., 1991). To maintain as much control as possible, we did not 
allow participants to leave their rooms during the experiment to prevent them 
from getting to know the other team members outside the test situation. For the 
same reason we picked up the participants separately upon their arrival and 
escorted them one at a time to the main exit of our lab facilities at the end of each 
test session. Furthermore, we asked our participants not to discuss the experiment 
during possible encounters with members of their own and other teams.  

To be able to investigate the effects of long-term use of video-communication 
technologies on cooperative task performance, cohesion, satisfaction, and mental 
effort, we tested teams at four test sessions of about one hour each. However, 
natural conditions take, in all likelihood, longer to develop. Our assumption that 
four sessions would be sufficient to research the effects of long-term use was 
derived from the literature. Both Chidambaram and coworkers (1991) and 
Hollingshead and coworkers (1993) found adaptation effects within a period of 
four test sessions. Still, the results of this research may not generalize to natural 
conditions that exist over a longer period.  

Natural occurring teams show some variation in task, communication settings, 
and exhibit considerable fluctuations in membership and attendance from time to 
time (McGrath et al., 1993). The studies that have focused on experience with 
communication medium, task, and membership, including this research, have all 
but a few dealt with teams of stable composition and structure, working on one 
task, in the same communication setting over a given length of time. It would be 
an interesting topic for future research, therefore, to examine the effects of 
variation in task, communication settings, membership, and attendance over time. 
Likewise, we should keep in mind that longitudinal investigations are needed to 
explore the overall effects that video-communication technologies have on their 
users. In fact, to paraphrase Wheelan et al. (2003), considering what we know so 
far, it seems reasonable to adopt a longitudinal approach in all team research.  
 





 
 
 

Chapter 4 
 

Effects of Time Pressure and Communication 
Environment on Team Processes and 

Outcomes in Dyadic Planning8 
 
 

An experiment compared dyadic performance in a radio communication and a 
more sophisticated communication environment to face-to-face meetings. Thirty-
six dyads, working under low or high time-pressure, had to combine information 
and to produce a written plan. Teams working in the sophisticated communication 
environment collaborated over a networked computer system allowing them to 
share applications, work in parallel, and exchange in real time audio as well as 
video. Results revealed detrimental effects of time pressure on both team 
processes and outcomes, and supported our hypothesis that distributed teams can 
perform as well as face-to-face teams. No differences were found between face-to-
face teams and teams working in the sophisticated communication environment on 
process and outcome measures, except for the quantity of performance: The 
sophisticated communication environment enabled teams to work on the task more 
rapidly than their face-to-face counterparts. Radio teams produced plans of lower 
quality and were less satisfied with the quality of their planning process than face-
to-face teams. Implications for practice and future research are discussed. 

 
 

4.1 Introduction 
 
The integration of computers and communication technologies has increased the 
possibilities for distributed collaboration both within and across organizations. 
The combination of telecommunications, information technologies, and increases 
in bandwidth allow for the digital transmission of text, audio, and (streaming) 
images, thus facilitating collaborative work such as communication, 
coordination, decision making, and the sharing of information across time and 
space. In fact, these specialized capabilities and tools, often labeled as groupware 
                                                 

8 This chapter is based on Van der Kleij, Rasker, Lijkwan, & De Dreu (2006); and Van 
der Kleij, Lijkwan, Rasker, & De Dreu (2007). 
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(Ellis, Gibbs, & Rein, 1991; Hinssen, 1998), assist groups in communicating and 
in coordinating their activities, and make collaboration between distributed team 
members more convenient and less time consuming than traveling to meet face-
to-face (Hollingshead & McGrath, 1995). In addition, groupware has other 
indisputable benefits. For example, groupware allows teams and groups to 
include more than one colleague in discussions at the same time while 
encouraging input, even from relatively low-status individuals (Kiesler & 
Cummings, 2002). Moreover, with the use of text-based groupware such as 
internet chat, these facilities allow teams to maintain a record of their 
communication (Thompson & Coovert, 2006).  

Notwithstanding the potential benefits of groupware, the increased reliance on 
distributed teamwork raises questions about the possible negative effects of 
geographical dispersion on communication processes and team performance. 
Possible negative effects are  

• difficulties in communicating information (Driskell, Radtke, & Salas, 
2003; Lea & Spears, 1991; Priest, Stagl, Klein, & Salas, 2006; Siegel, 
Dubrovsky, Kiesler, & McGuire, 1986; Straus, 1997),  

• lack of awareness of other team members’ accomplishments, or  
• failure to develop effective interpersonal relationships (Thompson & 

Coovert, 2006).  
These putatively detrimental aspects of geographical dispersion are often invoked 
to justify reluctance “to go virtual”, even though for some tasks, and under some 
conditions, groupware may allow distributed teams to perform as good as, or 
perhaps even better than face-to-face teams. In other words, we need to know 
how groups perform under specific communication conditions, and the primary 
goal of the current research was to contribute to this insight. We focus on dyadic 
planning, and compare both a rudimentary and a sophisticated communication 
environment to collocated face-to-face meetings. Moreover, we will also 
examine whether these different environments affect team processes and 
performance differently in a setting that is characterized by high time pressure, a 
typically defining characteristic of command and control teams (Hackman, 1990; 
Priest et al., 2006).  
 

4.1.1 Distributed Collaboration 
 
The importance of communication environments and technologies for effective 
team functioning has been the topic of a great number of studies. Much of this 
work is inspired by, or otherwise influenced by informational richness theory 
(Daft & Lengel, 1984, 1986), social information processing accounts (e.g., 
Kiesler, Siegel, & McGuire, 1984; Sproull & Kiesler, 1986), and media 
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synchronicity theory (Dennis & Valachich, 1999). Media synchronicity theory, 
for example, links the richness of a medium to its information processing 
capabilities, and suggest that several communication media can be structured in 
such a way that simultaneous conversations can occur, or that messages can be 
rehearsed or fine-tuned before sending them. These characteristics all have 
important implications for communication effectiveness, and according to media 
synchronicity theory, the “best” communication environment is the one that 
provides the set of capabilities that are most important for the individuals, task, 
and social context in which the team members interact. Kiesler and colleagues 
(1984; Siegel, Dubrovsky, Kiesler, & McGuire, 1986) add to this that 
communication environments of lower richness prohibit the transmittance and 
processing of social cues, and that when social cues like facial expressions, status 
cues, and non-verbal information are missing, group members feel more 
anonymous, depersonalized, and more focused on themselves. Again, in some 
tasks this may be more detrimental than in others.  

According to the above perspectives, distributed teams can thus be as 
effective as collocated face-to-face teams. There is some evidence that supports 
this assertion (Baltes, Dickson, Sherman, Bauer, & LaGanke, 2002; Olson, 
Olson, & Meader, 1997). Baltes, et al. found that compared to face-to-face 
groups, computer-mediated communication decreased group decision-making 
effectiveness, increased time required to reach a decision, and decreased group 
member satisfaction. However, when various moderators were considered, it was 
found that virtual teams could be just as effective as face-to-face decision-
making teams. For instance, when virtual teams were given unlimited discussion 
time, no decrease in effectiveness was found. 

Consistent with social information processing perspectives, computer-
mediated groups exchange less information (Hollingshead, 1996), and are less 
cohesive and more task-oriented than face-to-face groups (e.g., Connolly, Jessup, 
& Valacich, 1990). However, these effects appear limited to one-time 
interactions and dissipate over time, when group members interact for longer 
periods (Walther & Burgoon, 1992). For example, Wilson, Straus, and McEvily 
(2006) found that computer-mediated teams started with lower levels of trust and 
cooperation, but over time developed similar levels of trust and cooperation as 
face-to-face groups. Likewise, Van der Kleij, Paashuis, and Schraagen (2005) 
found that compared to face-to-face groups, dispersed groups were able to 
compensate for initial constraints due to technological limitations of the 
communication medium because of increased experience. 

Both media synchronicity theory and the social information processing 
perspective assume that face-to-face communication is not a prerequisite for 
groups to perform well. In complex tasks that both require coordination and 
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communication among group members, distributed teams may function as well 
as face-to-face teams provided that the communication environment allows the 
transmittance and processing of task-relevant information as well as social cues 
that enable team members to work well together. In the present study, we tested 
this general idea. In contrast to previous work comparing face-to-face 
communication to either video-teleconferencing or to computer-mediated 
communication, we focused on a high fidelity collaborative environment, in 
which distributed teams collaborate over a networked computer system allowing 
them to share applications, work in parallel, and exchange in real time high-
quality audio as well as video. This sophisticated communication environment, 
which we have named SHAPE, an acronym for SHAred Planning Environment, 
combines the advantages of communication media that are capable of 
transmitting rich information with the growing opportunities of information 
technology (van der Kleij & Schraagen, 2006; see also Siegel et al., 1986). For 
instance, SHAPE-dyads are enabled to work simultaneous and revise each 
other’s input in real time, thereby decreasing many of the challenges of 
distributed teamwork.  

We were especially interested in how SHAPE would compare to a collocated 
face-to-face setting — which is usually considered the gold standard of work 
environments — on a number of process and performance measures. We also 
compared this communication environment to a single duplex audio-only 
communication environment, in which distributed dyads had to communicate 
through push-to-talk radios, to assess the added effect of extra communication 
capabilities.  

Based on the aforementioned literature review and discussion on the effects of 
technological mediation of communication, we are able to make several 
predictions regarding to the outcomes of this experiment. First, it is known that 
technological mediation can make it more difficult to communicate information 
(Driskell et al., 2003; Thompson & Coovert, 2006). Many of the challenges faced 
by virtual teams stem from inefficient and ineffective communication. Telephone 
or radio conversations for example, are less rich than face-to-face. Visual cues 
are absent and group members must rely on language content and audio cues to 
reach an understanding. Therefore, our first hypothesis is:  
Hypothesis 1: We expect that face-to-face dyads will outperform push-to-talk 
radio dyads.  

In addition, we think that through adding communication capabilities to the 
environment in which distributed teams collaborate, the transmittance and 
processing of task-relevant information as well as social cues that enable team 
members to work well together will become less difficult. In other words, our 
second hypothesis is:  
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Hypothesis 2: We expect that SHAPE, which is capable of transmitting rich 
information and permits team members to enter information at the same time, 
will enable dyads to produce work that is indistinguishable in quantity and 
quality from face-to-face dyads. 
 

4.1.2 The Role of Time Pressure 
 
Our literature review revealed that when distributed teams are given unlimited 
discussion time, these teams could be just as effective as collocated face-to-face 
teams (e.g., Baltes et al., 2002). However, such situations are not very common. 
More common are situations in which teams are expected to achieve high levels 
of performance under extreme time pressure (Waller, Conte, Gibson, & 
Carpenter, 2001). In general, time pressure has a number of consequences (e.g., 
De Dreu, 2003; De Grada, Kruglanski, Pierro & Mannetti, 1999; Durham, Locke, 
Poon, & McLeod, 2000; Karau & Kelly, 1992; Kelly, Jackson, Hutson-Comeaux, 
1997; Kelly & Karau, 1999; Kelly & Loving, 2003; Kruglanski & Freund, 1983). 
At the individual level, time pressure leads to  

• faster performance rates,  
• lower performance quality, and  
• more heuristic information processing: People stop considering multiple 

alternatives, engage in shallow rather than thorough and systematic 
processing of information, and refrain from critical probing of a given 
seemingly adequate solution or judgment.  

In terms of the attentional focus model (Karau & Kelly, 1992; Kelly & Loving, 
2003) increasing levels of time pressure narrows team members’ focus on a 
limited range of task-salient cues in both team interaction patterns and team task 
performance. Under high time-pressure, group members see task completion as 
their main interaction objective, and the group attempts to reach consensus and 
complete the task as quickly as possible, but at the sacrifice of quality. Groups 
under mild or no time pressure can, in contrast, consider a wider set of task 
features, devote their resources to performing as well on the task as possible, and 
tend to employ more effortful systematic information processing that considers 
all possible alternative solutions for a task.  

Only few studies examined how time pressure moderated the effects of 
communication media on group processes and outcomes (Caballer, Gracia, & 
Peiró, 2005; Salanova, Llorens, Cifre, Martinez, & Schaufeli, 2003). Salanova et 
al. studied the moderating role of perceived collective efficacy between group 
communication systems (i.e., chat vs. face-to-face) and time pressure on 
collective well being (i.e., anxiety and engagement) and task performance. 
Groups working under time pressure performed their task less well compared to 
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groups working without time pressure. At the same time, it was found that high 
levels of perceived collective efficacy buffered the negative effects of time 
pressure on collective well-being and task performance. Groups high on 
collective efficacy suffered less from time pressure than groups low on collective 
efficacy.  

Caballer et al. (2005) investigated the combined effects of communication 
media and time pressure on the affective responses of team members (i.e., 
satisfaction and commitment to the solution achieved) while performing 
intellective tasks. Although this study has some weaknesses, it appears that in 
face-to-face groups increasing levels of time pressure undermined positive affect 
and satisfaction, whereas groups mediated by video teleconferencing improved 
their affective responses when working under time pressure. All in all, and 
consistent with media synchronicity theory, social information processing 
perspectives, and the attentional focus model, it seems that when no time 
constraints are present, face-to-face groups benefit from the excessive richness of 
their communication medium to fulfill social functions other than those that are 
instrumental to focusing on the task. However, under conditions of time pressure, 
face-to-face communication may provide too much information flow, inducing 
the group to operate in a sub-optimal manner and undermining positive affect and 
satisfaction. Thus, our third and fourth hypotheses are:  
Hypothesis 3: We expect time pressure to undermine team processes and 
outcomes.  
Hypothesis 4: We expect a significant interaction between communication 
environment and time pressure. Under low time pressure, we expect that face-to-
face and SHAPE-teams do not differ and outperform push-to-talk radio teams, 
whereas under high time pressure, the excessive richness of their communication 
channel induces the face-to-face teams to operate in a sub-optimal manner, 
leading to a relatively strong decline in effectiveness as compared to SHAPE 
teams and push-to-talk radio teams.   
 

4.2 Method 
 

4.2.1 Participants and Experimental Design 
 
Seventy-two participants, primarily students from the University of Utrecht in the 
Netherlands, took part in present study. Their age ranged from 18 to 37 years (M 
= 22.15, SD = 3.01). Each participant was assigned to one of 36 mixed-gender 
two-person teams (dyads), leaving us with 12 dyads per experimental group. 
Participants were paid €40 for participation, and were promised another €60 for 
the best performing dyad in each experimental condition.  
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The design was a 3 × 2 factorial, with communication condition (face-to-face, 
SHAPE, push-to-talk radio) as between-groups factor, and time pressure (low, 
high) as within-groups factor. The sequence of the levels of time pressure was 
counterbalanced for all dyads, but because order had no effects whatsoever it is 
not discussed further. Dyads were randomly assigned to experimental conditions. 
 

4.2.2 Task and Manipulation of Communication Media 
 
Planning is important to good teamwork. Planning requires teams to combine 
information from various informational resources, and come to consensus in 
selecting the best possible options. Prior research shows that planning prior to the 
execution of a task or mission, during task performance, or both contributes to 
effective coordination and enhances successful performance in groups (Stout, 
Cannon-Bowers, Salas, & Milanovich, 1999; Janicik & Bartel, 2003). For this 
reason, and to understand better what opportunities exist for supporting teams in 
which planning constitutes an important part of the job, such as command and 
control teams, we decided to focus this research on a collaborative planning task.  

The task required our dyads to write out a plan of action describing how to 
attain certain objectives central to task completion (cf. Hackman, 1987; Hayes-
Roth & Hayes-Roth, 1979; Janicik, & Bartel, 2003; Karau & Kelly, 1992; Kelly 
& McGrath, 1985). According to McGrath’s typology of tasks, our task can best 
be designated as a generating task; requiring the generation of plans or ideas 
(McGrath, 1984). The task was developed based on the following criteria:  

• There had to be a strong similarity with planning practice.  
• The task had to be in accordance with definitions of planning.  
• Our student participants had to be familiar with the topic.  
• The task needed to be a team task in which each participant had unique 

knowledge that had to be exchanged to reach an optimal solution.  
• Multiple and novel solutions had to be possible.  

More specifically, our dyads had to plan a day-trip to the Belgian Ardennes — a 
popular vacation destination — for a group of foreign tourists. The task was to 
combine information from various informational resources, and to reach 
consensus in selecting the best possible options (i.e., solutions that satisfied all 
task restrictions). Two versions were constructed for the two successive time-
pressure manipulations. These versions differed in the information given to the 
participants in advance. A Latin square design was applied to ensure that the two 
versions were equally divided across time-pressure conditions and order of 
appearance. 

A second planning task was developed as a training task for our participants. 
Our teams had to set up a campaign for the Dutch government to help minimize 
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traffic jams. Dyads had to write down their campaign within 15 minutes, which 
was more than enough time to complete the task. In this manner, our participants 
were able to be acquainted with their fellow team member, and to familiarize 
themselves with deadlines and the communication equipment in their 
communication condition. After completion of the task, we debriefed the dyads 
and gave them feedback on their performance.  
 
4.2.2.1 Equipment and task materials  
Three communication environments were designed, one for each communication 
condition: Face-to-face, SHAPE, and push-to-talk radio. In the face-to-face 
communication condition, team members were collocated and seated next to each 
other at a table behind a 19-inch Iiyama computer screen (1024 × 768 pixels) and 
a computer equipped with Microsoft Office OneNote 2003 note-taking program. 
Members were allowed to choose who was responsible for completing the 
written itinerary.  
 

 
Figure 4.1. Face-to-face communication environment.  
 
We gave each team member a binder with eight unique pieces of information, all 
about available activities, accommodations, and eating-places in the Ardennes. In 
this manner, team members were made interdependent for fulfilling all task 
restrictions and completing the task in an optimal manner. Each binder also 
contained general information, including prices for lunches and diners, the 
formula for calculation of the traveling times across cities on the map, and so 
forth. In total, there were four binders, which each contained eight comparable 
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pieces of unique information: Two binders for each version of the task. 
Furthermore, dyads had at their disposal a note-block and pencil, a map of the 
Ardennes, a calculator, and a digital egg timer showing the remaining time. A 
Panasonic VW- CP150 video camera was set up in one upper corner of the room 
for recording purposes. The video output was channeled through coaxial cable to 
a Panasonic AG 8700 VHS video recorder in the experimental room. A picture of 
the face-to-face condition is shown in Figure 4.1. 

In the push-to-talk radio communication condition, participants were located 
in different rooms and communicated through push-to-talk radios, similar to a 
dispatcher’s radio like the police, first responders, or taxi companies use. Again, 
one participant was made responsible for completing the written itinerary. This 
person was equipped with a computer and the Microsoft Office OneNote 2003 
note-taking program. A picture of the radio condition is depicted in Figure 4.2. 
 

 
Figure 4.2. Push-to-talk radio communication environment.  
 
In the SHAPE communication condition, participants were seated in separate 
rooms and both of them were equipped with a computer and the Microsoft Office 
OneNote 2003 note-taking program. With help of the Shared Session feature of 
OneNote and a local area network a peer-to-peer network session was created in 
which both participants were able to share the written plan, and see the comments 
and additions of their counterpart in real time. SHAPE-dyads communicated 
through a full-duplex good-quality video-teleconferencing system that consisted 
of a Panasonic Color Monitor WV-CM 1470, JVC TK C1381 digital video 
camera, microphone and loudspeaker. There was no processing required for 
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coding and decoding of the audio and video signals. Therefore, no unwanted 
round-trip delays and delays between audio and video were present during 
communication. Figure 4.3 depicts SHAPE. 
 

 
Figure 4.3. The SHAred Planning Environment (SHAPE).  
 
4.2.2.2 Manipulation of time pressure 
We varied time pressure by manipulating the amount of time participants were 
given to produce a written plan. Several pretest teams for each of our 
experimental conditions were run and on the bases of these trials it was 
determined that 80 minutes would allow dyads in all three experimental 
conditions more than sufficient time for performing the task, but would still 
induce some sense of urgency. In the high time-pressure conditions, we only 
provided a 20 minutes period (none of our pretest dyads completed the task in 
less than 20 minutes).  
 

4.2.3 Procedure 
 
At the start of the experiment, participants received a general instruction, stating 
the purpose of the experiment. Participants in all three communication conditions 
were given the same written and oral instructions, except for instructions 
pertaining to the time limit. We told participants that the experiment studied the 
interaction in teams and that they had to work together on a planning task. They 
were also informed that their written plan would be judged and rated on its 
quality. Then, participants were given informed consent forms and a short pre-
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experimental questionnaire pertaining to demographic characteristics and initial 
experience with teamwork, teleconferencing, and computers. Because 
exploratory analyses revealed no significant differences between communication 
conditions on any of these pretest questionnaire items, we conclude that 
randomization was successful and do not discuss these variables further. 

Next, participants were given task specific instructions relating to the traffic 
jams training task and were given 5 minutes to read the instruction. Then, 
participants were given instructions on the usage of the communication 
equipment and the Microsoft Office OneNote 2003 note-taking program. They 
were also given some time to practice with the equipment and task materials. 
During task performance and after task completion, participants received 
feedback and help concerning the usage of the equipment.  

After a short break, participants received instructions and binders with 
information concerning the Belgian Ardennes planning task. They were given 10 
minutes to study the instructions and the content of their binder. Participants in 
the face-to-face condition received the additional instruction that they were not 
allowed to give their binder to their fellow team member. Dyads that started in 
the high time-pressure condition were given the extra instruction that there was 
limited time for task completion but that previous testing had shown that it was 
possible for them to complete the task in time. After completion of the planning 
task, the experimenter saved the dyad’s written solution on the computer and 
handed out questionnaires on planning process quality and time pressure. The 
members were not allowed to speak to each other during this break.  

For the second task version of our planning task the same procedure was 
followed as described above. Then, we debriefed and interviewed participants, 
thanked them for their cooperation, and excused them.  
 

4.2.4 Dependent Variables 
 
4.2.4.1 Group performance  
Two objective measures of the dyads’ planning processes and outcomes were 
assessed and one subjective measure: length, the quality of the planning solution, 
and outcome satisfaction, respectively.  

4.2.4.1.1 Length. Length was assessed as the number of words in the written 
team products (see also Karau & Kelly, 1992). To standardize this measure 
across the two time-pressure conditions, the total number of words that each 
written itinerary contained was divided by the time given to complete the task in 
minutes (20 or 80 minutes).  

4.2.4.1.2 Quality of the planning solution. To assess the quality of the 
planning solution, written itineraries of each dyad were rated on nine interrelated 
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dimensions by two judges simultaneously. Initial discrepancies between judges 
were discussed until consensus was reached. The dimensions were in fact 
essential task restrictions that were communicated to the participants both orally 
and on paper in the instructions at the start of the experiment. For instance, dyads 
had to include both one cultural and one active endeavor in their planning, and 
the plan had to include both a lunch and a dinner. For fulfilling each task 
restriction, 10 points were awarded to the dyad to a maximum score of 90 points. 
To exclude effects of possible response bias in judges, plans were numbered, 
presented in random order, and all information pertaining to experimental 
conditions was removed. 

4.2.4.1.3 Outcome satisfaction. For team performance, not only the outcome 
itself is important, but also the affective reactions team members have. 
According to Thompson and Coovert (2003), outcome satisfaction encompasses 
approval of the final team decision. The questionnaire we developed to capture 
outcome satisfaction was adapted from Green and Taber (1980) and includes the 
following five items: “How satisfied or dissatisfied are you with the quality of 
your team’s outcome?”, “To what extent do you feel committed to the team’s 
outcome?”, “To what extent are you confident that the team’s outcome is 
correct?”, “To what extent do you feel personally responsible for the correctness 
of the team’s outcome?”, “To what extent does the final outcome reflect your 
inputs?” (5 items, Cronbach’s α  = 0.81). All items were measured on seven-
point Likert scales, in which a score of 1 corresponds to the most negative 
response to a statement and a score of 7 corresponds to the most positive 
response to a statement. Participants had to fill in the questionnaire twice, after 
each successive time-pressure condition.  
 
4.2.4.2 Group processes  
We administered several questionnaires to explore the effects of technological 
mediation and time pressure on participants’ perceptions of information 
exchange, process satisfaction, and the quality of the planning process. 
Participants had to fill in each questionnaire twice, after each successive time-
pressure condition. Again, all questionnaire items were measured on seven-point 
Likert scales.  

4.2.4.2.1 Information exchange. The sharing of members’ expertise and 
knowledge is one of the main goals of planning in groups (Stasser & Titus, 
1985). It was found that the effectiveness of groups fluctuates as a function of 
what information is shared and the degree that information is shared (Stasser, 
Taylor, & Hanna, 1989). Information exchange was assessed with a 
questionnaire to assess the perceptions of our participants concerning the 
completeness, speed, and amount of information given and received in 
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discussions while performing the task. The questionnaire included the following 
four items: “Our written itinerary was based on all available information”, “There 
was enough opportunity to exchange information”, “During task execution, I 
exchanged a lot of information with my team member”, “The information we 
exchanged, was without any delay” (4 items, Cronbach’s α = 0.70). 

4.2.4.2.2 Process satisfaction. Process satisfaction — the contentment with 
the interactions that occur while team members are devising decisions 
(Thompson & Coovert, 2003) — was assessed with an adapted version of the 
questionnaires used by Green and Taber (1980) and Dennis (1996). It contained 
the following two items: “I am satisfied about the course of discussions in our 
team”, “I am satisfied about the quality of the interactions in our team” (2 items, 
Cronbach’s α = 0.90).  

4.2.4.2.3 Quality of the planning process. In the literature, several dimensions 
are identified as important to good planning (Smith, Locke, & Barry, 1990; Stout, 
1995). The idea is that teams that score high on these planning dimensions would 
have a higher quality planning process than teams with lower scores and higher 
quality planning solutions. For example, according to Smith et al. high-quality 
planning can be characterized by: (a) a future orientation; (b) extensive 
interaction between organizational members; (c) a systematic and comprehensive 
analysis of the organization’s strengths, weakness, opportunities, and threats; (d) 
a clear definition of the roles and functions of all members; and (e) the 
development and communication of action plans and the allocation of resources 
to action plans.  

The following seven items, adapted from Smith et al. (1990) and Stout et al. 
(1999), were used in a questionnaire to assess the planning process quality: “Our 
team developed goals and there was awareness of consequences of errors”, “Our 
team exchanged preferences and expectations”, “Our team clarified roles and 
information to be traded”, “Our team clarified sequencing and timing of 
information to be traded”, “Our team knew how to deal with unexpected 
occurrences”, “Our team knew how to deal with high workload and time 
pressure”, “Our team was highly capable of correcting its actions” (7 items, 
Cronbach’s α = 0.80). 
 

4.3 Results 
 

4.3.1 Data Analysis and Descriptive Statistics 
 
A 2 × 3 General Linear Model (GLM) repeated measures design was used to 
analyze the data, with time pressure as within-groups variable and 
communication condition as between-groups factor. Analyses were performed at 
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the group level to account for statistical interdependence (Kenny, Kashy, & 
Bolger, 1998). Table 4.1 summarizes the means and standard deviations for the 
dependent variables across conditions.  
 
Table 4.1. Summary of cell means and standard deviations as function of communication 
condition (face-to-face [FTF], shared planning environment [SHAPE], and push-to-talk 
[PTT] radio) and time pressure (N = 36).  

 Time pressure   
Dependent variable Low (80 min) High (20 min) Row 

Information exchangea    
FTF 5.90 (.59) 4.56 (.85) 5.23 (.99) 
SHAPE 6.07 (.59) 4.70 (.59) 5.39 (.91) 
PTT radio 5.70 (.58) 4.18 (.66) 4.94 (.99) 
Column 5.89 (.59) 4.48 (.72) 5.18 (.96) 

Process satisfactiona    
FTF 5.92 (.43) 5.56 (.65) 5.74 (.57) 
SHAPE 5.98 (.41) 5.60 (.52) 5.79 (.50) 
PTT radio 5.79 (.47) 5.21 (.82) 5.50 (.72) 
Column 5.90 (.43) 5.46 (.68) 5.68 (.61) 

Outcome satisfactiona    
FTF 5.95 (.32) 5.13 (.86) 5.54 (.76) 
SHAPE 5.67 (.74) 4.91 (.66) 5.29 (.68) 
PTT radio 5.73 (.46) 4.99 (.89) 5.36 (.79) 
Column 5.78 (.53) 5.01 (.79) 5.40 (.77) 

Planning process qualitya    
FTF 5.55 (.38) 5.34 (.45) 5.44 (.42) 
SHAPE 5.37 (.58) 5.14 (.56) 5.26 (.57) 
PTT radio 5.18 (.28) 4.87 (.53) 5.03 (.44) 
Column 5.37 (.45) 5.12 (.54) 5.24 (.51) 

Lengthb    
FTF 4.56 (1.00) 5.99 (2.34) 5.28 (1.91) 
SHAPE 7.40 (3.79) 10.95 (4.85) 9.17 (4.63) 
PTT radio 4.75 (1.32) 6.58 (3.50) 5.66 (2.75) 
Column 5.57 (2.66) 7.84 (4.24) 6.70 (3.70) 

Quality of planning 
solutionc 

   

FTF 71.67 (9.37) 41.25 (14.79) 56.46 (19.70) 
SHAPE 68.75 (10.47) 48.75 (15.24) 58.75 (16.37) 
PTT radio 58.33 (8.88) 41.67 (12.31) 50.00 (13.51) 
Column 66.25 (10.98) 43.89 (14.20) 55.07 (16.90) 

Note. Values enclosed in parentheses represent standard deviations.  
a The values represent mean scores on seven-point Likert scales.  
b The values on this scale represent the mean number of words per minute in the written 
plan.  
c The values represent mean scores on the planning task for each team. The maximum 
score is 90. 
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Table 4.2 gives the zero-order correlations for all the dependent variables. As can 
be seen in Table 4.2, there appears to be a cluster of strongly correlated process 
measures (information exchange, process satisfaction, and planning process 
quality). Second, the quality of the planning solution was significantly correlated 
to length, the perceived quality of the planning process, and information 
exchange, but not to both measures of perceived satisfaction.  
 
Table 4.2. Means, standard deviations, and Pearson’s bivariate correlations between the 
dependent variables (2-tailed, N = 36).  

Dependent variable  M 1 2 3 4 5 6 
1. Information 
exchange 

5.18 (.60) --      

2. Process satisfaction 
 

5.68 (.47) .48** --     

3. Outcome satisfaction 
 

5.40 (.51) .43** .63** --    

4. Planning process 
quality 

5.24 (.40) .37* .58** .52** --   

5. Length  
 

6.70 (3.10) .20 .34* .21 .11 --  

6. Quality of planning 
solution 

55.07 (9.48) .39* .24 .30 .48** .57** -- 

Note. Values enclosed in parentheses represent standard deviations.  
*p < .05, two-tailed. **p < .01, two-tailed.  
 

4.3.2 Time Pressure Manipulation Check 
 
The perceived time pressure was assessed on a post-task questionnaire with four 
items adapted from Karau and Kelly (1992), Durham, Locke, Poon and McLeod 
(2000), and Zaccaro, Gualtieri, and Minionis (1995), and translated into Dutch 
(Cronbach’s α = 0.88). The questionnaire items were measured on seven-point 
Likert scales. A significant main effect for time pressure was found, F (1, 30) = 
190.91, p < .01, ηp

2 = .86. Dyads in the high time-pressure condition (M = 5.55, 
SD = 0.83) reported significantly more time pressure than did dyads in the low 
time-pressure condition (M = 2.81, SD = 1.36).  
 

4.3.3 Group Performance 
 
4.3.3.1 Length  
A significant main effect of time pressure was found for the number of words per 
minute in the written plan, F (1, 30) = 17.15, p < .01, ηp

2 = .36. Dyads in the high 
time-pressure condition (M = 7.84, SD = 4.24) contributed more words to their 
written itineraries per minute of the interaction than dyads working in the low 
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time-pressure condition (M = 5.57, SD = 2.66). Moreover, the analysis revealed a 
significant main effect of communication condition on length, F (2, 30) = 8.19, p 
< .01, ηp

2 = .35. Tukey’s post hoc pairwise comparisons revealed that significant 
differences were present between dyads in the face-to-face (M = 5.28, SD = 1.91) 
and the SHAPE condition (M = 9.17, SD = 4.63), p < .01, and between dyads in 
the push-to-talk radio (M = 5.66, SD = 2.75) and SHAPE condition (p < .01). 
These results indicate that SHAPE is the most optimal communication 
environment for efficient use of time while working on a collaborative planning 
task, compared to both the face-to-face and the push-to-talk radio communication 
conditions. No interaction of time pressure and communication condition on 
length was found, F (2, 30) = 1.86, p = .17, ηp

2 = .11. 
 
4.3.3.2 Quality of the planning solution  
As expected, a significant main effect of time pressure was found, F (1, 30) = 
77.35, p = .00, ηp

2 = .72, showing better quality solutions in the low time pressure 
(M = 66.25, SD = 10.98) than high time-pressure condition (M = 43.89, SD = 
14.20). In addition, a significant main effect of communication condition was 
found, F (2, 30) = 3.39, p < .05, ηp

2 = .18. Post hoc analysis revealed that 
SHAPE-dyads (M = 58.75, SD = 16.37) outperformed push-to-talk radio dyads 
(M = 50.00, SD = 13.51; p < .05), and that the face-to-face communication 
condition (M = 56.46, SD = 19.70) took an intermediate position that did not 
differ from both the SHAPE and push-to-talk radio communication condition. No 
interaction effect was found between time pressure and communication 
condition, F (2, 30) = 2.12, p = .14, ηp

2 = .12. 
 
4.3.3.3 Outcome satisfaction  
A significant main effect for time pressure showed that dyads in the low time-
pressure condition (M = 5.78, SD = 0.53) were more satisfied with their 
performance than dyads in the high time-pressure condition (M = 5.01, SD = 
0.79), F (1, 30) = 41.60, p < .01, ηp

2 = .58. No other effects were found.  
 

4.3.4 Group Processes 
 
4.3.4.1 Information exchange  
Results revealed a significant main effect for time pressure, demonstrating that 
dyads in the low time-pressure condition perceived the exchange of information 
as more effective and efficient (M = 5.89, SD = .59) than did dyads in the high 
time-pressure condition (M = 4.48, SD = .72), F (1, 30) = 204.73, p < .01, ηp

2 = 
.87. No significant main effect for communication condition was found on 
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information exchange in dyads, F (2, 30) = 1.88, p = .17, ηp
2 = .11. The 

interaction effect was not significant either, F (2, 30) < 1, ns, ηp
2 = .02. 

 
4.3.4.2 Process satisfaction  
A significant main effect for time pressure showed that dyads in the low time-
pressure condition (M = 5.90, SD = .43) were comparatively more satisfied about 
their group processes than dyads in the high time-pressure condition (M = 5.46, 
SD = .68), F (1, 30 ) = 16.17, p < .01, ηp

2 = .35. No other effects were significant. 
 
4.3.4.3 Planning process quality  
A significant main effect for time pressure showed that dyads in the low time-
pressure condition (M = 5.37, SD = .45) reported a planning process of higher 
quality than dyads in the high time-pressure condition (M = 5.12, SD = .54), F (1, 
30) = 10.05, p < .01, ηp

2 = .25. Further, there was a significant main effect for 
communication condition on planning process quality, F (2, 30) = 4.42, p < .05, 
ηp

2 = .23. Post hoc analysis with Tukey’s pairwise comparisons showed that face-
to-face dyads were significantly more satisfied with the quality of their planning 
process (M = 5.44, SD = .42) than dyads in the push-to-talk radio communication 
condition (M = 5.03, SD = .44, p < .01). No significant difference was found for 
planning process quality between face-to-face and SHAPE-dyads (M = 5.26, SD 
= .57, p = .22), or between SHAPE and push-to-talk radio dyads (p = .10). The 
interaction between time pressure and communication condition was not 
significant, F (2, 30) = .25, p = .78, ηp

2 = .02. 
 

4.4 Discussion  
 
The primary goal of this experiment was to explore the effects of geographical 
dispersion on collaborative planning and to investigate the role of time stress as a 
moderator. We also sought to examine whether virtual teams can be as effective 
as collocated face-to-face teams. To accomplish these goals, we compared dyadic 
performance on a collaborative planning task in both a rudimentary and a 
sophisticated distributed communication environment to collocated face-to-face 
meetings. In the following, we will discuss our findings organized around the 
effects of distributed collaboration, time pressure, and the combination of these 
two. We close with suggestions for future research and for the design of 
distributed work environments. 
 

4.4.1 Effects of Communication Condition 
 
We expected that the sophisticated communication environment would enable 
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virtual teams to interact and perform in a manner that is comparable to face-to-
face teams. Indeed, our data provided strong support for this position and 
corroborate earlier findings that distributed collaboration can be done without 
loss of quality (e.g., Olson, Olson, & Meader, 1997). No differences between 
collocated and SHAPE-dyads were found, except for the quantity of 
performance: SHAPE-dyads were able to contribute more words to their written 
solution per minute of the interaction than dyads working in the other 
communication conditions. This finding provides some support for media 
synchronicity theory. Because both participants were able to share the written 
plan, submit ideas at the same time, and see the comments and additions of their 
counterpart in real time they could work on the task more rapidly than dyads in 
the other two conditions.  

As was expected, SHAPE-dyads outperformed push-to-talk radio dyads: 
SHAPE-dyads produced lengthier plans of higher quality than radio dyads. 
However, no differences were found between both conditions in the perceived 
exchange of information, satisfaction, and the quality of the planning process. 
This was unexpected, especially with regard to satisfaction, because previous 
research has repeatedly demonstrated that distribution, due to the relative 
restriction in the transmission of social and contextual cues, lowers satisfaction 
with both the process and the outcomes (Baltes et al., 2002; Straus, 1997). We 
discuss this finding from a cost-benefit perspective. 

The cost-benefit perspective suggests that task performance should be related 
to the amount of effort expenditure on the task. The cost-benefit rationale would 
hold that in the absence of differences between costs and benefits, no differences 
in the perceived effort expenditure would emerge between communication 
conditions (cf. Thompson & Coovert, 2003). Our design allowing dyads in both 
conditions an equal amount of time for planning supports this notion. Moreover, 
we gave our teams no direct performance feedback upon completion of their 
plan. In addition, there was no single best plan to which dyads could compare 
their planning solutions. This means that there were no reasons to expect any 
differences between conditions in the perceptions of costs (e.g., the amount of 
information exchange) and benefits (e.g., the quality of the planning solutions). 
The cost-benefit rationale states that in the absence of such differences between 
cost and benefit ratios, no differences in participants’ perceptions of the quality 
of their interaction and outcomes were to be expected between communication 
conditions. 

The debriefing sessions and our observations during the experiment provided 
some additional insights. We observed that some of the radio dyads adopted 
coping strategies to compensate for experienced shortcomings in the 
communication environment. The members of these dyads divided the work 
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between them at the beginning of the session and worked individually until a 
preagreed time (e.g., every 5 minutes), at which moment the work efforts were 
integrated into a single written plan of action. Thus, both the need for 
information exchange and communication were lowered, thereby reducing their 
effort expenditure. This could have enabled these dyads to compensate to some 
extent for increases in the costs of collaboration due to experienced 
communication limitations.  
 

4.4.2 Time Pressure and Directions for Future Research 
 
The data supported our hypothesis that time pressure harms the planning process 
of teams and, subsequently, how well the team performs. Our findings are 
generally supportive of models of time stress and performance such as Karau and 
Kelly’s (1992) attentional focus model and confirm the detrimental effects of 
time pressure as a situational constraint on team processes and outcomes (Kelly, 
Jackson, & Hutson-Comeaux, 1997). The quality of the dyads’ written itinerary 
was substantially higher for dyads that had low time pressure imposed upon them 
as compared to dyads that had to work in high time-pressured conditions. It 
appears that dyads that have to work under high time pressure engage in lower 
quality teamwork and produce team products of lower quality as well. Indeed, 
additional examination of the data revealed a strong correlation between the 
quality of the planning process and the quality of the planning solution.  

Furthermore, we found that dyads in high time-pressure conditions worked at 
a faster rate, writing down more words per minute of the interaction, than dyads 
in low time-pressure conditions. At the same time, teams working under high 
time pressure were less satisfied with the quality of their planning process, less 
content about their interaction with their fellow team member, and were less 
satisfied with the results of their planning process than dyads that had low time 
pressure imposed upon them when collaborating. Moreover, it was found that 
dyads in the high time-pressure condition exchange information in a less optimal 
manner than did dyads in the low time-pressure condition. Taken together, these 
results concur with earlier studies on time stress at the individual level, where it 
was found that individuals working under time pressure work at a faster rate, but 
often at the cost of lower performance quality (e.g., Kelly & McGrath, 1985; 
Smith, Pruitt, & Carnevale, 1982). It is likely that the increase in contribution 
rate in the high time-pressure condition is the consequence of coping strategies to 
deal with the disadvantageous aspects of time pressure (see also De Dreu, 2003). 

To our surprise, we found no interaction effects between time pressure and 
communication environment. There were no effects found of communication 
condition on the relationship between time pressure and group performance. 
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These results differ from the work of Caballer et al. (2005), who found 
interaction effects between time pressure and the communication environment on 
a simple task in which four-member groups had to solve a logic problem with a 
correct solution. For instance, Caballer et al. found that the most deleterious 
effects of time pressure were produced in groups working together face-to-face, 
compared to groups mediated by video teleconference. According to their line of 
reasoning, mediated communication mitigated the unequal allocation of 
discussion time and centralization under time pressure. However, we were unable 
to replicate these findings in a setting in which dyads had to make a rather 
complex plan for which there was no single correct solution.  

Although we were unable to demonstrate an interaction between time pressure 
and communication environment, future research is warranted to more fully 
explore the combined effects of situational constraints and mediated 
communication. For instance, the effects of fatigue and sleep deprivation on 
distributed teamwork and their combined effects on all aspects of teamwork are 
still relatively unknown. Fatigue has adverse effects on individual performance 
and teamwork: People make more errors and work slower (for example, see 
Pilcher & Huffcutt, 1996). Feedback and incentives stimulate people to exert 
extra mental effort, which makes them able to compensate for a decreased 
activation level. There is also evidence that the mere presence of others, which 
has been demonstrated to increase attentional demands resulting in better group 
task performance on simple tasks and inhibiting performance on complex tasks 
(for a comprehensive review, see Hoeksema-Van Orden, 2000), can 
counterbalance the adverse effects of fatigue and sleep deprivation. It is therefore 
interesting to investigate whether the effects of fatigue on teamwork are 
amplified in communication environments that are incapable of conveying rich 
information, such as internet chat or audio communication environments, and 
that are therefore to a lesser extent capable of generating the impression of 
sharing space with the participants at the remote site.  
 

4.4.3 Limitations and Implications for Practice 
 
Our study has several limitations that should be taken into account before 
generalizing our results to other settings and populations. First, our SHAPE 
environment differed on more than one aspect from our radio and face-to-face 
communication environments. SHAPE-dyads communicated through a video-
teleconferencing system, and were equipped with a shared-workspace application 
that enabled them to share the written plan, and see the comments and additions 
of their counterpart in real time. This means that for some of the observed effects 
it is difficult to address whether the observed effects need to be subscribed to the 
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difference in communication environment, to the addition of the shared-
workspace application, or to both. This makes it difficult to draw specific 
conclusions about why SHAPE appears to be useful. 

Second, time pressure was imposed upon our participants by limiting the 
available time for combining information and writing out a joint plan of action 
describing how to attain the objectives central to task completion. Although we 
know that both real and self-imposed time pressure impacts teamwork, our 
experiment leaves unclear whether the effects of time pressure should be 
attributed to the temporal restraints that were imposed upon our dyads, lower 
motivation to engage in deep, deliberate and systematic processing of 
information, or to both (De Dreu, 2003). To avoid this problem in future 
experiments, it is recommendable to give all teams the same amount of time and 
then induce time pressure by telling the teams in the time-pressure condition that 
they are on a tight schedule and reminding them at intervals during the task to 
“hurry up” and “work harder” (cf. Driskell, Salas, Johnston, 1999).  

Furthermore, our tested teams consisted of no more than two participants. The 
use of dyads is not ideal. For larger groups (i.e., three or more members) it is 
known that the regulation of conversational behavior and the need for 
coordination becomes more important (cf. Doherty-Sneddon, O’Malley, Garrod, 
Anderson, Langton, & Bruce, 1997; Hancock & Dunham, 2001; Sellen, 1995; 
Van der Kleij, Paashuis, Langefeld, & Schraagen, 2004). The SHAPE condition 
allows for the simultaneous contribution of various members. This should be a 
greater advantage with larger groups consisting of at least three persons where 
participation differences and production blocking are more pronounced (see also 
DeSanctis & Gallupe, 1987; Jarvenpaa, Rao, & Huber, 1988; Jessup & Valacich, 
1993). Thus, it may well be that the trends that emerged in this study are 
amplified for teams that consist of more than two participants. Future research 
should explore this issue into more detail. 

Finally, our experiment can be described as a single-session experiment with 
participants that share no prior experience and expect no future interaction (i.e., 
so called ad hoc groups). There are some serious limitations to this approach, 
especially regarding the degree to which it reflects the temporal processes of 
naturally occurring groups as we encounter them in our everyday life (for a 
comprehensive critique, see McGrath, 1991). Ad hoc groups bear no resemblance 
at all to many of the groups we meet in everyday living which have numerous 
experiences with each other and anticipate a future with fellow group members 
(Alge, Wiethoff, & Klein, 2003). Natural groups are prone to considerable 
fluctuation in membership and attendance over time, all temporal aspects that can 
have a large impact on group task performance, user reactions, and member 
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relations (Van der Kleij, et al., 2005, see also Dourish, Adler, Bellotti, & 
Henderson, 1996; Olson & Olson, 2000; Qureshi & Vogel, 2001). 

To conclude, our findings have some interesting practical implications as 
well. The results of studies like these will help practitioners to develop 
innovative concepts for the organization of distributed teamwork and for the 
development of groupware to support virtual teams. For example, SHAPE-dyads 
that were equipped with a shared-workspace application were enabled to work in 
parallel. Consequently, there was less need to explicitly communicate changes in 
the current state of the task, as compared to the push-to-talk radio dyads, leading 
to more efficient and better task performance (see also Whittaker, 2003). That is, 
although several studies show that distributed work leads to decreases in group 
effectiveness, increases in time required to complete tasks, and decreases in 
member satisfaction compared to face-to-face meetings, in this chapter we have 
shown that virtual teams can be just as effective as collocated teams. 
 



 
 
 

Chapter 5 
 

General Discussion 
 
 
This dissertation focused on virtual teams. A virtual team, also known as a 
distributed team, is a team of people who are to some extent dispersed in time 
(e.g., shift workers) and across different geographical locations, to work on a 
common project using communication and information technologies. Virtual 
teams have a number of benefits that make them attractive to a wide range of 
public and private organizations. For example, virtual teams can be composed of 
the best professionals for the task regardless of their physical location, thus 
potentially enhancing the quality of the distributed teamwork. Furthermore, 
virtual teams enable global organizations that span time zones to operate around 
the clock, leading to considerable timesavings.  

Notwithstanding these benefits, distributed teamwork is not without its 
difficulties. Research suggests that these teams encounter all the problems of 
traditional teams in collocated settings in addition to other problems specific to 
their dispersed nature. Communication in virtual teams is often unclear and 
infrequent due to difficulties in transmitting all the sources of information 
available in face-to-face conversations. Moreover, dispersion has the potential to 
prompt dysfunctional conflict, induce social isolation, and undermine trust, 
commitment to the team, cohesion, and satisfaction. In virtual teams, it also 
becomes more difficult to have an ongoing awareness of other team members’ 
endeavors and to maintain a common picture of the problem at hand. Without 
some sort of knowledge of the progress of particular team tasks, what fellow 
workers are doing, who is communicating with whom, what equipment is out of 
order, and so forth, it becomes difficult, or even impossible, to engage in 
coordinated teamwork. Following the identification of these issues in distributed 
teamwork, strategies can be conceived to overcome them. 

The purpose of the present dissertation was twofold: first, to increase 
knowledge about the benefits and difficulties of distributed teamwork, and, 
second, to contribute to a better understanding of how to make effective work 
teams in distributed settings.   

To reach these goals, I examined relevant information about virtual teams and 
their responses to communication environments, and investigated the challenges 
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of distributed teamwork. The three empirical studies reported in this dissertation 
investigated strategies regarding how to enhance the effectiveness and efficiency 
with which distributed teamwork is carried out. These strategies include  

• matching communication media capabilities to the fundamental 
communication processes required to perform the task and the situation in 
which the team members have to interact;  

• allowing teams to adapt to environmental opportunities and constraints; 
and  

• helping teams to maintain awareness of the situation, task, and team during 
distributed meetings.  

In this chapter, first, I discuss the main findings from these three empirical 
studies and the links between the successive experiments. Then, I discuss the 
practical implications of the main findings and, subsequently, some of the 
limitations of the experiments that have to be taken into account in generalizing 
the present findings to other settings and populations. This chapter ends with 
suggestions for future research and conclusions about what has been investigated. 
 

5.1 Discussion of Main Results 
 
In chapters 2 and 3, a longitudinal approach was used to explore the effects of 
experience of a virtual team as a team, with its tasks, and communication 
environment. A longitudinal design involves a fixed sample of participants 
measured repeatedly. The main purpose was to test how people adapt over time 
to distribution and the technological facets of their communication environment. 
The goal was also to increase the general understanding of the impact of 
geographical distribution on teamwork and the nature of the constraints imposed 
when one has to communicate over a communications network.  

Chapter 2 reports an experiment which explored how team processes and 
outcomes differ as a function of the team’s communication environment, and 
how these processes change over time. In a between-groups design, three-person 
video-mediated non-collocated teams were compared to face-to-face same-room 
teams in 4 one-hour test sessions at two-week intervals. Teams had to select and 
argue the correct answer out of a set of three alternatives for ten questions that 
we selected to provoke discussion between team members. We examined how 
the structure of conversation, such as the length of pauses, the duration and 
number of turns, and the number of interruptions, differed as a function of the 
team’s communication environment, whether collocated or distributed using 
video-teleconferencing equipment, and how these variables changed over time. 
This is of interest because these patterns of communication reveal the manner in 
which a conversation is conducted. For example, difficulties in turn management 
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and regulation of conversation may reveal itself in long turns, frequent 
interruptions, or unusually long pauses (Sellen, 1995). In this manner, these 
patterns offer an alternative to task performance as a means for assessing the 
effects of communication media.   

Earlier studies have found that geographical dispersion of team members and 
the accompanying use of communication media distorts communication. 
Distributed team members receive fewer social context cues — which comprise 
nonverbal signals (e.g., facial expressions), paraverbal cues (e.g., voice volume), 
status and interpersonal cues (e.g., age, physical appearance), and features of the 
physical surrounding (e.g., office size) — than collocated face-to-face team 
members. These cues are considered important in the regulation of conversation 
(Boyle, Anderson, & Newlands, 1994). Consequently, communication is often 
unclear and infrequent (Thompson & Coovert, 2006). Consistent with past work 
and expectations, the results of this first experiment showed that compared to 
face-to-face communication, distributed video-teleconferencing teams took more 
time for turns, required fewer turns to complete the task, and interrupted each 
other less. The interaction process in these distributed teams was characterized as 
more formal, “lecture-like” with long turns: Listeners appeared to be more polite, 
waiting for a speaker to finish before making their conversational contribution. 
These results illustrate that video-teleconferencing technologies are to some 
extent attenuating the social context cues available in face-to-face meetings. 

The longitudinal design showed the importance of allowing teams time to 
gain experience with its tasks, as a team, and with its communication media. It 
was expected that the need for coordination and information exchange in the 
geographically dispersed work teams would decrease over time. Increased 
experience would make collaborating easier in the sense that team members 
become more accustomed to the procedures involved in efficient collaboration 
and the constraints due to the technological limitations of the groupware. Indeed, 
the results demonstrated that over time the communication patterns in virtual 
teams approximate those of conventional teams, suggesting that virtual teams 
adapt to the newness and limitations of their communication environment. 

Likewise, it is interesting to note that over time teams in both communication 
conditions needed less conversation to complete the task. In other words, the 
volume of communication diminished over time (cf. Briggs & Johnston, 1967). 
This indicates that team members developed shared knowledge structures about 
the task, roles, responsibilities, and informational needs of their team members. 
Through self-disclosure and shared experiences, group members learn who the 
expert is across knowledge domains, and members rely on one another to access 
information in appropriate domains. Consequently, team members were able to 
anticipate each other’s information needs and provide relevant information 



Chapter 5 
 
104 

before being asked to do so. When group members know who is good at what, 
coordination is likely to improve. Familiarity with one another’s strengths and 
weaknesses helps members to anticipate behavior rather than merely react to it 
(Moreland, Argote, & Krishnan, 1996). Even when task have not been assigned 
to particular members, group members can coordinate more smoothly and 
efficiently. Thus, experienced teams need less discussion to complete their work 
because members know what knowledge their fellow team members hold and, 
consequently, who needs to be consulted in appropriate domains when guidance 
is needed. This result stressed the importance of sharing knowledge structures 
during distributed teamwork and emphasized the need for implementing 
technologies, procedures, or both that can help teams to maintain an ongoing 
awareness of the situation, the task, and the team.  

Contrary to our expectations, task performance did not differ between 
communication conditions. Moreover, task performance did not increase over 
time as teams gained experience with the task, the team, and the communication 
setting. Teams were able to maintain comparable performance scores across 
communication conditions in spite of differences in communication processes. 
This was rather unexpected because several studies have acknowledged the 
superiority of collocated teams on task performance as compared to distributed 
teams. Moreover, previous research has shown that increased experience has 
beneficial effects on performance.  

Adelman, Miller, Henderson, and Schoelles (2003) provide a plausible 
explanation for the apparent contradiction between the general literature and our 
performance results. Adelman et al. found that team members adapt their 
communication to their distributed work environment in an effort to maintain 
high and stable performance. Team members adapt to limitations in their 
communication environment by accelerating their cognitive processing, 
increasing the amount of their implicit coordination by sending more information 
without being asked for it, and, to a lesser extent, omitting certain activities. 
Thus, this explains why teams were able to maintain comparable performance 
scores across communication conditions. However, Adelman et al. do not explain 
why over time a performance increase stayed out.  

Another explanation for the lack of performance differences that explains both 
contradictions with the general literature involves the experimental task: A 
multiple-choice task was used to provoke as much discussions as possible in our 
teams. However, because of the simplicity of the task, it is well possible that our 
distributed environment did not pose a real hindrance to our participants to 
maintain high and stable performance. Moreover, it is very likely that teams in 
both communication conditions already performed at their near maximum at the 
beginning of the experiment, leaving no room for improvement over time.  
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In the experiment presented in chapter 3, the same longitudinal approach was 
used as described in chapter 2. However, in this experiment we used a task that 
required rich communication channels and that had the potential to induce 
differences in team task performance under different communication 
environments. Each team member had to fold as quickly and precisely as 
possible two Japanese origami figures. Each team member received unique 
instructions about the same figures, which made him or her interdependent for 
the completion of the task. Thus, collaborating with both team members was 
required to complete the two figures.  

Geographical dispersion of team members was found to hinder team task 
performance. Collocated face-to-face teams performed significantly better than 
distributed video-teleconferencing teams, a finding that replicated previous team 
research (e.g., Kiesler & Cummings, 2002). However, and more important, it was 
found that after several test sessions, initial differences between communication 
conditions on team task performance in favor of the face-to-face teams had 
disappeared. While face-to-face teams remained constant in their performance 
over time, video-mediated teams got better as they gained experience. This, 
again, indicates that distributed teams, through increased experience, are able to 
compensate for initial constraints due to their dispersed nature and the newness 
and technological limitations of their communication medium. At the same time, 
however, this finding was not replicated for measures on cohesion, member 
satisfaction, and mental effort. Either no differences between communication 
conditions on those measures were present, or initial differences did not 
disappear as teams gained experience. 

The results of both studies, reported in chapters 2 and 3, indicate that temporal 
aspects have a large impact on distributed teamwork. Virtual teams adapt to their 
distributed nature and, more specifically, to the newness and technological 
limitations of their communication environment. The results concur with 
adaptive response models, which stress response to environmental opportunities 
and constraints as a guiding force in group change (Arrow, Poole, Henry, 
Wheelan, & Moreland, 2004; McGrath, 1991). These theories assume that there 
exists no single best path to match task and contextual demands, but that 
adaptation of temporal patterns to these changing demands is essential to 
effective group performance (Poole & DeSanctis, 1990). The path chosen 
depends on task features or environmental constraints, such as limitations in the 
communication setting in which virtual teams have to collaborate. Further, both 
face-to-face and virtual teams improved their performance and altered their 
interaction pattern because of increased experience with their fellow team 
members and the task. These results stress the importance of allowing virtual 
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teams time to gain experience with its tasks, as a team, and with its 
communication media.  

Chapter 4 reported an experiment in which we tested theories describing how 
task performance interacts with time pressure and communication setting. A 
rudimentary and a more sophisticated communication environment were 
compared to collocated face-to-face meetings. The goal of this experiment was to 
assess the relative effectiveness of a sophisticated high-fidelity communication 
environment to support distributed teamwork. Moreover, we examined whether 
team processes and performance are affected differently in a setting that is 
characterized by high time pressure, a typically defining characteristic of many 
contemporary virtual teams.  

Teams in this experiment performed a complex planning task that required 
team members to share information, to generate ideas, and to reach consensus on 
their plan. In the rudimentary communication condition, teams had half-duplex 
audio only at their disposal. We expected that adding communication capabilities 
to this condition would make communicating information to others and 
interpreting the communications of others less difficult. More precisely, we 
expected that the combination of several advantageous features not present in 
traditional face-to-face settings would compensate for a loss of collocation in the 
distributed setting. Teams working in the sophisticated communication 
environment collaborated over a networked computer system allowing them to 
share applications, work in parallel, and exchange in real time audio as well as 
video. Hence, we expected that teams in this sophisticated high-fidelity 
communication setting would approach the performance level of face-to-face 
teams.  

Chapter 4 demonstrated that virtual teams could produce work that is 
indistinguishable in quantity and quality from face-to-face teams. This result 
corroborates earlier findings (Dennis & Valacich, 1999; Olson, Olson, & Meader, 
1997). On one task aspect, teams in the sophisticated communication also 
outperformed their collocated counterparts. The sophisticated communication 
environment enabled teams to work on the task more rapidly than face-to-face 
teams. This finding is consistent with media synchronicity theory (Dennis & 
Valacich, 1999) and indicates that virtual teams should not choose their 
communication media haphazardly. Media synchronicity theory assumes that 
face-to-face communication is not a prerequisite for teams to perform well and 
incorporates the fact that modern communication technologies have qualities not 
present in traditional face-to-face settings. According to media synchronicity 
theory, the best medium or set of media is that which provides the set of 
capabilities or characteristics that is most useful for a given situation: the 
individuals, the task, and social context in which the team members interact. 
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Team members in this experiment were able to share the written plan, submit 
ideas at the same time, and see the comments and additions of their counterpart 
in real time. This enabled them to offset the negative effects of their distributed 
work environment.  

Chapter 4 also showed that time pressure harms the planning process of 
teams, whether distributed or collocated, and, subsequently, how well the team 
performs. Our findings are supportive of models of time stress and performance 
such as Karau and Kelly’s (1992) attentional focus model, and confirm the 
detrimental effects of time pressure as a situational constraint on team processes 
and outcomes (Kelly, Jackson, & Hutson-Comeaux, 1997). Teams that have to 
work under high time pressure work at a faster rate, but at the cost of lower 
performance quality (e.g., Kelly & McGrath, 1985; Smith, Pruitt, & Carnevale, 
1982). Apparently, the increase in performance rate in high time-pressure 
conditions is the consequence of coping strategies to deal with the 
disadvantageous aspects of time pressure (see also De Dreu, 2003). 

To our surprise, the experiment in chapter 4 revealed no interaction between 
time pressure and communication setting. This result differs from past work 
(Caballer, Gracia, & Peiró, 2005). Caballer et al. found that in face-to-face 
groups increasing levels of time pressure undermined satisfaction and 
commitment to the solution achieved, whereas groups mediated by video 
teleconferencing improved their affective responses when working under time 
pressure. Caballer et al. assumed that when no time constraints are present, face-
to-face groups benefit from the excessive richness of their communication 
medium to fulfill social functions other than those that are instrumental to 
focusing on the task. However, under conditions of time pressure, face-to-face 
communication provides too much information flow, inducing the group to 
operate in a sub-optimal manner and undermining positive affect and satisfaction. 
Although we were unable to demonstrate an interaction between time pressure 
and communication environment, future research is warranted to investigate the 
combined effects of situational constraints and mediated communication. For 
instance, the effects of fatigue and sleep deprivation on distributed teamwork and 
their combined effects on all aspects of teamwork are still relatively unknown.  

To summarize, an important contribution of this dissertation is that it 
identified three promising strategies for lessening the challenges of spatial 
distribution and validated these in controlled empirical studies. The longitudinal 
studies reported in chapters 2 and 3 uncovered the importance of allowing teams 
time to gain experience and adapt to the opportunities and constraints of their 
communication environment. Furthermore, these studies pointed to the 
importance of having shared knowledge structures in place that can help teams 
maintain task and team awareness during distributed teamwork. Such shared 
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knowledge structures enable team members to anticipate each other’s 
information needs and provide relevant information before being asked to do so, 
which diminishes the need for explicit communication and lowers the 
opportunity for miscommunication. Finally, chapter 4 highlighted the importance 
of carefully considering the communication capabilities that virtual teams have at 
their disposal. We found that when virtual teams are able to share their work, 
submit ideas at the same time, and see the comments and additions of their 
counterpart in real time, they were able to exceed the performance level of 
collocated face-to-face teams. 
 

5.2 Practical Implications  
 
The present research hosts several practical implications that help set an agenda 
for building the organizational and technical support structures of the future. In 
chapters 2 and 3, the importance of experience was acknowledged. Virtual teams 
were found to be able to compensate over time for initial constraints due to the 
newness and technological limitations of their communication medium.  

This finding has a serious implication for the design of groupware. It means 
that companies that build groupware, and their designers, could run the risk of 
devoting time, effort, and financial resources to the development of innovative 
solutions to non-problems: problems that diminish in time as people learn 
effective practices to adapt to the technologies available to them (see also 
Dourish, Adler, Bellotti, & Henderson, 1996). This finding is also relevant for 
the training of virtual teams. Rather than developing and delivering expensive 
training sessions, chapters 2 and 3 show that virtual teams that have recurring 
tasks and anticipate continued future interaction, so called ongoing or standing 
teams, should simply be allowed to learn and adapt while performing their task. 

Obviously, not all teams have the luxury to learn on the job how to operate 
their communication equipment and collaborate with their distant coworkers. 
Although many virtual teams are ongoing collaborations, virtual teams are often 
created as joint ventures with a discrete life cycle to fix a particular non-routine 
problem. Time pressure is often an integral part of work for these teams. These 
teams need to perform optimally right at the beginning of their existence as a 
virtual team. The present results may also be used for the design and 
development of training programs for such time-pressured teams (for a more 
elaborate discussion, see § 5.4.2).  

In chapter 2, the importance was stressed of having shared knowledge 
structures in place to help virtual teams to maintain an ongoing awareness of the 
situation, the task, and the team. An implication of this finding is that training 
should emphasize the need to create and reinforce awareness of others and their 
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work. Team members should learn to explicate goals and progress, request 
information from team members, alert others regarding their own activities, and 
explain themselves and their contexts (Thompson & Coovert, 2006). 

An important lesson for virtual teams is that the evidence-based insights from 
the present research can be used to help these teams, their leaders, and the 
organizations that implement them to make informed decisions on when and 
whether to engage in distributed collaboration. For example, despite the obvious 
benefits associated with groupware, chapter 4 demonstrated that groupware 
should be chosen with caution. For teams that share no prior experience and 
expect no future interaction, sometimes called ad hoc teams, a distributed setting 
is perhaps not the most appropriate communication environment. These teams 
should consider working together face-to-face. In comparison, for teams that 
meet on a more regular basis and anticipate continued ongoing future interaction, 
the benefits associated with distributed collaboration combined with prolonged 
experience most likely outweigh the limitations of their communication setting. 
These teams should consider, however, having at least one informal mediated 
meeting to familiarize themselves with the communication medium prior to their 
work as a virtual team on the actual topic that makes up the reason for their 
existence. Moreover, there is some evidence that informal meetings can ease 
potential fear or awkwardness of entrance into teleconference teams. Such 
meetings can also give virtual teams the opportunity to review collaborative 
goals while encouraging informal social contact to facilitate mutual 
understanding and trust (Armstrong & Cole, 2002; Schopler, Abell, & Galinsky, 
1998).  
 

5.3 Limitations and Strengths of the Present Research 
 
The research reported in this dissertation aimed at solving a specific problem 
with practical relevance: How to make virtual teams work? However, the 
empirical studies reported in this dissertation have some limitations that need to 
be taken into account in generalizing our findings to naturally occurring virtual 
teams (for a more elaborate discussion, see § 3.4.2 and 4.4.3). One potential 
limitation of the present research is that the teams tested consisted of no more 
than three participants. Some might argue that this limits the generalization of the 
results of this dissertation to small teams. This assertion is based on the finding 
that for teams of more than three members the regulation of conversational 
behavior and the need for coordination becomes more important, especially in 
distributed settings (Doherty-Sneddon, O’Malley, Garrod, Anderson, Langton, & 
Bruce, 1997; Hancock & Dunham, 2001; Sellen, 1995; Werkhoven, Schraagen, 
& Punte, 2001). For example, Suwita, Böcker, Mühlbach, and Runde (1997) 
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found that an increase in the number of participants in a video-teleconferencing 
setting had an effect on the regulation of nonverbal behavior. The experiment 
showed that with four participants there was more uncertainty as to whom was 
being addressed, more uncertainty in terms of who was listening, and there were 
more observed difficulties in turn taking than with two participants. Thus, the 
larger the groups are, the larger the problems become. The implication of this 
finding is that with smaller groups it is more difficult to demonstrate the perils of 
distribution. Consequently, showing that problems of distribution emerge in 
small teams performing their collaborative task, as was done throughout this 
dissertation, demonstrates these problems are fundamental to virtual teams, 
whether small or large. Thus, there really is no problem in generalizing the 
results to other settings and populations. 

The present research has several other strengths that reinforce its findings. 
One of these strengths concerns the nature of the research reported herein. The 
present research was conducted in an experimental laboratory setting. The 
laboratory offers several advantages (see Elmes, Kantowitz, & Roediger, 1992). 
First, the laboratory affords an opportunity to study distributed teamwork more 
clearly than the workplace, where a number of uncontrolled factors, such as 
differences in interpersonal cohesion or competencies, could mask or alter the 
effects of distribution on teamwork. Second, the findings from a controlled 
laboratory setting may have more force than similar findings obtained in the 
workplace. Showing that certain strategies enable virtual teams to overcome the 
negative effects of distribution when performing a simple laboratory task, 
suggests that these strategies are even more crucial for enhancing performance of 
naturally occurring virtual teams.  

Laboratory research has also met with some criticism (Driskell and Salas, 
1992). It has been posed that   

• laboratory research is sterile and artificial,  
• results are unique to the specific test setting and may not generalize to the 

real world,  
• the theories and concepts are too abstract, and  
• research conducted is often simply common sense and of questionable 

practical value.  
However, I agree with Driskell and Salas that these statements are misleading 
and incorrect. Especially for testing hypotheses about the real world, the artificial 
laboratory is the most appropriate setting in which to conduct research. The 
greater the control of extraneous variables, and the greater the artificiality of the 
setting in terms of isolating only those variables relevant to the hypothesis being 
tested, then the greater the confidence we have that we have provided a clear test 
of the theory. However, this does not mean that real-life tests will not be 
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necessary. When we attempt to apply the theory to a real-world setting, the 
realism of the setting in which the application or intervention is conducted 
becomes more critical (Driskell & Salas, 1992). Moreover, one must keep in 
mind that specific media that incorporate different degrees of visibility, 
audibility, contemporality, simultaneity, sequentiality, reviewability, and 
revisability may cause effects that were not seen owing to the communication 
settings chosen for the studies that are reported in this dissertation (Clark & 
Brennan, 1991; Thompson & Coovert, 2003; for a more elaborate discussion on 
the characteristics of communication settings, see also § 1.4.1). Future research 
should address the relative potential of these communication-setting 
characteristics in supporting virtual teams. More directions for future research are 
discussed in the following section. 
 

5.4 Directions for Future Research 
 
As outlined in the introduction, three strategies were explored in this dissertation. 
In the literature several other ideas are emerging on how to achieve high 
performance in virtual collaborations. These might also be valuable to virtual 
teams, their leaders, organizations that implement them, and practitioners. 
Examples include ideas concerning virtual leadership, training and selection, 
teambuilding, and team composition. Most of these ideas remain largely untested 
and are deficient in providing a proper theoretical understanding of how 
teamwork is optimized, making their practical value limited. Nonetheless, given 
the importance of virtual teams, all ideas for improving virtual team effectiveness 
should be considered as fruitful avenues for future empirical research. Therefore, 
in the following subsections, I will briefly discuss three such ideas.   
 

5.4.1 Do Virtual Teams Need to Incorporate Face-to-Face Meetings into Their 
Routines? 

 
Most descriptions of virtual teams acknowledge that ongoing distributed 
teamwork involves some level of face-to-face interaction (Kirkman, Rosen, 
Tesluk, & Gibson, 2004; Hertel, Geister, & Konradt, 2005). This has an 
important reason: Face-to-face interaction is critical to achieving organizational 
outcomes (Connaughton & Daly, 2004). A broad range of studies shows that 
when people have the ability to conduct face-to-face discussions, group 
commitment, socialization, and control are improved. People can use the full 
range of linguistic, paralinguistic, and nonverbal behaviors to communicate and 
coordinate when physically collocated (Kiesler & Cummings, 2002; Kraut, 
Fussell, Brennan, & Siegel, 2002). Furthermore, it is possible to use deictic 
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gestures (i.e., pointing) to refer quickly and easily to people, locations, and 
objects, and, because face-to-face communication is produced in real time, 
speakers have direct feedback on how their message is being understood as it is 
being delivered. Consequently, misunderstandings and conflicts among team 
members, as well as other problems, can be repaired more efficiently. Maznevski 
and Chudoba (2000), for example, found that face-to-face meetings provided a 
“heartbeat,” or continuity, and an important structure for the virtual teams that 
they studied. A burst of communication preceded and followed the scheduled 
face-to-face meetings as team members respectively prepared for the meeting, 
confirmed what was decided on in the meeting, and performed on what they had 
agreed. Thus, given the importance of face-to-face interaction, a potential 
challenge for virtual teams becomes how to incorporate face-to-face meetings 
into their routines (Connaughton & Daly, 2004).  

Alternatively, it is possible that in time and with careful management, 
technological substitutes will provide the same critical routine as face-to-face 
meetings. Take Internet chat for example. Thompson and Coovert (2006) argue 
that chat rooms can be a viable alternative for teams lacking the resources to hold 
face-to-face meetings. Chat allows people to have a real-time conversation, either 
between two people or in chat rooms between more people at the same time. 
Nardi and Whittaker (2002) suggested that chat could aid in developing a sense 
of social connection and awareness, and stimulate impromptu, or water-cooler 
conversations that nurture understanding and trust.  

Zheng, Bos, Olson, and Olson (2001) and Zheng, Veinott, Bos, Olson, and 
Olson (2002) found that team members who were unable to meet face-to-face but 
rather engaged in chat-based conversations to be acquainted with each other 
before collaborating demonstrated more trust than teams who did not hold such 
meetings. In addition, Zheng et al. (2002) demonstrated that, when it is not 
possible to hold a kick-off meeting (i.e. the first meeting with the team members 
to discuss the work that needs to be completed), it is valuable to present a 
photograph of each distributed team member in the chat room to promote 
interpersonal trust. In contrast to the static presentation of biographical 
information of fellow team members, Zheng et al. (2002) argue that a photo 
improves the building of trust because the visual identification emphasizes 
interlocutor’s humanity and implies accountability (i.e., one can be visually 
recognized by their fellow team members in the future). Future research, 
however, is required in this area before clear mechanisms emerge on how to 
incorporate face-to-face meetings, or alternatives like chat meetings, into the 
routines of virtual teams. 
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5.4.2 Is Special Training Needed to Perform in Virtual Teams? 
 
As mentioned earlier, sometimes teams need to be trained before beginning their 
actual work (see also § 5.2). The objective of any training system is to change the 
competencies of the trainees so they can perform their tasks more effectively and 
efficiently. It is important to know what constitutes good team-task performance, 
and by which factors this is influenced. With this knowledge, designing adequate 
team training is easily possible, resulting in effective team performance.  

It has been argued that the competencies that are essential for face-to-face 
teams to perform in an optimal manner are also crucial for the well-being of 
virtual teams (Hertel et al, 2005). This means that, foremost, virtual teams need 
to be trained as teams before advancing as virtual teams. Several team skills, 
team knowledge, and team attitudes emerge from the research literature that 
contribute to effective team performance of teams in general (for a more detailed 
description and discussion of these competencies, see Salas, Burke, & Stagl, 
2004). Future research should advance our understanding of which additional 
team competencies, if any, contribute to effective performance in virtual teams. 
For example, some argue that the nature and characteristics of virtual teams 
require training of communication skills, and skills and knowledge that enable 
team members to operate available groupware (Cascio, 2000; Hertel et al, 2005; 
Horvath & Tobin, 2001; Knoll & Jarvenpaa, 1998).  
 

5.4.3 Do Leaders Need Special Skills to Lead Virtual Teams? 
 
In virtual teams, the ability of leaders to monitor team-member performance and 
to implement solutions to work problems is limited (Bell & Kozlowski, 2002). 
When managing collocated teams, problems can be quickly perceived and 
remedial actions can be promptly taken. In virtual teams, for example due to the 
enhanced autonomy of workers, problems take longer to detect and solutions take 
longer to implement. Davis (2004) argues that distance amplifies dysfunction 
(see also Cascio & Shurygailo, 2003). The virtual leader is unable to meet one-
on-one with problem members and is unable to communicate messages that he or 
she might not wish recorded (Kayworth & Leidner, 2002).  

It has been proposed that the nature and characteristics of virtual teams 
require effective distanced and distributed forms of leadership (Fair, 
Connaughton, & Daly, 2004). Distanced leadership implies a leader that is 
geographically separated from the team. Distanced leadership often implies 
distributed leadership as well. Distributed leadership involves the sharing of 
leadership roles and activities between leader and team members (Bell & 
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Kozlowski, 2002; Brown & Gioia, 2002; Cascio & Shurygailo, 2003; Hertel et al, 
2005; Priest, Stagl, Klein, & Salas, 2006; Zaccaro, Ardison, & Orvis, 2004).  

Although the notion is appealing that in virtual teams leaders are confronted 
with completely new challenges, some researchers argue that leadership issues 
will remain more or less the same in virtual teams: Leaders will still be 
confronted with the same problems and must be competent in the same 
leadership activities as effective leaders in face-to-face teams (Fisher & Fisher, 
2001; Kayworth & Leidner, 2002; Brown & Gioia, 2002). These researchers 
have argued that the difference is that leadership functions need to be executed 
with different methods and within the more complex and dynamic environment 
of virtual teams. To test this assumption, Kayworth and Leidner created and 
observed 13 global virtual teams each composed of five to seven members. They 
found that the core attributes of virtual leadership effectiveness did not appear to 
vary significantly from what would be expected of traditional teams. However, 
the emphasis of certain roles did differ significantly between virtual and face-to-
face settings. Thus, although taking care of team members and maximizing team 
member satisfaction is important in collocated settings, it may take on added 
importance in a virtual setting. Clearly, more research is needed to more fully 
understand whether leaders need special skills to lead virtual teams or not. 
 

5.5 Concluding Remarks 
 
Virtual teams are in many ways comparable to traditional collocated teams. In 
both cases, members need to share information, develop effective interpersonal 
relationships, coordinate their work, and build a strong team with clear goals and 
responsibilities. However, there is one important difference. In most situations, 
virtual teams need to collaborate under less than optimal conditions. Temporal 
and spatial dispersion and inadequate groupware unable to bridge time and space 
are all recipes for disaster. At the same time, the distributed nature of these teams 
brings a number of benefits about that make them attractive to a wide range of 
public and private organizations. For example, teams are no longer tied to one 
specific location and time zone. Moreover, teams can accommodate the best 
professionals for the task regardless of their physical or organizational location.  

For these reasons, I concur with Picherit-Duthler, Long, and Kohut (2004) 
that virtual teams are the future for most organizations. It is safe to say that 
virtual teams are not just the current organizational fad that is in fashion today 
and out of season tomorrow. Instead, to paraphrase Picherit-Duthler, et al., virtual 
teams are here to stay. So, we should better be prepared to deal with this change. 
The challenge is, and will remain as new groupware finds its way to the market, 
how to combine the growing opportunities of groupware with the benefits of 
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traditional teamwork, to overcome the limitations of temporal and spatial 
dispersion.  

The present research shows that the limitations of dispersion can be 
overcome. By providing the proper groupware and time to adjust to their 
distributed setting, virtual teams are able to overcome challenges to virtual team 
effectiveness, such as failures to develop effective interpersonal relationships, 
communication mishaps, and a lack of awareness of teammates’ endeavors. 
Moreover, this dissertation suggests that instead of investigating how virtual 
teams fail, future empirical research should focus on exploring ideas on how to 
achieve high performance levels in virtual collaborations. This should lead to the 
future development of innovative and workable concepts for the organization of 
distributed teamwork and state-of-the-art groupware. Overall, this dissertation 
provides a critical step towards a better understanding of how to make effective 
work teams with people and collaborative technologies in distributed settings, 
now and in the future. 

 
 





 
 
 

Summary 
 
 
This dissertation focuses on virtual teams. A virtual team, also known as a 
distributed team, is a team of people who are to some extent dispersed in time 
(e.g., shift workers) and across different geographical locations, to work on a 
common project using communication and information technologies. Virtual 
teams have a number of benefits that make them attractive to a wide range of 
public and private organizations. For example, virtual teams can be composed of 
the best professionals for the task regardless of their physical location, thus 
potentially enhancing the quality of the distributed teamwork. Furthermore, 
virtual teams enable global organizations that span time zones to operate around 
the clock, leading to considerable timesavings.  

Notwithstanding these benefits, distributed teamwork is not without its 
difficulties. Research suggests that these teams encounter all the problems of 
traditional teams in collocated settings in addition to other problems specific to 
their dispersed nature. Communication in virtual teams is often unclear and 
infrequent due to difficulties in transmitting all the sources of information 
available in face-to-face conversations. Moreover, dispersion has the potential to 
prompt dysfunctional conflict, induce social isolation, and undermine trust, 
commitment to the team, cohesion, and satisfaction. In virtual teams, it also 
becomes more difficult to have an ongoing awareness of other team members’ 
endeavors and to maintain a common picture of the problem at hand. Without 
some sort of knowledge of the progress of particular team tasks, what fellow 
workers are doing, who is communicating with whom, what equipment is out of 
order, and so forth, it becomes difficult, or even impossible, to engage in 
coordinated teamwork. 

The purpose of the present dissertation is twofold: first, to increase knowledge 
about the benefits and difficulties of distributed teamwork, and, second, to 
contribute to a better understanding of how to make effective work teams in 
distributed settings.  

Chapter 1 reviews the literature on virtual teams and describes the challenges 
of distributed teamwork. The review also points to several promising strategies 
that should enable virtual teams to counter the negative effects of dispersion. 
These strategies are (a) matching communication media capabilities to the 
fundamental communication processes required to perform the task and the 
situation in which the team members have to interact; (b)  allowing teams to 
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adapt to environmental opportunities and constraints; and (c) helping teams to 
maintain awareness of the situation, task, and team during distributed meetings. 
For each of these strategies the review discusses the theoretical underpinnings 
and offers ideas for how to implement them in practice. The review concludes 
that there is a need for controlled experimental studies to acquire deeper 
knowledge and understanding of the strategies identified. This should enable the 
design of successful virtual teams and technical support structures that combine 
the benefits of conventional teams with those of virtual teams.  

Chapter 2 reports an experiment testing how team processes and outcomes 
differ as a function of the team’s communication environment, and how these 
processes change over time. The goal is to explore the impact of geographical 
dispersion on teamwork and the nature of the constraints imposed when one has 
to communicate over a communications network. The longitudinal design helps 
to explain how teams adapt over time to distribution and the technological facets 
of the communication environment.  

Chapter 2 shows that compared to face-to-face communication, distributed 
video-teleconferencing teams take fewer turns, require more time for turns, and 
interrupt each other significantly less. The interaction process in video-
teleconferencing teams looks more formal, “lecture-like” with long turns: 
Listeners appear to be more polite, waiting for a speaker to finish before making 
their conversational contribution. These results illustrate that video-
teleconferencing technologies are to some extent attenuating the visual cues that 
are considered important for coordinating turn taking during face-to-face 
communication.  

The longitudinal design shows the importance of allowing teams time to gain 
experience with its tasks, as a team, and with its communication media. The 
results demonstrate that over time the communication patterns in virtual teams 
approximate those of conventional teams, suggesting that virtual teams adapt to 
the newness and limitations of their communication environment. Likewise, it is 
interesting to note that over time teams in both communication conditions need 
less conversation to complete the task. This indicates that team members develop 
shared knowledge structures about the task, roles, and responsibilities. 
Consequently, team members are able to anticipate the informational needs of 
fellow team members and provide relevant information before being asked to do 
so. This result stresses the importance of implementing technologies, procedures, 
or both that can help teams to maintain an ongoing awareness of the situation, 
task, and team. However, no differences are present between conditions on team 
task performance. Moreover, performance does not increase over time as teams 
gain experience with the task, team, and their communication setting. Teams are 
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able to maintain comparable performance scores across communication 
conditions in spite of differences in communication processes. 

Chapter 3 replicates the longitudinal approach as described in chapter 2. 
However, this experiment uses a task that requires a rich communication channel 
and has the potential to induce differences in performance under different 
communication environments. Results show that geographical dispersion of team 
members hinders teamwork. Collocated teams perform significantly better than 
distributed video-teleconferencing teams. These differences between 
communication conditions in favor of the face-to-face teams, however, disappear 
after several test sessions. While face-to-face teams remain constant in their 
performance over time, video-mediated teams get better as they gain experience. 
This indicates that virtual teams, through increased experience, are able to 
compensate for initial constraints due to their dispersed nature and the newness 
and technological limitations of their communication medium.  

This finding has a serious implication for the design of collaborative tools, 
often labeled as groupware. It means that companies that build groupware and 
their designers could run the risk of devoting time, effort, and financial resources 
to the development of innovative solutions to non-problems: problems that 
diminish in time as people learn effective practices to adapt to the technologies 
available to them. This finding is also relevant for the training of virtual teams. 
Rather than developing and delivering expensive training sessions, the results 
show that virtual teams that have recurring tasks and anticipate continued future 
interaction, so called ongoing or standing teams, should simply be allowed to 
learn and adapt while performing their task. 

Chapter 4 describes an experiment comparing a rudimentary and a more 
sophisticated communication environment to collocated face-to-face meetings. 
The goal of this experiment is to assess the relative effectiveness of different 
communication environments to support distributed teamwork. Teams in this 
experiment perform a complex planning task that requires team members to share 
information, to generate ideas, and to reach consensus on their plan. In the 
rudimentary communication condition, participants are located in different rooms 
and communicate through push-to-talk radios, similar to a police dispatcher’s 
radio. Teams working in the sophisticated communication environment 
collaborate over a networked computer system allowing them to share the written 
plan, work in parallel, and exchange in real time audio as well as video. 

The results support the hypothesis that virtual teams can perform as well as 
face-to-face teams. No differences are present between face-to-face teams and 
teams working in the sophisticated communication environment on process and 
outcome measures, except for the quantity of performance: The sophisticated 
communication environment enables teams to work on the task more rapidly than 
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their face-to-face counterparts. This finding indicates that virtual teams should 
not choose their communication media haphazardly. It appears that combining 
communication capabilities that are most useful for a given situation enables 
virtual teams to offset some of the negative effects of geographical distribution. 
Furthermore, the results show that face-to-face communication is not a 
prerequisite for teams to perform well. 

Chapter 4 also examines the effects of time pressure, a typically defining 
characteristic of many contemporary virtual teams. Chapter 4 shows that time 
pressure harms the planning process of teams, whether distributed or collocated, 
and, subsequently, how well the team performs. It appears that teams that 
cooperate with each other under high time pressure work on the task more 
rapidly, but at the cost of lower performance quality. Apparently, the increase in 
performance rate is the consequence of coping strategies to deal with the 
disadvantageous aspects of time pressure.  

Chapter 5 summarizes the main findings, indicates the links between the 
successive experiments, and discusses the potential practical implications: This 
dissertation can be used to help teams, their leaders, and the organizations that 
implement virtual teams to make informed decisions on when and whether to 
engage in distributed collaboration. Likewise, this dissertation contributes to the 
future development of innovative and workable concepts for the organization of 
distributed teamwork. It also helps designers to construct state-of-the-art 
groupware that combines the benefits of traditional collocated teams with those 
of virtual teams. The challenge is, and will remain as new groupware finds its 
way to the market, how to combine the growing opportunities of groupware with 
the benefits of virtual teams.  

Chapter 5 concludes that this dissertation provides a critical step towards a 
better understanding of how to make effective work teams in virtual 
environments. An important contribution of the present research is that it shows 
that it is possible to overcome the limitations of geographical dispersion that 
hinder the widespread adoption of virtual teams as a means of creating a 
competitive advantage. By providing the proper groupware and time to adjust to 
their distributed setting, virtual teams are able to produce work that is 
indistinguishable in quantity and quality from comparable face-to-face teams. 
Chapter 5 maintains that virtual teams are the future for most organizations. It is 
safe to say that virtual teams are not just the current organizational fad that is in 
fashion today and out of season tomorrow. Virtual teams are here to stay.  
 



 
 
 

Samenvatting  
 
 
Dit proefschrift gaat over virtuele teams. Een virtueel team is een team waarvan 
de leden elkaar niet of zelden in levenden lijve ontmoeten, bijvoorbeeld omdat de 
teamleden verschillende werktijden hebben of op verschillende vestigingen van 
een organisatie werken. Anders dan reguliere teams zijn virtuele teams in grote 
mate afhankelijk van informatie- en communicatietechnologie. Een voorbeeld 
van een virtueel team is een ontwerpteam dat binnen een multinationaal bedrijf 
een nieuwe productlijn ontwikkelt vanaf verschillende locaties door gebruik te 
maken van e-mail en videovergaderingen.   

Virtuele teams hebben eigenschappen die hen aantrekkelijk maken voor 
allerlei organisaties. Teamleden kunnen op basis van competenties worden 
geselecteerd, ongeacht hun fysieke locatie binnen een bedrijf. Hierdoor kan de 
kwaliteit van het werk sterk toenemen. Virtuele teams stellen organisaties die in 
verschillende tijdzones opereren bovendien in staat om klokrond te functioneren. 
Dit kan leiden tot aanzienlijke besparingen in de looptijd van projecten. Ook voor 
de individuele werknemer heeft het werken in virtuele teams voordelen. Er is 
minder noodzaak om te reizen waardoor bijvoorbeeld fileleed kan worden 
beperkt. Ook is gebleken dat onderlinge statusverschillen door elektronische 
communicatie vaak minder een rol spelen. Dit kan de kwaliteit van de 
samenwerking verbeteren.  

Ondanks de vele voordelen van samenwerken op afstand is gebleken dat 
virtuele teams ook specifieke problemen ondervinden die de wijdverbreide 
toepassing hinderen. In virtuele teams is het minder gemakkelijk om samen te 
werken en informatie uit te wisselen. Wanneer teamleden samenwerken vanuit 
dezelfde locatie, ook wel direct contact genoemd, krijgen sprekers meteen 
feedback over de mate waarin hun boodschap is begrepen. Bovendien kunnen zij 
gebruik maken, al dan niet bewust, van non-verbale gedragingen, zoals het 
maken van oogcontact. Informatie- en communicatietechnologie maken het 
moeilijker om alle signalen die aanwezig zijn tijdens direct contact goed over te 
brengen. Wanneer virtuele teamleden gebruik maken van bijvoorbeeld de 
telefoon om voor hun werk contact te onderhouden en te overleggen met anderen 
op afstand, zijn zij zich nauwelijks bewust van non-verbale signalen en de 
fysieke omgeving waarin hun gesprekspartners zich bevinden. Dit kan leiden tot 
misverstanden, het afleveren van slecht werk, en zelfs tot onderlinge conflicten. 
In virtuele teams is het bovendien lastig om kennis op te doen over de voortgang 
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van de taken, de activiteiten van teamgenoten, wie met wie communiceert, welke 
apparatuur buiten werking is, enzovoort. Hierdoor is het moeilijker, zo niet 
onmogelijk, om de werkzaamheden binnen het team te coördineren.  

De doelstelling van dit proefschrift is tweeledig: Ten eerste, de voordelen van 
virtuele teams in kaart brengen evenals de problemen die deze teams kunnen 
ondervinden. Ten tweede, onderzoeken welke manieren er zijn om mogelijke 
problemen tegen te gaan om zodoende de effectiviteit van virtuele teams te 
vergroten.  

Hoofdstuk 1 onderzoekt de literatuur over virtuele teams en schetst de 
uitdagingen van gedistribueerd samenwerken. Dit literatuuronderzoek kijkt ook 
naar mogelijke strategieën om de effectiviteit van virtuele teams te vergroten. 
Drie veelbelovende strategieën worden onderkend. Het is belangrijk voor virtuele 
teams dat zij de beschikking hebben over (a) geschikte informatie- en 
communicatietechnologie en (b) een goed zicht op wat zich bij de andere 
teamleden afspeelt. Ook is het van belang dat zij (c) de ruimte hebben voor leer- 
en gewenningsprocessen. Van deze strategieën worden de theoretische 
grondslagen besproken en de implicaties voor de praktijk. Het 
literatuuronderzoek concludeert dat er een noodzaak is voor gecontroleerde 
empirische studies om meer kennis te verkrijgen over deze onderkende 
strategieën. Dit maakt het mogelijk om succesvolle virtuele teams te ontwerpen 
en informatie- en communicatietechnologie te bouwen die de voordelen van 
reguliere teams combineren met die van gedistribueerd samenwerken.  

Hoofdstuk 2 rapporteert een experiment dat onderzoekt hoe teamprocessen en 
-uitkomsten verschillen als functie van de communicatieomgeving waarin het 
team werkt. Dit experiment test bovendien hoe deze processen veranderen over 
de tijd. Het experiment heeft als doel om inzicht te verkrijgen in de aard van de 
beperkingen die worden opgelegd aan het team wanneer de leden moeten 
communiceren over een communicatienetwerk. De longitudinale opzet van het 
experiment maakt het bovendien mogelijk om te onderzoeken hoe teams zich 
aanpassen aan de gedistribueerde situatie en de communicatietechnologie die zij 
gebruiken om te kunnen communiceren.  

Het experiment laat zien dat virtuele teams die communiceren door 
videovergaderingen minder beurten gebruiken, meer tijd nodig hebben per beurt, 
en elkaar minder vaak interrumperen dan reguliere teams die samenwerken 
vanuit dezelfde locatie, ook wel face-to-face teams genoemd. De communicatie 
verloopt meer gekunsteld dan bij face-to-face teams en heeft veel weg van het 
houden van spreekbeurten: De teamleden zijn erg beleefd en wachten tot een 
spreker is uitgepraat voordat zij het gesprek overnemen. Dit laat zien dat een 
videoverbinding de signalen verzwakt die belangrijk zijn voor het reguleren van 
het gesprek tijdens direct contact.  
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Het longitudinale karakter van dit onderzoek toont aan dat het belangrijk is 
om virtuele teams ruimte te laten om te wennen aan hun taken, het team, en de 
informatie- en communicatietechnologie. Na verloop van de tijd benaderen de 
communicatiepatronen in virtuele teams die van face-to-face teams. Dit 
demonstreert dat virtuele teams zich aanpassen aan de nieuwheid en beperkingen 
van hun communicatieomgeving.  

De resultaten laten bovendien zien dat teams, ongeacht de 
communicatieconditie waarin zij zitten, steeds minder communicatie nodig 
hebben om hun taken uit te voeren. Dit impliceert dat teamleden een gedeeld 
begrip ontwikkelen over de taken, de rollen en verantwoordelijkheden binnen het 
team. Hierdoor zijn teamleden in staat om beter te anticiperen op de 
informatiebehoefte van mede teamgenoten, bijvoorbeeld door relevante 
informatie te geven voordat hierom moet worden gevraagd. Dit resultaat 
onderstreept het mogelijke belang van hulp bij het opbouwen van een gedeeld 
begrip over de situatie, taak en team.  

De resultaten laten echter geen prestatieverschillen zien tussen de beide 
communicatiecondities. Ook neemt de prestatie niet toe wanneer teams ervaring 
opdoen met de taken, het team, en de informatie- en communicatietechnologie 
die zij tot hun beschikking hebben. Ondanks de aanwezige verschillen in 
communicatieprocessen tussen condities, leidt dit dus niet tot 
prestatieverschillen. Mogelijk is de taak te eenvoudig waardoor teams in het 
begin van het experiment al maximaal presteren.  

Hoofdstuk 3 herhaalt de longitudinale aanpak zoals die hierboven is 
beschreven. Dit experiment gebruikt echter een taak die in staat is om verschillen 
in taakprestatie onder verschillende communicatiecondities aan te tonen. De 
resultaten laten zien dat geografische spreiding van teamleden het samenwerken 
belemmert. Face-to-face teams presteren beduidend beter dan gedistribueerde 
teams die communiceren door een videoverbinding. De verschillen tussen beide 
communicatiecondities verdwijnen echter na een aantal bijeenkomsten. De 
prestatie van virtuele teams verbetert over de tijd terwijl de prestatie van face-to-
face teams naar verhouding constant blijft. Dit laat zien dat virtuele teams door 
het opdoen van ervaring in staat zijn om te compenseren voor de opgelegde 
beperkingen als gevolg van hun gedistribueerde aard en de nieuwheid van het 
communicatiemedium.  

Deze bevinding heeft implicaties voor het ontwerp van hulpmiddelen die 
samenwerkingsprocessen ondersteunen, ook wel groupware genoemd. 
Voorbeelden zijn software die brainstormsessies ondersteunt of een gedeelde 
digitale agenda op het internet. Maar ook een ouderwetse informatiezuil of 
prikbord in een fabriekshal waar wordt samengewerkt over ploegendiensten heen 
zijn voorbeelden van groupware. Hoofdstuk 3 toont aan dat de ontwerpers van 
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groupware het risico lopen om tijd, moeite en geld te investeren in het bedenken 
van innovatieve oplossingen voor non-problems: Problemen die vanzelf 
verdwijnen wanneer de gebruikers door het opdoen van ervaring effectieve 
manieren bedenken om te compenseren voor de opgelegde beperkingen. Ook 
voor het ontwikkelen van training is het van belang rekening te houden met het 
aanpassingsvermogen van virtuele teams. In plaats van het ontwikkelen en geven 
van kostbare trainingen, laten de resultaten zien dat in bepaalde situaties het 
volstaat om teams te laten leren in de praktijk.  

Hoofdstuk 4 beschrijft een experiment waarin een eenvoudige en een 
geavanceerde communicatieomgeving worden vergeleken met face-to-face 
bijeenkomsten. Het doel van dit experiment is het beoordelen van de 
geschiktheid van verschillende communicatieomgevingen in het ondersteunen 
van gedistribueerd samenwerken. Teams in dit experiment voeren een taak uit die 
van hen vereist dat zij informatie delen, brainstormen, en consensus bereiken 
over een gezamenlijk plan van aanpak. In de eenvoudige communicatieconditie 
communiceren virtuele teams door een radiotelefooninstallatie die te vergelijken 
is met de mobilofoon die politie, brandweer en ambulancediensten gebruiken 
voor het onderhouden van de verbindingen met een basisstation en tussen de 
voertuigen onderling. Met deze installatie kunnen teamleden naar elkaar 
luisteren, maar zij kunnen ook, door middel van het indrukken van een knop, zelf 
iets zeggen. Op het moment dat de knop is ingedrukt, kun je de ander echter niet 
horen. Teams in de geavanceerde communicatieconditie werken in een 
netwerkomgeving die de teamleden in staat stelt om tegelijkertijd aan het 
geschreven plan te werken en te communiceren via een audio- en 
videoverbinding.  

De resultaten ondersteunen de hypothese dat virtuele teams net zo goed 
kunnen functioneren als face-to-face teams. Er zijn geen verschillen tussen 
virtuele en face-to-face teams, behalve voor de snelheid waarmee het werk wordt 
uitgevoerd: De netwerkomgeving stelt virtuele teams in staat om de taak 
efficiënter uit te voeren dan face-to-face teams. Dit laat zien dat virtuele teams 
een doordachte keuze moeten maken over de communicatiemedia die zij als team 
gaan gebruiken, vooral als direct een goede prestatie moet worden neergezet en 
er geen tijd is voor leer- en gewenningsprocessen. De resultaten laten ook zien 
dat face-to-face communicatie geen voorwaarde is om als team goed te 
functioneren. Het combineren van relevante informatie- en 
communicatietechnologie kan virtuele teams dus een voordeel geven ten opzichte 
van face-to-face teams.  

Hoofdstuk 4 onderzoekt ook de effecten van tijdsdruk op het 
teamfunctioneren. Tijdsdruk is een kenmerk van veel hedendaagse virtuele 
teams. Hoofdstuk 4 laat zien dat tijdsdruk een negatief effect heeft op het 
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planningsproces en de prestatie, ongeacht of de teamleden geografisch verspreid 
zijn of dat zij zich op dezelfde locatie bevinden. De resultaten laten zien dat 
teams onder tijdsdruk sneller gaan werken, maar dat dit tegelijkertijd ten koste 
gaat van de kwaliteit van het werk. Dit lijkt het gevolg te zijn van 
aanpassingsstrategieën die teams in staat stellen om te functioneren onder 
tijdsdruk.  

Hoofdstuk 5 geeft een samenvatting van de belangrijkste resultaten en legt 
verbindingen tussen de opeenvolgende experimenten. Hoofdstuk 5 bespreekt ook 
de praktische implicaties van de resultaten: Dit proefschrift kan teams, 
teamleiders en bedrijven die virtuele teams willen implementeren, helpen bij het 
nemen van beslissingen over wanneer en hoe het werken in virtuele teams de 
meest geschikte samenwerkingsvorm is. Bovendien kan dit proefschrift bijdragen 
aan de toekomstige ontwikkeling van innovatieve en werkbare concepten voor de 
organisatie van samenwerken op afstand.  

Hoofdstuk 5 concludeert dat dit proefschrift een belangrijke stap is in het 
verkrijgen van meer inzicht in de mogelijkheden om de effectiviteit van virtuele 
teams te vergroten. Een belangrijke bijdrage van het huidige onderzoek is dat het 
laat zien dat de beperkingen van gedistribueerd samenwerken die de 
wijdverbreide toepassing van virtuele teams hinderen, zijn te overkomen. Door 
een combinatie van relevante groupware en ervaring met samenwerken op 
afstand, kunnen virtuele teams werk produceren dat qua kwaliteit en hoeveelheid 
vergelijkbaar is met het werk van face-to-face teams. Het lijkt er dan ook op dat 
virtuele teams geen modeverschijnsel zijn. Virtuele teams zijn de toekomst.  
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