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Chapter 1

Chapter 1

I ntroduction and theor etical framework

I ntroduction

Imagine an infantry platoon that is searching llage for weapons or materials
that can be used for making Improvised Explosiveites (IEDs). When the platoon enters
the village, it will not be clear if there are pémpwnith hostile intentions among the
civilians. The platoon splits up into four squadsorder to search the village. While one
squad is talking to local police officers, otheruads are searching houses and other
buildings. The squads are able to coordinate #etions because they use radio and digital
information tools to communicate and share infofomatwvith each other. This makes it
possible for squads to make effective use of infdgiom that is obtained from police
officers or civilians, deliberate possible coursésction with the platoon commander, or
ask for assistance in case they encounter hasiliCommunication media help dispersed
squads in these situations to accomplish theirstasftectively, and enable them to
anticipate on the actions and needs of other squads

This example clearly shows that distributed militaeams have to operate
decentralized. This means that teams have the réiythm adapt their actions in response to
emerging situations, for instance to respond tohthstile acts of the enemy by returning
fire. Teams are allowed to respond to situatiomanges without direct supervision from
higher organizational levels. Theoretical foundatid decentralization is sought in systems
theory and complexity science (see, for exampleff&lo2003), and theorists refer to the
concepts of emergence and self-synchronizationgi#db® Hayes, 2003; 2006; Atkinson &
Moffat, 2005; Kaufman, 2004). Emergence refers twtdm-up processes in which
behaviours of individuals are amplified by intefant with others, and lead to collective
action. Self-synchronization is used in theory adern military operations to describe the
alignment of actions of teams without direct cohfrom the higher level.

Military operations have a strong focus on establig coordinated action.
Coordination is needed when dispersed units hawsltaborate in complex and dynamic
environments where actions have to be adapted éogéng conditions. Military operations
are ‘tight’ by nature, as the activities of onetudirectly affect the activities of other units.
Therefore, coordination of actions by several uisitsecessary. The coordination of actions
of different units is intended to create a synecgeffect on combat power, leading to
competitive advantage in military operations (AlserGartska, & Stein, 1999). This
creation of synergy, called synchronization, hasobg&e an essential part of military
doctrine (Alberts & Hayes, 2006; Kirin, 1996; Urdt&ingdom Joint Warfare Publication,
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3-63, 2003). Synchronization refers to the arrargygnof actions in time and space, where
‘space’ does not only refer to the physical dontaih also to the alignment of actions in
information, cognitive, and social domains (Albettal., 1999). Synchronization of the
contributions of dispersed teams is aimed at spgedp decision-making processes, the
effective use of resources, and ultimately incregsihe effectiveness of military
operations.

Similar to other organizations, military organipais seek to exploit the benefits
that advanced information and communication teabmloffers for synchronizing the
actions of different teams. Networking the conttibns of dispersed teams, by timely
coupling their capabilities, competencies and resm) affects command and control
processes. These processes can be more flexibladamtive by using information and
communication technology. Military operations iniet information and communication
technology is used for the synchronization of tctoas of teams or units are labelled
networked military operationdNetworked military operations draw heavily on iaility
of teams to coordinate their actions without di@attrol from higher organizational levels.

The use of information and communication technoldyyyteams has become
commonplace in organizations, because this techgotdfers new possibilities to team
members to communicate and share information wititeroteam members (e.g., Gibson &
Cohen, 2002; Kanawattanachai & Yoo, 2002). Tearas$ piimarily rely on information
and communication media for team member interastame calledvirtual teams(Kirkman
& Mathieu, 2005; Martins, Gilson, & Maynard, 2004)owever, it is not clear how
effective coordination in virtual teams can be kfshed. Two important questions that still
have to be addressed are related to specific deaistics of electronic communication
media and virtual team leadership. First, mediarasttaristics influence coordination
processes in virtual teams, such as the extenhichveommunication media are capable of
facilitating synchronous interactions between teasmbers and the transfer of relevant
social context cues (e,g, Baltes, Dickson, ShermBaner, & LaGanke, 2002; Bordia, 1997;
Curseu, Schalk, & Wessel, 2008). Media theories thatsicter specific characteristics of
electronic communication media have been propoaed, empirical support for these
theories is emerging (Dennis, Fuller, & Valacicl)08). Second, it is not clear which
leadership style is best for establishing effectiverdination in virtual teams. Theories on
virtual team leadership have been proposed (e.gll & Kozlowski, 2002; Zaccaro,
Ardison, & Orvis, 2004), and empirical support these theories is beginning to emerge
(e.g., Hambley, O'Neill, & Kline, 2007; Kahai, S&si& Avolio, 2004). The aim of the
present research is to examine how virtual tearsdagate their actions and which factors
foster effective coordination in virtual teams. Tdentral research questions are formulated
as:
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Research question How do team members in virtual teams coordinatér the
actions with those of other team members duringtparformance?

Research question 2What factors foster the effective coordination tem
member contributions in virtual teams?

Virtual teams

An important reason for organizing work in teamsttis potential variety and
flexible employment of skills and knowledge tha¢ areeded for meeting the demands of
operating in complex and dynamic environments. derpnd dynamic environments may
be described assituations where cause and effect are subtle, aherevthe effects over
time of interventions are not obvidu$enge, 1992, pp. 71-72). Teams that are cordbnt
with ambiguity and equivocality, have to make senféwhat is going on’ in order to
accomplish their goals (Weick, 1995). Teams opegatin complex and dynamic
environments have to develop a dynamic understgndfrthe environment. To achieve
this, they have to interact with the environmentgipret information, take action, and
evaluate the effects of actions in order to creatmaning. A team is better suited for
complex and dynamic environments than single imldials, provided that the team consists
of persons with different competencies, capabdijtieesources, and expertise, and that the
team members interact dynamically. Team members thee individual and shared
resources to operate in dynamic, complex envirosney communicating and effectively
coordinating team member contributions (LePine,20Burke, Stagl, Salas, Pierce, &
Kendall, 2006).

Information and communication technology offer soextraordinary benefits in
permitting collaborative work to virtual teamBirst, virtual teams can accomplish their
tasks when team members are not collocated, beteaisemembers can communicate and
share information regardless of their physical fimca Second, members of virtual teams
can be located in different time zones (‘globatuat teams’; Jarvenpaa, Knoll, & Leidner,
1998; Lipnack & Stamps, 2000). This ‘working arouhé clock’ is for instance observed
in software development teams, where engineer#fereht time zones work on the same
project. This makes it possible for organizationsspeed up organizational processes.
Third, the use of technology for facilitating teamember interactions leads to cost
reduction, because members of teams do not havaviel to meet each other. Teams that
use information and communication technology inséhsituations can share information
and communicate in order to establish and maintaiordinated action. Fourth, team
members can be selected for their specific exgedisapabilities (e.g. Bell & Kozlowski,
2002). This enables organizations to select ‘th&t bean for the job’. Fifth, virtual teams
can be formed ad hoc in response to changing taskadds (Bell & Kozlowski, 2002;
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Townsend, DeMarie, & Hendrickson, 1998). This istipalarly important for teams that
operate in complex and dynamic environments, wiseidden and unexpected changes
affect team progress. Finally, team membership lmarflexible in virtual teams, which
means that team members can enter or leave the depanding on task demands. For
instance, individuals with specific expertise canibvited to enter a team in response to
changing tasks (e.g., Bell & Kozlowski, 2002). Thitows a precise division of labour in
virtual teams, which makes it possible to make atiffe use of resources. The ad hoc
formation of teams offers the flexibility that orgaations in complex and dynamic
environments seek, and technology is an importaabler for this flexibility.

There has been a proliferation of definitions ofual teams since the emergence
of information and communication technology at thed of the last century. Many
definitions have focused on the use of technology dénabling teams to overcome
locational, temporal, and relational boundariessdech in this domain has focused on the
first four benefits described above, and featuestins that crossed locational, temporal,
and/or relational boundaries (e.g., Hinds & Bail@@03; Jarvenpaa, Knoll, & Leidner,
1999; Lipnack & Stamps, 1997; Montoya-Weiss, Mas&e8ong, 2001). Other research
has focused on the flexibility that virtual teanféepin terms of team membership, which
was described in the latter two benefits of virttedms. Research is focused on flexible
team membership, temporary teams, and the life@fckrtual teams (e.g., Alge, Wiethoff,
& Klein, 2003; Bell & Kozlowski, 2002; Furst, ReeyjeRosen, & Blackburn, 2004).

Research on virtual teams generally took the amir@f comparing collocated or
face-to-face teams and virtual teams, where virteams used technology for information
sharing and communication, and, additionally, feeduother characteristics that made
teams virtual. The popularity of information andmoounications technology in modern
organizations means that the complexity and ditsersf teams in organizations has
increased. Research has indicated that the majfrigmployees of large companies now
work in teams that can be characterized by soned tfwirtuality (e.g., Bell & Kozlowski,
2002; Kanawattanachai & Yoo, 2002). Teams that tasénology for working together
differ on a wide range of factors, including reenon technology, spatial distance, extent
to which organizational boundaries are crossedcyifle, and type of task. Because of the
widespread use of information and communicatiomretogy in organizations, theorists
recently started to move away from the dichotonmrsceptualization of virtual teams that
is typically investigated by means of comparingeféo-face teams and virtual teams
(Gibson & Gibbs, 2006; Martins et al., 2004). lasteteam virtuality is considered to be a
multidimensional concept that potentially charaets all teams (e.g., Cohen & Gibson,
2003; Griffith & Neale, 2001; Kirkman & Mathieu, @8). In attempts to develop
integrative theories on team virtuality, severanfieworks have been proposed. First,
Griffith and Neale (2001) distinguished between timensions: time that team members
spend together, and the extent to which technodbgiapport is employed by the team.
These dimensions lead to a classification of ‘ptr&ditional and ‘pure’ virtual teams, and
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hybrid teams that use a mix of face-to-face comeation and computer-mediated
communication. This conceptualization of virtuahres holds an important issue, as it is
not explicated what proportion of team member addons has to run via electronic
communication media in order to be virtual. Thisame that all teams that use technology
in some way for communicating and sharing infororatcan be characterized by some
level of virtuality. Second, Cohen and Gibson (20@&oduced a framework that featured
‘electronic dependence’ as one of two dimensiomré tefine team virtuality. Electronic
dependence ranges from low electronic dependeace-{b-face communication) to high
electronic dependence (computer-mediated commumatThe second dimension was
geographical distance. The advantage of this fraorlevs that team virtuality is treated as
a variable, and teams are not classified in diffecategories.

On top of that, Kirkman and Mathieu (2005) pointadt in their framework on
team virtuality that teams in modern organizatianay not only use technology to
overcome boundaries, but teamisooseto use technology to interact when this offers
benefits to them. This means that members of Virteams may work for the same
organization, and may even be located in the saffieepbut choose to interact via
technology when this helps them to accomplish ttessks more effectively. Kirkman and
Mathieu (2005) distinguished three dimensions afrtevirtuality: (1) extent of reliance on
virtual tools, (2) the informational value of thesmols, and (3) synchronicity of team
member interactions. The first dimension is simitaiCohen and Gibson’s (2003) concept
of electronic dependency. The second dimensiongdéethe extent to which media can
transfer information in a way that is relevant task execution. The third dimension
encompasses to what extent team members can cogataursynchronously, as some
media facilitate synchronous interactions betwesamt members (e.g., videoconferencing,
chat), while others do not (e.g., fax, voicemalgcording to Kirkman and Mathieu (2005),
the crossing of locational, temporal, and relatidm@indaries will always be an important
reason to organize work in virtual teams, but ikisiot a factor that contributes to the
extent to which teams are virtual.

The present research is focused on teams that ooimate and share information
via electronic communication media, and does naoisicter face-to-face communication.
This research strategy is chosen for the followiegsons. First, the goal of the research
was to develop a better understanding of team auatidn in the context of networked
military operations. In these types of operatideam members often operate in distributed
settings, and exclusively rely on technology foante member interactions during task
execution. Second, it was emphasized by KirkmanMathieu (2005) that teams that are
collocated may intensively use technology as well.

It was discussed above that teams that use temnah addition to face to-face
communication can be characterized by some leveligtiality. This has raised a
discussion on what proportion of communication must via electronic communication
media for teams to be virtual (Martins et al., 200¢his debate is ongoing, which means
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that only those teams in which all communicatiotwaen team members is mediated by
electronic information and communication media @mguestionably virtual teams. In this
thesis we studied teams that only used informatind communication technology for
communication. An important consequence of the domu virtual teams is that the present
research does not feature face-to-face teams aokgroups, and research outcomes only
apply to virtual teams.

Team coordination

When teams perform complex, interdependent tasks) tmembers have different
roles, responsibilities, competencies, and resgurd@am coordination refers to the
effective management of mutual dependencies thatltrérom the differences between
members of the team. Team coordination may be el@fas‘the process of orchestrating
the sequence and timing of interdependent actighkrks, Mathieu, & Zaccaro, 2001: pp.
367-368).

Team coordination processes can either be exmicitmplicit (see Espinosa,
Lerch, & Kraut, 2004). Explicit coordination proses can be defined as processes that are
purposefully employed by teams in order to managgeddencies (Espinosa et al., 2004).
Examples of explicit coordination processes aréstin of labour, schedules, plans, and
tools. Explicit coordination is effective when taskave many routine aspects and when
there are no changes in the task or in the enviemirthat interfere with the routines of
teams. In these situations, explicit coordinatiancpsses are effective ways for team
members to coordinate their efforts (Espinosa et 2004). Another important explicit
coordination process is communication, for exampleen team members provide mutual
feedback. Coordination through communication c&e taany forms, depending on factors
such as the number of team members that are involmd the context in which
communication takes place (formal or informal). fsause communication when routines
no longer apply to the task, or when dependen@ésden team members can no longer be
managed by the existing coordination processes.

Implicit coordination in teams may be defined a&yrichronization of member
actions based on unspoken assumptions about whatsoin the group are likely to 8o
(Wittenbaum & Stasser 1996: p. 3). The conceptnydlicit coordination was originally
developed to describe the capacity of teams to taiainperformance levels under
conditions of high workload. It was observed thaarhs notably reduced the
communication within the team, while performanceele did not decrease (e.g.; Kleinman
& Serfaty, 1989; Orasanu, 1990; Serfaty, Entin, &Ip&, 1993). Typical behaviours for
teams that are able to maintain performance lewlde reducing communication are:
proactively sharing information or feedback, shariworkload by helping other team
members, monitoring progress and the activitiestibér team members, and adjusting own
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behaviour to the expected actions of other membéithe team (e.g., Entin & Serfaty,
1999; Rico et al., 2008; Wittembaum & Stasser, 1996

Research on team cognition suggests that when meaxmbers interact with each
other and become experienced in a task, team mesndeselop shared knowledge of the
team and the task. This shared knowledge enableshers of a team to anticipate on the
needs and actions of others and adjust their bebevaccordingly without having to
communicate directly with each other or plan thevig of coordinating (e.g., Converse,
Cannon-Bowers, & Salas, 1991; Entin & Serfaty, 19Q@inman & Serfaty, 1989; Rico,
Sanchez-Manzanares, Gil, and Gibson, 2008). Ilihgiéordination refers to coordination
processes that are the result of shared knowleddg@m® not consciously employed for the
purpose of coordinating (Espinosa et al., 2004). ifportant benefit of implicit
coordination processes is that they generally des$¢ time and effort once they are
established. Implicit coordination is based on dlkpectations of team members regarding
the task and the actions of other team memberseléepectations in turn are based on the
individual knowledge structures of team membersardigg the task and the team. This
knowledge is shared among team members through teember interactions. These
knowledge structures are referred to as team mentadels, describing the mental
representations of team members regarding the téaump, roles, responsibilities,
distribution of expertise) and the task (e.g., ¢gpitask strategies). Team mental models
contain stable knowledge about the task and the tfes@e Cooke, Kiekel, Salas, Stout,
Bowers, & Cannon-Bowers, 2003; Mathieu, Heffnerpo@win, Salas, & Cannon-Bowers,
2000).

More recently, researchers have emphasized theortemre of contextual
information for the development of implicit coordiion (Cooke et al., 2003; Cooke, Salas,
Cannon-Bowers, Stout, 2000; Rico et al., 2008).nT esituation models are the mental
representations that are associated with a dynanderstanding of the current situation.
Team situation models thus contain dynamic inforomatather than the stable information
that is captured in team mental models. Team #niaimodels evolve during task
performance and cannot be established beforehamukéCet al., 2000). The importance of
team situation models for implicit coordination msed on the logic that implicit
coordination itself is dynamic and situation depamdand contextual information such as
team situation models is closely linked to teancpeses that are dependent on the context
(Rico et al., 2008).

Teams will often manage their dependencies usingxaof explicit and implicit
coordination processes (Espinosa et al., 2004).ifsiance, team members may have
formal roles and responsibilities, but experient=gin members may help team members
that are less experienced in situations of highklead by giving feedback or performing
subtasks of less experienced team members witlegim lasked to. The mix of explicit and
implicit coordination processes that is employedthwy team is influenced by factors that
are related to the team (e.g. task experience, teamre), the task (e.g., level of
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specialization, possibilities to arrange dependss)cior to the context in which the task is
accomplish (e.g., technological mediation, geogdieghdispersion). This means that a
particular coordination process may be more effedior different types of tasks (Espinosa
et al., 2004). Further, the mix of coordination ggsses on a single task may change over
time because explicit coordination processes maguiistituted by implicit coordination
processes (e.g., Rasker, 2002; Van der Kleij, $d®a, Werkhoven, & De Dreu, 2009).
Following the input-process-output models that @sed by many for the study of teams
(McGrath 1991, McGrath & Hollingshead 1994), diffiaces on any of the factors will
affect team coordination processes in teams, aidaikly influence team performance.

Coordination in virtual teams

Considerable research has been conducted on thetxfif technology on team
processes and performance (see reviews byeGuwst al., 2008, and Martins et al., 2004;
and meta-analyses by Bordia, 1997, and Baltes,e2@02). The general conclusion of this
research is that technology affects both explicid amplicit coordination processes in
virtual teams, which perform complex, interdependesks. Both positive and negative
effects have been described.

Regarding explicit coordination processes, the ligian in information and
communication technology has created a wide vanétyoftware and internet-based tools
that can be used for the planning and coordinatioteam member contributions. These
applications have been specifically designed fbedaling meetings and assigning tasks to
members of the team. Additionally, the popularify mmobile phones made it easier to
communicate with other team members. However, aliteams often use typed messages
to communicate with each other, and this may neglgti affect team coordination.
McGrath and Hollingshead (1994) compared teams faitk-to-face communication with
teams that communicated via text-based messagey. ciimcluded that teams using typed
messages spent more time and effort on communicatibh team members, which
negatively affected team coordination processes:iristance, because team members
reduce the amount of informal and non-task relat@thmunication in virtual teams (see
Baltes et al., 2002). Further, restrictions in camination between team members during
task execution have been shown to limit the shawhgtask-related and situational
information, which in turn negatively affects imgiti coordination and team performance
on complex tasks (Rasker, 2002; Rasker, Post, &&agen, 2000).

The emergence of implicit coordination hinges aanmh members’ shared
knowledge about the team, the task, and the enwieoh Because communication is an
important mean for sharing information on theseid®p virtual teams experience
difficulties when it comes to establishing intergmral relationships and maintaining work
flow and a shared context (Cramton, 2001). Reseasdhave concluded that virtual team
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members need high communication and media competena overcome the negative
effects of technological mediation (see CorneliusB&os, 2003; Driskell et al., 2003).
Further, virtual teams have been shown to adaptedia over time. Rasker (2002) found
that communication is important in a phase whemgeare developing team mental models
and team situation models, but communication besde®ss important once mental models
have been established. In these circumstances, goivation is aimed at maintaining
mental models, and using media that are high tuafity may be sufficient for this. In line
with this finding, researchers have shown thatalrteams may adapt to media over time
(Van der Kleij, et al., 2009; Van der Kleij, Paashw& Schraagen, 2005; Van der Kleij,
Paashuis, Langefeld, & Schraagen, 2004).

Another way in which the technology may affect imoplcoordination in virtual
teams is the reduced number of social context tuesmputer-mediated communication.
Social context cues are geographic, organizati@mal,situation variables that influence the
content of interactions among persons (Sproull &#ér, 1986) The loss of social context
cues, such as facial expressions and tone of vi@ad,to difficulties on a range of team
processes that are important for establishing shkmn®wledge, including difficulties of
virtual team members to get to know each other (Mtic & Hollingshead, 1994),
developing trust (e.g. Cascio, 1999), establiskingnified sense of purpose (Blackburn,
Furst, & Rosen, 2003), and establishing effectissmmunication (Thompson & Coovert,
2003).

When team members are not able to communicate lxechaing task execution,
for instance when members of virtual teams arecoibcated, media characteristics will
determine the extent to which team members caneslad discuss task-relevant
information. The capacity of electronic communiocatimedia to enable synchronous
communication between team members is crucialtfie;, because media that are high in
synchronicity enable team members to interact e#bh other without time delays. Media
synchronicity is therefore considered to be cruddal effective coordination in virtual
teams (Dennis & Valacich, 1998; Dennis, Valacichi@&ller, 2008).

Team coordination processes in the present study

The present research was aimed at gaining morghingn team coordination
processes in virtual teams and the factors tha¢fesfective coordination in virtual teams.
Five aspects of team coordination are consideréd. fdllowing processes are related to
implicit coordination: (1) team information procesg (2) transactive memory systems
(TMS), (3) team situation models, and (4) self-dyonization. Explicit coordination is
studied by means of communication (see also figutg. These processes were selected
because they are regarded to play a key role irdamation in virtual teams. Further, these
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processes are not only related to stable teamtahkerelated information, but also consider
situation-dependent information (see Rico et &08).

Team information processing was studied because teardination processes are
based on the extent to which team members shaoemafion with each other. Team
members not only need to be aware of each othelss,rresponsibilities, competencies,
and resources, but the sharing of situational méifon is also important for teams that
operate in complex and dynamic environments. &xisected that input factors affect team
information processing, because team members cammoaess all information that is
present on the task and in the environment (Hifsrale, & Vollrath, 1997). For instance,
leadership style is expected to influence whatrimtation is used in task execution.

TMS were studied because they contain stable krigeleon the distribution of
task, roles, and responsibilities among membeh®teéam. These models are important for
teams that operate in complex and dynamic envirotsnd his was also the reason to study
team situation models. Team situation models aréicpéarly important for teams that
operate in environments that can change unexpgci@siteam coordination will depend on
the extent to which team members have accuratestaauetd perceptions of the operational
situation. Self-synchronization was studied becaofethe emphasis that theory on
networked military operations has placed on implicbordination in teams that are
distributed and networked through technology. Fyna&xplicit coordination was studied by
means of communication because teams that operateriplex and dynamic environments
will rely on communication for coordinating team miger contributions, rather than on
other explicit coordination processes. The fivertezoordination processes are discussed
below, and specific attention is given to the aggilon of the concepts in virtual teams.

Team coordination
Implicit coordination
- Team information processing

- Transactive memory systems
Input factors l———’ - Team situation models Team performance

- Self-synchronization

Explicit coordination
- Communication

Figure 1.1: A framework for research on coordirmaiiovirtual teams

Team information processiniyluch like individuals, groups process information
when performing cognitive, intellectual tasks swshproblem solving, decision making,
and designing solutions or products (see CookesS#liekel, & Bell, 2004; Hinsz et al.,
1997). Information processing at the group leveldéfined as:“the degree to which
information, ideas, or cognitive processes are sbarand are being shared, among the
group members and how this sharing of informatifiecis both individual- and group-
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level outcomes.(p. 43). The group information processing modeHofsz and colleagues
(1997) provides a general framework for informatwacessing in groups.

According to the model of Hinsz et al. (1997),ntemembers acquire information
when they interact with the environment. The gaditeam members provide a context for
information processing, and therefore influence #igention, encoding, storage, and
retrieval of information. Selection of informatida crucial in complex, interdependent
tasks, because team members will not be ableagadto all the information in these tasks.
Information from the environment is integrated witfiormation that team members have
brought to the task, such as knowledge about thentand the task, and individual
expertise. The integration of these two types dédrimation occurs in what Hinsz et al.
(1997) labelled the “processing work space”. Infation processing occurs on the basis of
rules, beliefs, and procedures. Team informatiacgssing leads to the development of a
response in the form of actions, decisions, or foeligts. The responses of team members
are evaluated by other team members in the fornfeeflback. Team information
processing is influenced by the following factosshich may be task-related, (e.g.,
distribution of information), team-related (e.geatn composition, tenure, leadership), or
related to the environment (e.g., high levels obayuity or equivocality).

Since team information processing is driven bymtegoals, this process is
susceptible to many biases and errors (for an @wrnsee Cueu et al., 2008). One of the
most important biases in team information procegss selective use of information,,
which may be described as the failure of teamsottsider all relevant information (see
Hinsz et al., 1997).

Curseu and colleagues (2008) indicated that the useinfifrmation and
communication technology facilitates informationogessing in teams. The benefits of
information processing in virtual teams result fréme reduced number of social cues in
virtual teams. Although the reduced number of dociges makes it more difficult to
establish trust and mutual knowledge, it may lotherteam members’ experience of social
pressure. As a consequence, team members maysbaikreptible to biases resulting from
social processes, such as compliance with domiviemts (Cuseu et al., 2008; Dennis,
1996). Another advantage of the reduced numbeoaékcues is that ideas of members of
virtual teams are evaluated on their merit rathanton the status of the team member who
proposed the ideas (Baltes et al., 2002). Anotlesefit of the reduced number of social
cues is that the negative effects of team membéerdgeneity are mitigated when
interacting through technology. Virtual teams after characterized by higher levels of
team member heterogeneity because team membersamsgyfrom different organizations
and cultures (Potter & Balthazard, 2002; Bell & Kkuwski, 2002). Since interacting
through electronic communication media makes thferéinces between team members
less prominent, virtual teams can profit from theedsity of team members in terms of
different perspectives, whereas the negative asifeq., stereotyping) may be limited.
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In sum, the literature suggests that the extentwtich information and
communication technology is capable of transfersngial context cues in team member
interactions may affect team information processmgirtual teams. Unlike other team
processes that will be discussed below, reducedatsrof social cues are considered to be
a potential benefit for team information processmgirtual teams.

Transactive memory systenf®@am members have their own specific knowledge,
expertise, and capabilities, which they bring te thsk. As was argued above, this applies
particularly to virtual teams, where team membeessglected for their expertise and skills
that make them valuable to the team (Bell & Kozlkiw2002). Given these differences,
between team members, team performance largelyndepen how well teams manage to
integrate the expertise of individual team memba@isnsactive memory refers to team
members’ knowledge about the distribution of expert capabilities, and knowledge
among members of the team, and how this knowledgetd be integrated. Similar to the
group information processing model of Hinsz et(2B97), TMS are group-level memory
systems that are used for encoding, storing, xétige and communicating group
knowledge (Hollingshead, 1998; 2001, Lewis, Larg&illis, 2005).

TMS consist of team members’ knowledge on specititin, credibility, and task
coordination (Liang et al., 1995; Moreland & Myaskhky, 2000). Specialization refers to
knowledge of the diversification and distributiohexpertise over the team members and
who is responsible for what knowledge domain. (it consists of team members’
beliefs on the reliability of expertise of otherate members. Coordination refers to
knowledge of team members on how the contributiohseam members should be
integrated. TMS help teams to perform tasks effityebecause they allow team members
to have quick and coordinated access to the sprdaknowledge of other team members.
In this way the team makes optimal use of the tekvant knowledge that is present in the
team (Lewis, 2004). Further, TMS are positivelyatetl to team coordination because the
knowledge in TMS help members of teams to develgpeetations on the needs and
actions of other team members (e.g., Liang efl8B5; Moreland, 1999).

Driskell and colleagues (2003) and Cornelius ansB@2003) argued that
establishing and maintaining mutual team knowledgenore difficult for virtual teams
than for face-to-face teams. These differencesltrésum changes in team composition,
limited life span, and limited knowledge about wat team members. These difficulties
make it hard for virtual teams to establish comngoound, and therefore can lead to
problems in the coordination of team member aatigi{Oshri, Van Fenema, & Kotlarsky,
2008). Methods have been suggested to overcomendbative influence of electronic
mediation, such as task-specific training (Corree8uBoos, 2003; Kamphuis, et al., 2009b;
Lewis et al., 2005), standardization of work preess and meeting face-to-face (Oshri et
al., 2008).

In sum, literature suggests that certain aspectsrfal teams (e.g., technology-
mediated communication, flexible membership) maykend difficult to establish TMS
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virtual teams. It will be investigated in the pnaseesearch to what extent virtual teams are
able to establish TMS on complex, interdependesit, tand examine the roles of two media
characteristics for this.

Team situation model€Cooke and colleagues developed the concept of team
situation models to describe coordination in tedhat operate in dynamic environments
(see Cooke et al., 2003; Cooke et al., 2001). Thesstigators define team situation as the
team’s understanding of a specific situation at ang point in time (Cooke et al., 2001).
Team situation models represent team member’s dignanderstanding of the situation,
and contain information on the team, the task, taedenvironment. Team situation models
are expected to be positively related to team perdoce because a shared understanding
of the situation will lead to congruent actionsrafividual team members.

Thus, the understanding of a specific situatiothatteam level thus is the product
of situation assessment at the individual level #eaggregation of individual situation
models to the team level. The dynamic understanadirgituations at the individual level is
known as situation awareness (SA). Endsley (19@8nheld SA as the perception of the
elements in the environment within a volume of tameé space, the comprehension of their
meaning, and the projection of their status in tiear futuré (p. 97). In other words, it
derives from the integration of individual knowledgwith information from the
environment in order to understand, explain, ardlijot in this context (Endsley, 1988).

Rico and colleagues (2008) indicated that teamasin models may be difficult
to establish in virtual teams, because virtual ®amay use media that are low in
synchronicity, and team members may lack a shamttspace. This would make it also
difficult to develop implicit modes of coordination virtual teams. At the same time,
virtual teams that succeed in developing similad ancurate team situation models will
also profit the most from this, as implicit coordiion is particularly important for teams
that communicate asynchronously and where the rirgsfon of information takes
relatively much effort.

There has been little empirical research on teamatsbn models in virtual teams.
Two important contributions from Rasker (2002) dRdsker et al. (2000) studied the
effects of situational assessment on coordinatiwh @erformance in teams. They found
that the sharing and discussing of situational rinfation facilitated the development of
similar team situation models and team performamtea complex, interdependent task.
Importantly, teams that could only communicate wtandardized email messages
experienced more difficulties in the developmenteafm situation models than teams that
could communicate face-to-face.

Self-synchronizatiorT his concept was developed to describe implicitrdmation
processes in teams that participate in networkeldanyi operations (Alberts & Hayes,
1999; 2003; 2006). Self-synchronization has thdo¥dhg characteristics: horizontal
integration, vertical integration, event handliagd initiative taking.
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Self-synchronization encompasses the alignmenttidres of team members with
those of other team members. Self-synchronizat®meécessary in situations where
different, highly interdependent but distributedités are working on the same goal. This
means that these entities have to align their mstioith other entities in order to complete
the task effectively. Team members have to integtheir actions along the horizontal
dimension of organizations (at the same level ofigien-making power). Horizontal
integration is observed when team members shavemattion or help other team members
without being asked.

When there is a person or a team who is leadingrtission, or when there are
multiple organizational levels involved in the ogton, teams should also integrate their
actions along the vertical dimension of organizsio This dimension differentiates
organizational entities for the level of decisioaking power. Integration at the vertical
dimension refers to alignment of actions with trerall goals of the task or mission, which
means that teams complete the task as was intefigd. dimensions (horizontal and
vertical integration) can be considered importaspiests of self-synchronization because
they imply that team members perform the task as imended, and anticipate the needs
and actions of other team members.

There are two other aspects of self-synchronizatiwat reflect the dynamic
adjustment of behaviour to changes in the envirorirtiat virtual teams have to deal with.
Event handlinglescribes the ability of teams to adapt colletyite unpredicted changes in
the environment that (potentially) influences thegress of the team to achieve its goals.
Event handling is closely related to team adaptatichich refers to the adjustment in the
team’s system of member roles in reaction to uripted change (LePine, 2003; 2005).
This means that teams have to be flexible wheprtes to the division of labour and the
use of resources (e.g., Burke et al., 2006; LeP206€5). It may be difficult for virtual
teams to handle events because reconsidering relgsonsibilities, division of workload,
and communication patterms situ may be difficult when team members are mediated by
technology.

The other aspect of self-synchronization is itiite taking, which refers to the
dynamic adjustment of behaviour in line with thedg and actions of other team members.
This aspect reflects the importance that is givedelegation of authority and emphasizes
the active role of team members in decision-makifige required active role of team
members is determined by range of factors, inclydive level of specialized knowledge of
team members.

Communication.Teams can coordinate their actions explicitly byams of
coordination mechanisms such as planning or schedol by communicating with each
other. As an explicit coordination process, comroation is referred to as ‘coordination by
feedback’ (March & Simon, 1958). Teams use commatiwo for explicit coordination
when other coordination mechanisms are less effscsuch as when major incidents
suddenly occur and directions should be given erctimnged situation should be discussed
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on a short notice. In these situations, commurdcaginables team members to deal with
change because team members can interact andfing ta solution (Espinosa et al., 2004).
Espinosa and colleagues (2004) emphasized that mesms use a mix of explicit and
implicit coordination processes when performingirthesks, and that this mix depends on
task-related factors (e.g. complexity, changes) teadh-related factors (e.g., team tenure,
group composition). Because other explicit coortiima mechanisms lack the flexibility
that is required to deal with change, communicatsoimportant for teams that operate in
complex and dynamic environments.

Communication in virtual teams is usually donetégm members sending typed
messages by email, chat, or text messages. W&tB86) demonstrated that typing text
takes more time than communicating face-to-face @so McGrath & Hollingshead,
1994). Other research has demonstrated that merobgitual teams learn how to make
effective use of electronic communication mediaraime. Van der Kleij and colleagues
demonstrated that virtual teams learned to makecefe use of video-mediated
communication over time (Van der Kleij et al., 20@809). The initial differences between
face-to-face teams and teams that used video-meeldéammunication disappeared over a
series of four sessions. These results indicatevitiaal teams have the capacity to adapt to
new media, but at the same time it should be nittedvideo-mediated communication is a
medium that is high in richness , and that les®®wvn to what extent media that are low in
richness, such as email and shared digital worlkespazan be as effective as face-to-face
communication.

Factors affecting coordination in virtual teams

The present research was designed to gain maghiria coordination processes
in virtual teams, and identify what factors fostdfective coordination in virtual teams.
Five factors that were expected to affect coorddmaiprocesses in virtual teams are
investigated: level of authority, experience to kvdogether, leadership style, media
synchronicity, and distribution of information. A#s discussed above, team coordination
can be influenced by the following three categoagfactors. Factors can be related to the
task, the team, or the context in which teams perfineir tasks (see Espinosa et al., 2004).
The context of the research largely shaped thelolevent of the set of factors, and it was
decided to study a set of factors that was reltdel three categories. The factors that are
studied in the present research are described below

An important aspect of networked military operafias the use of information and
communication technology. Technological factorsratated to the context in which teams
perform their tasks. Two media characteristics apgeto be relevant for virtual teams that
operate in complex and dynamic environments. Fihgt,extent to which communication
media facilitate synchronous interactions betwesamt members (media synchronicity) is
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important in situations that can change unexpegtddiese environments require teams to
search the operational situation for new informatimake sense of the information, and
establish coordinated action with other team memberesponse to unexpected change. It
was expected that media synchronicity is relevamt team coordination in these
environments. Further, information and communicatitechnology offer increased
possibilities to share information with other teamembers (e.g. data links, shared
workspaces). Second, the increased levels of ldigton of information are expected to be
positively related to the establishment of coortédaaction in theories on networked
military operations (e.g., Alberts & Hayes, 200308). This expectation seems to be
consistent with literature on information sharimgteams, where it has been shown that
team members find it easier to discuss informattiat is held by other team members than
to discuss information that is held by only oneMi@aember (Hinsz et al., 1997; Stasser &
Titus, 2987; Van Ginkel & Knippenberg, 2007). Takegether, it was decided to study in
what ways distribution of information affect teamoedination in virtual teams.

However, technology will also change the way inickhmilitary operations are
designed as well. This means that organizatior@bfa should also be considered. It was
discussed that networked military operations aso@ated with decentralization, which at
the team level means that teams will have highegl$eof authority. This means that teams
have more freedom to decide how the team will perfis task. For this reason, level of
authority is related to the task in the framewoflEspinosa et al. (2004). It was decided to
study this factor because increasing authoritylfegéteams that are located at the edge of
organizations is a central assumption of theorynetworked military operations, but it
remains unclear to what extent these assumptiomaisanted (Alberts & Hayes, 2003;
2006),

Factors that are related to the team are leagesthie and level of experience.
First, it is investigated in what ways leaders aftual teams could foster effective
coordination between the decisions and actionseamt members. It will be discussed
below that both theory on networked military openaé and theory on virtual team
leadership associate virtual teams with particigateadership styles. At the same time,
empirical research on this topic is emerging (édgumbley et al., 2007). It was decided to
investigate to what extent leadership style of tdaaders affect team coordination in
virtual teams. Second, level of experience was istudecause working in similar
environments has been shown to be positively mtlate the development of shared
knowledge in command-and-control teams (Cooke, Garrburan, & Taylor, 2007). Prior
experience on a task expands the knowledge thiait te@mbers bring to the task (Kraiger
& Wenzel, 1997; Cannon-Bowers, Salas, & Convers#93]l This means that prior
experience in working with others in a networkegimmment was expected to be relevant
for coordination in virtual teams.

In conclusion, the research that is presentedhis thesis not only considers
technological factors (context-related factors)t imluence team coordination processes
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and performance, but also considers factors theatedated to the team itself (team-related
factors), and to the organization in which teamdqom their tasks (task-related factor).
See Figure 1.2 (p. 26) for an overview of the fes@nd the team coordination processes
under study.

Level of authority Although it is expected that high levels of authofacilitate
team processes, regardless of team structure,febier has hardly been addressed in
theories on networked military operations. Greaplkasis is placed on decentralization of
the command structure (Alberts & Hayes, 2003; 208tinson & Moffat, 2005), but
empirical support for the effects of decentraliaatiat the team level has received less
attention (Van Bezooijen, Essens, & Vogelaar, 20Uérne, Ali, Bopping, Hart, & Pascoe,
2004). In networked military operations, decengaiion or delegation of authority to
teams or individuals that are located at the edgerganizations are expected to allow
teams to adapt their actions in response to engrginations, without first consulting
higher organizational levels. Freedom to act, thathe permission to take initiatives to
adapt to the operational conditions are expectetbad to more flexible and adaptive
decision making, and speeding up the decision ngagiincess (Alberts et al., 1999; Alberts
& Hayes, 2003; 2006). Research suggests that tedthsdecentralized structures were
faster and more accurate on difficult complex, ridépendent tasks when compared to team
with centralized structures, and that they alsoresthanore knowledge on these tasks
(Schraagen, Huis in ‘'t Veld, & De Koning, 2010).

As was discussed in the beginning of the chapt#itany operations are ‘tight’ by
nature. This implies that increased authority Isvetquire teams that are given the
authority to coordinate more with others that workthe same task. This means that teams
will communicate less with the higher level, angntounicate more with the same level. In
sum, it is expected that increasing the level dfiatity of teams that located at the edge of
organizations is positively related to coordinatimocesses, because team members have
more opportunities to coordinate their actions with direct supervision from higher
organizational levels.

ExperienceExperience to work together is expected to fatditdie coordination
in virtual teams. The positive impact of experiencecoordination and team performance
can be explained by the role of shared knowledgealise prior experience increases the
long-term background knowledge that team membedrgytio the task (e.g., Cooke et al.,
2007). This knowledge of team members can be shaithdother team members during
task performance. This stable knowledge of team lpeesnis stored in shared mental
models that are related to the team (e.g., digtabwf roles and responsibilities) and the
task (e.g., task strategies). The importance ofeshBnowledge for team performance is
demonstrated by various studies (e.g., Lim & KleRQ06; Mathieu et al., 2000).
Experience with working with others in similar seffs is expected to affect team
members’ shared knowledge, effective communicatibe,development of team situation
models, and self-synchronization. Further, teanth Wigher levels of experience to work
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together are expected to apply their knowledge akareffective use of the extra decision-
making authority given to them. In other words, exgnce to work together is expected to
be positively related to coordination processesrinal teams.

Leadership styleThe use of technology to share information and canioate
with each other is expected to impact the way irctvbeam leaders perform their functions
(Bell & Kozlowski, 2002; Kahai, Sosik, & Avolio, B¥; 2004; Zaccaro, Ardison, & Orvis,
2004; Hambley, O'Neill, & Kline, 2007). Virtual tea leadership may be defined as “
social influence process mediated by advanced nmdtipn technologies to produce
changes in attitudes, feelings, thinking, behavicamd/or performance of individuals,
groups, and/or organizatioiigAvolio, Kahai, & Dodge, 2001: p. 617). It willdbargued
that participative leadership styles are positivadiated to effective team coordination in
virtual teams. Two aspects of leadership will becdssed: (1) The way in which the use of
technology affects the behaviour of team leadard, (2) whether participative leadership
styles help team leaders to coordinate the actibrsam members more effectively.

When it comes to the way in which technology afethe behaviour of team
leaders, the ability of virtual teams to cross taozal, temporal, and relational boundaries
has implications for virtual team leadership irethways. First, due to the widespread use
of technology, virtual teams have become incredgiogmplex (Zaccaro et al., 2004). We
propose that this increased complexity results ftam sources: (1) members of virtual
teams may have different backgrounds, becausentlagycome from different cultures and
organizations. This holds for so-called globaluaitteams (e.g., Lipnack & Stamps, 1997),
but differences in cultures are also likely to bmurfd between different types of
organizations and between services. (2) Team catigposmay change during task
execution because of flexible team membership ,(8gll & Kozlowski, 2002). The
complex forms of virtual teams affect leaders afsih teams, when they are faced with
challenges for effectively coordinating team memb@ntributions into coherent decisions
and actions at the team level (Kirkman et al., 2@&tcaro et al., 2004).

Second, the benefits of virtual teams particulapply to the performance of
complex, interdependent tasks (e.g., Bell & Koslkiw2002; Townsend et al., 1998).
Compared to less complex tasks, complex tasks hesacterized by reciprocal and
intensive workflow arrangements (Thompson, 1967n \de Ven, Delbecq, & Koenig,
1976). An important determinant of the complex vitank results from the high level of
specialization of team members (Bell & Kozlowsk)02). Since the effective integration
of team member contributions is crucial on thegesyof tasks, it is important that team
members can share information and communicate otfier team members. This enables
team members to monitor the activities of othememembers and deliberate on the
integration of contributions. Therefore, complerterdependent tasks demand more of
team leaders in terms of pacing of activities aridgrating contributions than simple tasks.

Third, complex, interdependent tasks generallyehtight external linkages with
the environment or with other parties (e.g., CokeBailey, 1997). This means that teams
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have to deal with all sorts of changes that poddigtiinfluence team processes and
progress. Teams will be faced with high levels ofbagguity and equivocality in these

environments, because the implications of situafichanges will often not be immediately
clear. Team members will need time to find solutida problems, use their knowledge,
expertise, and capabilities, and generate idiogitcsolutions in these dynamic, complex
environments (Sherif & Sherif, 1969; Van de Verakt 1976). Leaders of virtual teams
will thus have to find ways to facilitate this typd problem solving, and effectively

integrate the contributions of team members atghe level.

Another characteristic of virtual teams that hasplications for team leaders is
technological mediation between the team leadert@enth members (Kirkman et al., 2004).
Building on earlier work of Zaccaro, Rittman, anduMs (2001), Zaccaro and colleagues
(2004) have proposed a framework of virtual teanadésship. This framework
distinguishes between cognitive, affective, motivadl, and coordinative team processes,
and it is proposed that team leadership direcfiycéd all categories of team processes. The
framework generally holds that technology influen¢eam processes because of loss of
social context cues in mediated communication. Thikes it more difficult for team
leaders to control motivational processes, sucthaslevelopment and maintenance trust,
team cohesion, team member satisfaction, and téfaraay. Further, it is proposed that the
loss of social context cues makes it more diffitaltmanage affective processes, such as
failure to detect emotions, increased likelihoodriginterpretations, and limitations in the
possibilities of team leaders to deal with stresteam members. Likewise, technological
mediation may negatively affect cognitive processesluding the collective information
processing, development of mental models and TMS.

We propose that participative, delegative leadprstyles are commensurate with
the demands of leading virtual teams that perfoommlex, interdependent tasks in
complex and dynamic environments. Participativdegbgting, and directive leadership
styles differ in the extent to which team membessehinfluence on team processes and
decision-making (see Yukl, 2006: pp.82-83). Pagrttive leadership is defined as the
sharing of problem solving with followers by cortsuy them before making a decision
(Bass, 1990). The sharing of problem solving bysetting team members can take many
forms, including considering the opinions of teanemiers when making decisions or
making decisions together with team members. Maeoteam leaders can delegate
authority to team members. This means that teamletsagive more autonomy to team
members and do not closely supervise the decis@king on the delegated (sub)tasks
(Kahai et al., 1997). A mix of participative andlefgating leadership styles is observed
when team members have the authority to take actiomplement decisions on a specific
(sub)task, and when team members participate insidas that teams have to make.
Directive leadership styles are characterized hie liparticipation of team members in
decision-making, and team leaders do not delegdb®maty to team members.
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The most important argument for participative, edeltive leadership styles in
virtual teams is based on the high levels of spieaigon of team members in virtual teams.
When team members are selected for their indivitbaWwledge or expertise, this means
that there is less need to monitor team member$ §g8€ozlowski, 2002). Team members
will be able to carry out their own subtasks, aftéro may be capable of managing their
dependencies with other team members without ettente of the team leader. Moreover,
team members with high levels of individual exmatimay also have ideas on how the
contributions of team members could be integratetevely, for instance because of prior
experience in other virtual teams. Participationtedm members in problem solving
enables more thorough understanding of relevargcasf the problem (Kahai, Sosik, &
Avolio, 2004). While directive leadership stylesyrtze beneficial on structured problems,
because it keeps team members focused on a limdaade of possible solutions,
participative, delegative leadership styles maybbkaeficial on complex, interdependent
tasks since the team profits from the solutions @mtributions that are proposed by team
members, or because team members have solvedathieqprthat was delegated to them.

In conclusion, virtual team leadership is demagdbecause of the increased
complexity of teams and technological mediatiorrtiél team leaders may deal with the
challenges in a number of ways. Participation afrtemembers in team processes and
decision-making and delegation of (sub)tasks tonteaembers have been proposed as a
means for effective leadership in virtual teamsll(BeKozlowski, 2002; Zaccaro et al.,
2004). Participation of team members (e.g., abadirg of activities, development of
courses of action), may help team leaders to fazushe leadership functions in which
participation of team members may be less effec(eug., performance management).
Delegation of (sub)tasks to team members is exgdotde beneficial for virtual teams for
a similar reason. When team members perform (sskgtand do not have to be monitored,
this will reduce the need for coordination. Tearaders can focus on the execution of
leadership functions that can not be carried outelayn members. Ultimately, members of
virtual teams may come from different organizatians are invited to the team because of
their specific knowledge or competencies. This rsakieective leadership less appropriate
in virtual teams. Since we are focused on cooritinatn virtual teams that perform
complex, interdependent tasks in complex and dyoagmvironments, we expect that
participation of team members is positively relatedcoordination processes in virtual
teams.

Media synchronicityMedia synchronicity is assumed to play a criticdérin the
performance of virtual teams (Espinosa et al., 260kkman & Mathieu, 2005; Dennis et
al., 2008). In particular in tasks in complex adamic environments, team members have
to interact intensively in order to develop shamederstanding of the situation, decide how
they are going to accomplish their goals, and tab#ish coordinated action. It is proposed
in the Media Synchronicity theory (MST; Dennis & Igeich, 1999; Dennis et al., 2008)
poses that synchronous interactions are importantfams in these situations. Media
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synchronicity refers to the capacities of electtosbmmunication media to facilitate
interactions without time lags (Dennis & Valacid®99; Dennis et al., 2008).

Emails or postings on company message boards arénlanedia synchronicity,
because team members will not respond directly nmils or postings. Electronic
communication media such as chat or videoconfengneire high in synchronicity, as
communication is direct and there are no time l@sveen messages and responses. The
present research is intended to test the expectsitiye effects of media synchronicity on
team coordination and performance.

Distribution of information.Distribution of information refers to the extent to
which team members have common or unique informatitinsz et al. (1997) referred to
this as the commonality-uniqueness dimension ofriétion, which is defined as the
“variability in how many group members have accesa piece of informatidn(p. 54).
Unique information refers to information that islchdy only one member of the team,
whereas shared information refers to informaticett tan be accessed by all members of
the team. Importantly, distribution of informatias not the same as the sharing of
information during task performance through teammimers interactions, which may be
described as the openness or willingness of teambmes to share information (Mesmer-
Magnus & DeChurch, 2009).

Information and communication technology is effeeti for exchanging
information with others, and it is investigated hifgher levels of shared information
positively affect team coordination processes agrfiopmance of virtual teams. The reason
to study this factor resulted from research onrithigtion of information, which maintains
that teams are more likely to consider shared métion than unique information. The
rationale for this is that it is easier to discugsrmation that is held by all team members
(shared information) than it is to discuss inforimatthat is new to other team members
(unique information; Stasser and Titus, 1987; Vankél & Van Knippenberg, 2009; and
Mesmer-Magnus & DeChurch, 2009). Information andmpownication technology
provides excellent ways for distribution of infortiea to other members of the team in the
form of attachments to emails or shared networlkedri It is expected that distribution of
information is positively related to team coordioat in virtual teams, because the
utilization of shared information will help virtuabams to develop TMS, similar team
situation models, and foster self-synchronization.

Outline of thethesis

In this chapter we have described the contexhefresearch, the team processes
that will be studied, and the factors that are etgubto affect team coordination processes
in virtual teams. Before turning to the outlinetbé study, we will discuss some conditions
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regarding the research that has been conductedeTdonditions are related to the type of
tasks that were used in the research and the camisegs of our focus on virtual teams.

Virtual teams in the present research performskistéhat were complex, and team
members depended on each other for their expecgmbilities, and resources. Complex,
interdependent tasks require team members to gifarenation with other team members,
attach meaning to information, and collectively idecon how the team responds to this
information (Lim & Klein, 2001; Baltes et al., 2002 hese team processes are important
for teams in (military) organizations, and can bwided in controlled research
environments.

This context of the research influenced the chofdmsks that featured high levels
of unpredictability. Operating in highly complexdaglynamic environments means that
teams have to develop a shared understanding dttregion in order to accomplish their
goals. For this reason, it is important that expental tasks have high levels of
unpredictability, so that team members have tosasHee situation and attach meaning to
information in order to perform well. This meansatthteams in this research were
confronted continually with new information duritgsk execution, team members had to
make sense of this information, and act upon thaning that they attached to the
information.

A consequence of our focus on virtual teams i$ titva present research does not
consider face-to-face communication, and does eatufe ‘traditional’ teams as control
groups. It was discussed above that teams in nkédomilitary operations often are
geographically dispersed, and therefore all compaiitn is mediated by electronic
communication media. Further, many teams that a#oaated exclusively rely on
communication media as well. Good examples arelefience command teams. Although
team members of air defence command teams areetbaata single operations room, all
communication between team members is mediatecediynblogy. Our focus on virtual
teams means that the conclusions are formulatedrorl teams only, and conclusions do
not apply to teams that have lower levels of teantnadity.

Finally, it should be noted that teams in the pnésesearch differed in the extent
to which team members knew each other. Teams teatadied in Chapter 2 were existing
teams, which means that team members had workdd emith other before the study
started, and would continue to work together affter study ended. Alternatively, teams
that participated in the experiments that are mteskin Chapter 3 and Chapter 4 were so-
called short-term teams.

The following three chapters describe the expamisig¢hat were conducted in
order to answer the research questions (see Fig@rfor an outline of the thesis). Not all
team coordination processes could be studied irctapters. For instance, it was only
possible to study team situation models in Chaptend 4 because the assessment of team
situation models did not apply to the realistic iemvment of the research that is presented
in Chapter 2. The outline of the thesis is discdsssow.
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Chapter 2 Chapter 3 Chapter 4
- Level fJf authority - Leadership style -Media synchronicity
- Experience - Distribution of information

Team coordination

Implicit coordination
- Team information processing (Ch. 3)

- Transactive memory systems (Ch. 4) T P
- Team situation models (Ch. 3,4) €am performance

- Self-synchronization (Ch. 2,3,4)

Explicit coordination
- Communication (Ch. 2,4)

Figure 1.2: Outline of the thesis

Chapter 2 describes an explorative experiment €Bm@nt 1) that was conducted
in order to gain more insight in coordination preses in virtual teams, and to determine
the effects of decentralization of the commandcstme and experience. This was done by
studying the effects of level of authority and exgece to work together on coordination in
virtual teams in a realistic environment. It wagdstigated in what ways increased levels of
authority influenced coordination processes andmtegerformance. Further, it was
investigated in what ways joint experience helpeaihts to make effective use of the extra
authority. The experiment was conducted in a sitadlabut realistic environment in which
existing air defence command teams engaged imagai defence task. Because the rapid
and accurate detection and handling of incidents the highest importance in air defence,
the research was focused on communication withiem &ir defence teams and the
communication between the air defence command tgahother units in the network, and
self- synchronization. Four air defence teams fitwra nations completed two joint air
defence scenarios. A mix of self-report data, litgy data, expert observations, and group
discussions was used to determine the effectsvef & authority and experience on team
coordination and performance.

Chapter 3 describes an experiment (Experimentn2which the effects of
leadership style on team coordination processes weestigated by comparing two types
of leadership: participative, delegating leadershepsus directive leadership. Participants
were civilians that volunteered to take part in éxperiment. Participants were recruited
from a pool of one of the research institutes aedevarrayed in three-person teams. Teams
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completed a complex planning task where team menbewve different roles and
responsibilities. Team leaders were assigned ralyd@md were trained for either a
participative or a directive leadership style. Selfort (team information processing, self-
synchronization) and log file data (team situatioodels) were used to determine the effect
of leadership style of virtual team leaders on teaordination (information processing,
team situation models, self-synchronization), araiht performance.

Chapter 4 describes an experiment (Experimentt3¢twfocused on the effects of
two factors that are related to information and pamication technology. A complex
planning task was used to determine the effectaaxfia synchronicity and distribution of
information on coordination processes and teamopmdnce. Participants were cadets
from the Netherlands Defence Academy. The planiask was adjusted in order to
manipulate media synchronicity, which may be désadias the level to which electronic
communication media facilitate synchronous intecas between members of the team.
The second factor that was manipulated in thisystuaks distribution of information, which
may be described as the extent to which membetheoteam have unique information
(information is held by single team members) orstdanformation (information is held by
all team members). A mix of self-report (TMS, s&}fachronization) and log file data (team
situation models, communication) was used to asteseffects of these two factors on
team coordination and team performance.

Chapter 5 is the synthesis of the research restlis chapter consists of an
overview of the main findings of the present reskarand theoretical and practical
implications are formulated. Subsequently, stremgthd limitations of the present research
are discussed. The chapter also provides suggsgtofurther research.
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Chapter 2

Effects of level of authority and joint experience on
coordination in virtual teams

I ntroduction

Today’s military operations are characterized bygudtinational, multiservice, and
multiagency approach (combined, joint, and compmsive operations, respectively), in
which diverse parties coordinate and collaboratestablish secure and stable conditions
for reconstruction and development. In these ofmeratthe military have to deal with high
levels of organizational and operational complexiigcause ad hoc collectives of parties
with different backgrounds, experience, and goalseho interact in order to synchronize
their efforts. Operations take place in environmaghtt are characterized by high levels of
equivocality, such as when adversaries operate gshdhe civilian population aiming at
destabilisation (asymmetric warfare). Organizatians faced with unpredictable changes
in these environments, such as attacks or ambugbhestating in these environments
requires organizations to be flexible and adaptive.

In response to these developments and the new topftars that information and
communications technology offer, networked militayerations are designed to facilitate
flexible and adaptive decision-making. Theory otwaeked military operations is focused
on transforming the military into a flexible andagdive (‘agile’) organization in which
decision making power is located at the edge odwmimations (Alberts & Hayes, 2003; UK
Ministry of Defence, 2009). Teams that are locaethe edge of organizations are teams
that interact with the environment of organizatiosisch as patrol or intelligence units of
the Army. The decentralization of decision-makingharity to the edge of organizations is
intended to enable military teams to respond e&ffelst to unpredictable change by giving
teams sufficient authority to handle situationshaiit direct control from higher levels.

An important consequence that has been associatiedigher levels of authority
for teams at the edge of organizations is thatsffeed of decision-making processes may
be increased (e.g., Alberts & Hayes, 2003, 2006toe 1999). Teams do not have to
interact with higher levels for discussing the @ienal situation and obtaining permission
to act. Decentralized organization structures floeeelower the need for communication
between organizational levels, which increasesattmiracy and the speed of the decision-
making process (see Hollenbeck et al., 2002). prasotes the flexibility and adaptability
that is needed for operating in complex and dynamidgronments.
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Higher levels of authority in networked military enations typically include the
authority of teams to interact and collaborate wither teams, whereas in traditional
command structures the coordination between theracof different teams is carried out at
higher organizational levels. Teams that have hidgneels of authority are expected to be
able to directly synchronize their efforts with etheams that are present in the operational
arena (Alberts & Hayes, 2003, 2006). An exampleanfad hoc collaboration between
military teams is close air support, where a laaddd military team is supported by an air
element, such as a fighter helicopter team, falaime when the land-based team is under
attack. The fighter helicopter can locate adveesaand use its weapons. These teams
coordinate their actions via information systemsl aadio, which enables flexible and
adaptive decision-making. In such operational $itna, collaboration is not planned in
detail beforehand, but emerges when teams sharkloadr; capabilities, or assets with
other teams in order to accomplish their goals.

Increasing the levels of authority of teams tha¢ $wcated at the edge of
organizations, means that these teams are condrevite changing task demands in terms
of coordination. When teams that are located aetlge of organizations are given higher
levels of authority, it means that these teams dioate less with higher levels, and
establish decisions without direct supervision frbigher organizational levels. Higher
levels of authority also increase the need for dmation among the team members and
with other networked teams that work on the sarsk ta mission. Whereas team actions
are coordinated at higher levels in traditional omand structures, decentralized command
structures increase the need for teams that amgeldcat the edge of organizations to
establish coordinated action with other teams eir thwn. Taken together, decentralization
of the command structure means for teams at the efigrganizations that they have more
freedom to act without direct control from highevéls, but at the same time are faced with
changed task demands regarding decision makingc@mdnunicating within their team as
well as with other teams. The research that isgmtesl in this chapter was aimed at testing
in what ways increasing levels of authority of tsathat are located at the edge of
organizations affect their coordination processes @erformance. In order to determine in
what ways decentralization of the command strucafifects coordination in virtual teams,
we were not only interested in coordination proesshat take place within these teams,
but on top of that we also focused on the extentiiich teams were able to establish
coordinated action with other networked teams. fig reason, moving beyond team
boundaries was necessary for gaining more insightoordination processes in virtual
teams and identifying in what ways decentralizatafinthe command structure affects
teams. A trilateral research programme on commart control in networked military
operations offered good opportunities to study tegsvirtual teams as part of a larger
organizational network in a realistic environmertis research programme allowed us to
study coordination processes not only within virtigams, but also focus on coordination
processes between members of virtual teams witkr atietworked teams. Conducting
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research in a high-fidelity simulation environmesabled us to study coordination
processes while establishing some level of contr@r the environment. This made it
possible to systematically vary level of authofity adjusting the command structure) and
examine the effect of level of authority on cooation processes in virtual teams.

A factor that may be positively related to the ext® which team members can
make effective use of the increased freedom taaoteand establish coordinated action
with other teams is prior experience in workinghndtther teams in similar environments.
In the context of joint military operations, thifers to experience with working with teams
from other services. This will be referred to jamt experienceWe propose that joint
experience may help military teams to make effectise of the increased levels of
authority, because team members who are experieircgdint operations will have
knowledge on the roles, responsibilities, goalsl msources of teams from other services.
We expect that this knowledge helps team membermdodinate effectively with other
networked teams.

The knowledge of team members about teams fromr ctbevices is stored in
mental models, which result from either experienceknowledge acquisition (Cannon-
Bowers, Salas, and Blickensderfer, 1999; Cookeassalannon-Bowers, & Stout, 2000).
Focusing on the role of experience, we expect jdiat experience increases the body of
knowledge that is relevant to the task in termtask strategies and when they apply. This
expectation is based on research on command-anbtteams in which prior experience
on a task led to performance benefits over inegpegd teams on similar command-and-
control tasks (Cooke, Gorman, Duran, & Taylor, 200Feams that consisted of team
members with high levels of experience profitedrfrenowledge of team members by the
sharing of knowledge via team member interactitmshis way, teams profited from prior
experience not only in the execution of individigibtasks, but moreover by making
knowledge available to other team members throudéractions. For this reason, it is
important that command-and-control teams can congaten unrestrictedly during the
execution of complex command-and-control tasks KBas2002; Rasker et al., 2000).
Given that team members in the present researcle lexeellent opportunities for
communication with other team members, we expeat thembers of teams who are
experienced in joint operations can make effeatise of their knowledge about teams from
other services, and that this leads to better camwation, coordination, and team
performance.

Resear ch approach

In order to investigate in what ways level of auity and joint experience affect
coordination processes and team performance dfialiteams, it was decided to study
existing teams in a realistic environment. Studygmisting teams in a realistic environment
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would give us the advantage of gaining more insighteam coordination processes in
virtual teams. This means that teams had to beiestuthat exclusively relied on
technology-mediated communication for team membiractions. Another condition was
that coordination processes and team performanteaois had to be assessed in detail in
the research environment. Further, some level afrobover the environment had to be
established in order to be able to study team doatidn processes effectively.
Establishing some level of control was important ifovestigating the effects of level of
authority and joint experience on team coordinaioocesses and team performance. In all,
we conducted an explorative experiment in whichexplored coordination processes in
existing virtual teams in a realistic environmenthjile establishing some level of control
over the environment in order to examine the effectwo factors that were expected to be
important for coordination in these teams.

A trilateral research programme (Netherlands, Smedaind Canada) that was
conducted at TNO Defence, Security, and Safeffered the possibilities to meet all of the
conditions that were described above. Three reBdastitutes that are affiliated with the
Ministries of Defence in these nations combinedrtb#orts to investigate the effects of
decentralization on command and control processesetworked military operations.
Importantly, this research programme made it pésdib study existing teams in a semi-
controlled research environment. The research tefithe Netherlands was leading the
research programme. The research team consistagsefrchers from TNO and the
Netherlands Defence Academy, and subject matteerexdfrom TNO and the Royal
Netherlands Air Force (RNLAF).

The research was conducted in the context of jaintdefence. There are four
reasons underlying this choice. First, air defeoemmand teams are accustomed to use
information and communication technology for coaeding interactions with other teams
and organizational levels as well as within thenteBecause air defence command teams
only use technology-mediated communication, condgctesearch in the context of air
defence is consistent with our focus on virtuahteaSecond, joint air defence teams could
be studied in a realistic environment. Air defeteams perform their tasks in air operations
command centres, and it was possible to creatmitasiworking environment in a research
facility of TNO. Third, it was possible to maniptéathe command structure in line with the
research objectives. Air defence command teameaged at the edge of the organization,
because they form the link between decision ma&imdjthe execution of decisions. At the
same time, these teams have a good overview anif&on area. Fourth, it was possible to
invite teams with different levels of joint expearae to participate in the study. Teams from
two different nations were invited to take parttie study. These nations differ in their
level of joint experience because of their strategilitary orientation. Differences in level

1 TNO is the Netherlands Organization for AppliedeBtific Research. Other institutions that werecived were
Totalférsvarets Forskningsinstitut (FOI) from Swedad Defence Research and Technology Canada (DRDC)
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of authority of air defence command teams were etegeto affect the way in which teams
performed their tasks, but decentralization of ¢tbenmand structure was not expected to
influence the structure of air defence command teafiis meant that the effects of
decentralization of the command structure werestudied in terms of what team structure
would be best for performing a complex, interdeperideam task (see Hollenbeck et al.,
2002; Schraagen et al., 2010), or to what extemhgecan adapt to new team structures (see
Moon et al., 2002; Entin, 1999), but rather thalgtwas aimed at identifying in what ways
level of authority and joint experience influen@arm coordination processes and team
performance in a realistic operational situation.

Some level of control was established by usingsgealjoint air defence scenarios
and by manipulating the two factors that were urefedy. The scenarios were realistic for
air defence command teams because they were basedrxises that are used for training
teams to operate effectively in joint operationsioTscenarios were developed that were
equally demanding for the teams. Scenarios weraldquthe amount of air traffic and the
number of critical incidents. Also, teams were giwhigher level of authority when they
performed the second scenario. Further, teams [féetedhit levels of joint experience.
Another factor that contributed to the establishivafrsome level of control resulted from
the so-called ‘white cell’, which consisted of & s& military personnel that played the
roles of other teams in the network and other dmgaional levels. These role-players were
aware of the research objectives and actions werergised by subject matter experts on
joint air defence from the research team. Thesesurea were intended to allow us to make
precise comparisons for the team processes thatuveler study.

When one studies an object or phenomenon in-dégthealls for a diverse set of
data sources, so that outcomes of different sowraeshe combined in the formulation of
conclusions. This is considered to substantiatectimelusions of the research (Yin, 2009).
The research that is presented in this chaptenrieia mix of data sources, including self-
report data, observer data, and behavioural dégdiversity of data sources is particularly
important when case studies have relatively feva dadints, which is the case for the
research that is presented in this chapter. Faeetperson air defence command teams
participated in the case study. They each partiethan two runs. By precisely measuring
how teams performed on the joint air defence taskpbining the outcomes of measures
made it possible to gain more insight in the eHeaxftdecentralization and joint experience
on communication and coordination processes dfiaiteams.

Conducting research in realistic environments igserof accompanied with
methodological challenges, and the present casky stas no exception in this respect.
Below we discuss the complexity of the researchigdesand the design of team
performance protocols for decentralized commandcamdrol structures.

The first methodological challenge was to study éfiects of two factors in a
single study. The number of air defence teamémgdd, and therefore it was unique to
study four complete, existing air defence teamdandutwo experimental weeks. At the
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same time, this made the research design compével lof authority was studied using a
repeated-measures design for all four teams (tepenformed air defence tasks with
different levels of authority, while the effectsjoint experience were studied in a between-
subjects design (comparing teams from two natidPsdential methodological issues in this
research design are learning effects, confoundfrigasning effects and the manipulation
of level of authority, and observer biases. It w#l discussed in the method section in what
ways we attempted to deal with these methodolodgsales.

Another methodological challenge was the developgroébest practices for team
performance for the handling of critical incidemtisthe command structure where teams
were given a higher level of authority. Becausedhmre no guidelines for the way that
critical incidents should be handled in decenteslizommand structures, the research team
and the team of expert observers from the Royah&i&tnds Air Force (RNLAF) and the
North Atlantic Treaty Organization (NATO) jointly edteloped best practices for all
incidents. The development of best practices sl &e discussed in the method section.

In conclusion, the case study research approadiiezhas to gain more insight in
team coordination processes in virtual teams i@adigtic environment. All communication
is mediated by technology in air defence commarmnge which makes it possible to
formulate conclusions that apply to virtual tearfally, studying teams in a semi-
controlled environment enabled us to investigatedfiects of level of authority and joint
experience on team coordination processes andrpefee. A brief description of joint air
defence is provided below in order to formulatedtieses.

Joint air defence

Joint air defence is based on the notion thatrobwf the air is important to the
success of joint operations, because controlliegaih space means that units on the ground
or at sea have freedom of action. Having contr@rdiie air space is not an end in itself,
but an enabler to achieve joint campaign objectige® United Kingdom Joint Warfare
Publication 3-63, 2003). The Joint Forces Comman({dEC) controls two components
(Figure 2.1). The air component comprises an ampmnent commander (ACC) and a
Combined Air Operations Centre (CAOC). Decision mgkor air operations takes place
at these levels. The ACC and the CAOC give guidant¢be Control and Reporting Centre
(CRC), which consists of an air defence commandntead fighter controllers, who
directly communicate with the pilots of fighter @iaft. The CRC executes the decisions of
the higher levels. The maritime component has dlainstructure. Decision-making is
carried out by the Maritime Component Commander yJ@nd Commander Task Group
(CTG), and the Anti-Air Warfare Commander (AAWC)ntmls the sea-based units such
as frigates and patrol vessels. These units hapabdéies for air defence, such as
personnel, ship-based radars, missiles, and h&ticopThe present research is focused on

30



Chapter 2

the CRC, specifically the air defence command teEme. air defence command team is the
link between higher level decision making and cowmtion and the operational
environment where they control the actions of tightér aircraft. In this sense the air
defence command team is located at the edge afrgfamization.

CRCs have their own Areas of Responsibility (AQR#)ich defines the airspace
that the CRC controls. Traditionally, air defen@entand teams are authorized to apply
protocols to standard situations, but when incislemcur the authority is handed back to
the higher level, such as in the case of an air¢teft leaves the planned route or an
unidentified aircraft that enters the A@RNhen it comes to integrating the actions of
different services, the JFC is responsible for dowting the actions of the joint units. Joint
air defence is aimed at deconfliction, meaning thetions of different services do not
interfere with one another. When actions of differservices are intended to coincide, the
integration of actions is regulated by protocolthatlevel of the CAOC and higher.

Increasing authority levels of air defence commaedms.When air defence
command teams are given the authority to handlelénts themselves and to collaborate
with teams from other services without direct cohtrom the higher level, this would lead
to a command structure where the roles of the CAa@cChigher levels are limited.

Joint Forces Commander (JFC)

Maritime Component Air Component Commander
Commander (MCC) (ACC)
Commander Task Group (CTG)
Anti-Air Warfare Commander
(AAWC)

Decision
making

Control and Reporting
Centre (CRC)

Execution

frigate, helicopter

Fighter aircraft

Maritime component Air component

Figure 2.1: Joint air defence command structure

2 See http:/iwww.infowars.com/nato-jets-shadow-rarssiombers-over-arctic-atlantic/ for the descriptid an
incident on December 182009 in which fighter aircraft of the Royal Netlamds Air Force (RNLAF) took
action.
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Increasing authority levels of air defence commesains makes it necessary to provide air
defence command teams with information of all uthitst are present in the AOR, because
the air defence command team has to know what aréipresent in the area, what are the
goals of the teams, what capabilities could beeshaand how the actions of teams could be
synchronized. This information is not relevant &rdefence command teams in traditional
command structures, and thusJaint Common Operational Picture (JCOIRps to be
created.

In the present research, extra authority was dédeigto the teams in the high level
of authority condition in terms of incident handjimnd ad hoc collaborations with the
maritime component. The JCOP provided relevantrmédion to the air defence command
teams when the teams were preparing for the expatjrby integrating the information on
the maritime component in the operational pictur¢he air defence command teams, and
by facilitating communications between all unitatttwere present in the AOR. These
changes are consistent with theory on networkeiamjloperations and made it possible to
assess in what ways higher levels of authoritycaffee team coordination processes and
team performance of air defence command teams.

In sum, the decentralization of the joint air chefle command structure influenced
the teams because extra information was presentdtkiJCOP, extra authority was given
to teams to handle incidents and to collaboraté wéams from other services without
interference of higher organizational levels. Thekanges faced joint air defence teams
with changed task demands, because there was é=sk to communicate with higher
organizational levels, but at the same time teaagstb process more information, consider
more alternatives, and communicate more when thedyntore authority. We expected that
the changed task demands would affect the abifitteams to deal with environmental
change such as incidents and unpredicted evenigothigses on the effects of level of
authority and joint experience on air defence comuite@ams are formulated below.

Formulation of hypotheses

The present research was intended to gain morghinsi coordination processes
in virtual teams, and to determine to what extemel of authority and joint experience
foster effective coordination in virtual teams. Bdactors were manipulated in the present
research.

Level of authority

The research focused on the effects of level dfiarity on team coordination
processes in air defence command teams. In thextaritjoint air defence, higher levels of
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authority for air defence command teams meanstd#@nhs have the authority to handle
incidents and collaborate with other teams that @esent in the AOR without direct
control of higher levels. It is expected that teedl of authority affects communication of
teams both within the air defence command teams esrdmunication with other
networked teams. Further, it was expected thathdnidevels of authority would affect
synchronization of team members’ own actions withse of other team members in the air
defence command teams, as well as synchronizatitin ather teams. Finally, it was
expected that a higher level of authority wouldeaffteam performance.

Effects of level of authority on communicatidtigher authority levels of air
defence command teams imply that less communicasiocexpected between the higher
levels (JFC, MCC, CAOC) and the air defence commiaan, while at the same time
more communication is expected between the airmdgefeommand team and other teams
that have capabilities for air defence (e.g. fegat helicopters). Regarding the
communication between the higher level and theleience command team, the reduction
in the amount of communication along the vertidatehsion of organizations results from
the air defence command team not having to obiaincgization for their actions from the
higher level. This means that teams do not havdescribe the situation at hand and
suggest courses of action.

When vertical communication is reduced, this ermhbie defence command teams
to focus on the situation and to communicate wittenteams that have capabilities for air
defence, such as the AAWC or directly with commggaims on platforms such as frigates.
This is communication along the horizontal dimensid organizations. Typical examples
of collaboration with other teams in air defence aharing information (such as sharing
information of radars via data links), and shamrfigvorkload (such as the identification of
enemy aircraft). Increased levels of authority émabir defence command teams to
communicate more with other teams in the AOR fovetlgping adaptive responses to
incidents. In sum, it is tested in the presentaegeto what extent the assumption of level
of authority regarding reduced communication altimg vertical dimension and increased
communication along the horizontal dimension ofamigations is warranted in a joint air
defence operation (hypothesis 1a).

Level of authority is also expected to affect teaommunication within air
defence command teams. Making effective use ofettiea authorities requires teams to
process more information, discussing courses abmt and making decisions. For this
reason, a higher level of authority was expectedhtiuence communication within air
defence command teams by increasing the amounbmimeinication between all team
members (hypothesis 1b).

Effects of level of authority on self-synchroniaatilt was described in Chapter 1
that self-synchronization consists of four aspect®rtical integration, horizontal
integration, event handling, and initiative takingertical integration refers to the
integration of decisions and actions with the ollén¢entions of the task or mission. In the
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present research, the air defence command teamgohalign their behaviour with the
intentions of CAOC. Within the air defence commaadm, team members had to align
their decisions on their individual tasks with fientions of the team leader on how to
accomplish the task and team goals. When air defencmmand teams were given more
authority, this made it possible for the team tackyonize their actions with the overall
intent of the mission without direct control of hiy levels (vertical integration). It was
therefore expected that higher levels of authdigtyair defence command teams would
positively influence vertical integration. Horizahtintegration was described as the
integration of decisions and actions with othantemembers and other teams that work on
the same task, for instance by providing infornmatio team members or other networked
teams without being asked to. We expected thatehidgbvels of delegated authority
facilitated the horizontal integration of actionschuse the team could orchestrate their
actions with the actions of other networked teamighomt interference of other
organizational levels.

The third aspect of self-synchronization was eveamdling. We expected that
teams were better able to respond to unpredictedtewvhen teams had extra authority,
since team members could be more flexible in shganorkload and resources with other
members of the team or other networked teams. \&@ @kpected that higher levels of
delegated authority would facilitate the initiatitaking, because teams now have the
freedom to act and to collaborate with other nekedrteams. In sum, we expected that
level of authority would lead to better synchromi@a of actions within the air defence
command teams and between the air defence comnemmistand other teams in the
network (hypothesis 1c).

Performance.Level of authority was expected to enable air defecommand
teams to perform better on a realistic joint aifedee task. Performance measures were
handling of critical incidents and overall team fpemance (hypothesis 1d). The
hypotheses are formulated below:

Hypothesis 1aA higher level of authority for air defence commaasdms enables
team members of these teams to communicate lekghethigher level and more
with other networked teams that have capabilitesafr defence.

Hypothesis 1b:A higher level of authority for air defence commatehms
increases the amount of communication betweereathtmembers of air defence
command teams.

Hypothesis 1cA higher level of authority for air defence commaasdms enables

team members of these teams to better synchrdmaesactions with the actions of
other team members and other networked teams.
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Hypothesis 1dA higher level of authority for air defence commaasdms enables
team members of these teams to perform better rimsteof handling critical
incidents, and overall team performance.

Joint experience

Another factor that is important for establisheffective coordination in complex
and dynamic environments is experience with workingimilar environments (Cooke et
al., 2007). Teams profit from experience of teamminers, because prior experiences of
team members expand the pool of task-relevant leuye that teams can use during task
performance (e.g., Kraiger & Wenzel, 1997; CannawBrs, Salas, & Converse, 1993).
Research has shown that knowledge of a task camahsferred to other similar tasks
(Cooke, Kiekel, & Helm, 2001). Further, research amonstrated that teams benefit from
experience of team members not only because exgedeeam members have more task-
relevant knowledge when executing their individeabtasks, but experience also helps
team members to communicate and coordinate efédgtiln other words, experience helps
teams to master the ‘rules of coordination’ (Coakeal., 2007). Further, when team
members are able to communicate effectively, tlositively affects the development of
shared mental models of the task and the team éRagkal., 2000). For instance, team
members are better aware of the relations betwetdvities of different team members.

Regarding joint air defence, prior experience iarking in joint operations is
expected to increase team members’ knowledge ormemh and control processes of
other services and the integration of actions ffedint teams and units. We expect that
this will help team members communicate and coatdireffectively with other team
members and, particularly, networked teams.

Having more knowledge about command and contratgsses and capabilities of
teams and units from other services is expectetielp team members of air defence
command teams to anticipate on the actions andsnekdther units in the AOR and to
make effective use of opportunities to work togetli®int experience is expected to be
important for air defence command teams for devetppetter understanding of operations
of other services and how the actions of differeatvices have to be integrated to
accomplish shared goals. In sum, joint experiescexpected to positively affect team
coordination processes (communication and selffagmization) and performance on a
joint air defence task.

Effects of joint experience on communicatigvhen team members are able to
anticipate on the expected actions of other tearmimees and other networked teams,
members of these teams use less communicationtélaams that coordinate their actions
using explicit modes of coordination. Indeed, teamase been shown to have lower
coordination/communication ratios when team memberse experienced (Cooke et al.,
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2007). For this reason, joint experience is exgktedead to less communication between
members of teams. In the present research, thimsn#@t less communication was
expected between the air defence command teamhentiigher level, between the air
defence command team and other teams that havbilitigm for air defence, and between
members of the air defence command team (hypotl2esezb).

Effects of joint experience aelf-synchronizationSelf-synchronization is a team
coordination process that consists of anticipatitegactions of others (team members, other
networked teams) and dynamic adjustment of own \ebm It is expected that joint
experience helps teams to develop mutual expeesnend it is thus expected that
experience enables team members to synchronizesitt@ins accordingly. In this research,
we expected that teams that have higher levelsoiot jexperience are better able to
synchronize their actions with those of other teaembers and those of other networked
teams.

Joint experience will positively affect the alyjlibf team members to integrate
their actions on both the vertical and the horiabdimensions of organizations, because
higher levels of experience will help team memberslevelop accurate expectancies and
predictions on the actions of other team membedsotimer networked teams. It is expected
that joint experience leads to better synchroreratif actions with other networked teams.
In sum, higher levels of team members’ joint exgece is expected to enable team
members of air defence command teams to synchradhiie actions with other team
members and other networked teams (Hypothesis 2c).

Team performanceThe positive effects of joint experience were eotpd to
positively affect team performance levels. Therefaeams with higher levels of joint
experience were expected to be better at handliigat incidents and perform better
overall on joint air defence tasks (hypothesis 2d).

Interaction It was hypothesized that joint experience helpants to make
effective use of the possibilities that higher levef authority offer to them. It was
discussed above that higher levels of authorityitably place extra demands on the team
regarding communication, coordination, and decisieaking. It was therefore proposed
that teams that have more joint experience wilbbger able to utilize the increased levels
of authority. For the current research, this mehas extra decision making authority will
increase team performance, particularly for thasamis that have higher levels of joint
experience. It was expected that teams that asedrgerienced in joint operations will
benefit less from having extra decision making arti. This interaction between the
effects of level of authority and joint experiensdormulated in hypothesis 3.

Hypothesis 2aTeam members of air defence command teams that liigher
levels of joint experience communicate less witlghler levels and other
networked teams than team members of air defenoememd teams that have
lower levels of joint experience.
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Hypothesis 2bTeam members of air defence command teams that thigher
levels of joint experience communicate less witheotteam members than team
members of air defence command teams that have lewels of joint experience.

Hypothesis 2cTeam members of air defence command teams that higher
levels of joint experience are better able to symwcize their actions with other
team members and other networked teams than teambene of air defence
command teams that have lower levels of joint erpee.

Hypothesis 2dAir defence command teams that consist of teammimees with
higher levels of joint experience perform betterterms of handling critical
incidents and overall team performance.

Hypothesis 3The positive effects of higher levels of authpritn performance
will be larger for team members of air defence candchteams that have higher
levels of experience in joint air defence than team members of air defence
command teams that have lower levels of joint erpee.

M ethod

The research was conducted in the context of aferde, where all
communication between team members and with o##ns is mediated by technology. It
was possible to precisely study coordination preegsn existing military teams with some
level of control. Further, it was possible to stutlg effects of delegation of authority and
joint experience by manipulating the command stmgctand by inviting teams with
different levels of joint experience.

A mix of qualitative techniques (semi-structuredoup discussions) and
quantitative measures (log file data, expert oleyeratings, and self-report questionnaires)
was applied in order to gain insight in the effaat$evel of authority and joint experience
on team coordination processes (communication, -sy@ifhronization), and team
performance. The effects of delegation of authaaitd joint experience were identified by
integrating the findings of qualitative and quaatfite techniques, and different data
sources.

The setup of the study was as follows. The studysisted of two sessions. The
first session represented the current organizadind command structure. Air defence
command teams engaged in an operational, compénaso, where three critical incidents
had to be dealt with. The command structure waerdifit for the second scenario. Here,
air defence command teams were given more authditity manipulation will be discussed
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in detail below. Team member scores were compaediden scenarios in order to
establish the effects of level of authority (witldnbjects design). Joint air defence was
studied by inviting teams with different levels jofnt experience. Scores were compared
between members of air defence command teams #rd¢dvin their level of joint
experience (between-subjects design)

Procedure

Participants.Four air defence teams were invited at the TNO Aded Concept
Development & Experimentation (ACE) research enwinent in The Hague, The
Netherlands (Figure 2.2). Each team consisted rektparticipants. Teams consisted of a
team leader (Master Controller; MC), and two teaembers. First, the Track Production
Officer (TPO) is responsible for identification all aircraft that are present in the AOR.
These aircraft can be commercial aircraft, or wnilit aircraft from nations that are
involved in the operations or aircraft from adveiss Second, the Fighter Allocator (FA)
controls the aircraft of own forces by assigningkato fighter aircraft and monitoring the
aircraft (e.g. time left in the air before refuedii is needed). The team leader has to
integrate the actions of the team members, anesjgonsible for the communication with
higher levels, and the maritime component.

Two teams were from the Swedish Air Force (SAF)l o teams were from the RNLAF.
All participants were qualified for and experiendedheir specific function. The teams
were composed of participants who performed taskisdorresponded with their everyday
jobs.

Figure 2.2: The ACE research environment at TNCebeé, Security and Safety, The Hague

3 Quantitative data were obtained at the individenatl. Data were not aggregated to the team lesehibse the

low number of teams that participated in the study.
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Task.The teams completed two scenarios during two empmarial weeks. In the
first week, the RNLAF air defence command teamgqiathe scenarios, the SAF air
defence command teams two weeks later. Each soewas part of a five-hour session
that consisted of an introduction by the reseashtram preparation and team leader
briefing, the actual two-hour scenario run, follalMey group discussions with the team,
the observers, and the researchers.

Scenario.The scenarios were based on two exercises thasarkfor the training
of air defence command teams in the RNLAF. Nonthefparticipants had been involved
in these training exercises within a year before déRperiment. Each scenario contained
three critical incidents, which varied in the opimaal response that was required from the
team. The critical incidents required a creativepomse from the team, because incidents
were non-routine incidents and teams had limitgueernce with these types of incidents
in their everyday jobs. More importantly, the adti incident was best resolved with the
involvement of the maritime component. This potanfor the sharing of information,
assets, and workload differed across the criticaidents, building up to the final critical
incident which in fact could entirely be handledthg maritime component.

Three critical incidents took place during the stérs: a hijack/renegade incident,
a defecting aircraft incident, and a hostile coreldirair operation. The critical incidents
required different responses of the air defencernsanmd team. A hijack means that an
aircraft was hijacked by passengers, which meaasain defence teams had to discover
what the intentions of the hijackers are. A defegtaircraft is an aircraft that leaves its
original route. Air defence command teams had tud fout whether this occurred
accidentally or on purpose. Air defence commandntedherefore had to establish
communication with the aircraft or had fighter aéft escorting the aircraft before it could
pose a threat on important locations in the AORwAtile combined air operation consisted
of an attack by enemy aircraft. Air defence commésains had to make sense of the
intentions of the adversary and develop adaptispaeses to the attacks.

The type of incidents was similar on both sessibus,the critical incidents were
placed in a different order and the incidents détebetween sessions. For example, the
defecting aircraft was a small private jet durihg first session, and a military aircraft of
own forces that deserted in the second sessidhidiway, the sessions differed from each
other while task demands were the same.

An important methodological issue in repeated-messistudies are learning
effects. When individuals or teams perform a tastrenthan once, it is likely that
individuals perform better the second time becaabeask-specific knowledge that
participants have obtained on the first run. Leagreffects can occur regarding the tasks
or roles that participants perform and regardirgytsk itself. Below a series of measures
is described that was taken to limit the possibilihat learning effects occurred.
Importantly however, no empirical evidence can besented that learning effects were
indeed successfully prevented.
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The first argument regarding learning effects rssfilom the context of the
research. All participants were members of air dedecommand teams in real life, and
therefore were qualified for, and experienced heirt individual roles. Further, team
members knew each other beforehand, and would bkingotogether after the research.
These characteristics of existing air defence contm@ams differentiates these teams
from student-teams that are often used in expetimhé@am research. The high levels of
experience of team members with the tasks and th&sthey performed in the research
and the familiarity of team members with each othere expected to help to limit
learning effects regarding individual tasks andesobf participants between the two
sessions.

The second argument that is related to learningctffregarding the individual
tasks and roles of participants is that participanere accustomed to be involved in
training programs and exercises. Air defence isagpect of military operations where
errors and mistakes can easily lead to severe goasees (e.g., failure to identify a
friendly/neutral/hostile aircraft, failure to iddfytthe intentions of the adversary on time).
This means that there is a strong focus on traiming participating in exercises in air
defence, and members of air defence command teantgge to participate regularly in
exercises throughout their careers. This meangg¢hat members of air defence command
teams are used to work in different environmenishsas training facilities and deployed
command centres. Likewise, team members were edl testhe presence of observers, and
often function as observers themselves in theitrginf servicemen. This means that the
effects of working in a different environment ahe fpresence of observers will have been
limited. In other words, the high levels of expeade of participants with working in
different environments and training/research sdemsawere expected to limit learning
effects with regard to individual tasks and rolbattparticipants performed. Again, this
differentiates teams in the present research froomtdgerm student teams that are often
used in experimental team research.

The third argument regarding individual roles idated to the research
environment in which the case study took place. d&sign of the operations room, the
working stations, and the communication tools wexegely similar to the working
environments of air defence command teams in tiiaily jobs. Before the experiment
started, all participants took the opportunity tmy&ge in a ‘familiarization session’ in
which they could acquaint themselves with the agjpar In sum, these arguments hold
that participants were well-prepared for the indidl roles and tasks that they performed
in the case study, and this was intended to redledikelihood that learning effects
occurred the second time that participants comgpldtee second scenario regarding
individual roles and responsibilities.

Further, it was discussed above that learning &ffean also result from the task
itself. Two different scenarios were developed nden to reduce the possibility that
learning effects would occur. The scenarios weraalty] demanding for participants,
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because the scenarios were similar for the numbdrtgpe of incidents, and in both
scenarios the demands of the incidents for teaomeased in the same way throughout the
scenario. This was done to allow precise compasidmiween scenarios. However, it is
possible that learning effects resulted from thtiscould be argued that team members
would have anticipated that the incidents wouldéase in the same way on the second
scenario. Because it was crucial to assess teamdination processes and team
performance precisely in order to test hypothekesas decided that possible learning
effects on this point would have to be accepted.

The above argumentation was set up to discuss pp@ssonfounding of the
manipulation of level of authority and learningeafs, because the level of authority for all
air defence command teams was higher in the sesesslon than in the first session. All
teams were given a higher level of authority in $keond session in order to allow precise
comparisons between teams. It was decided thatingea baseline for team performance
in a traditional command structure was important feam members of air defence
command teams. Furthermore, introducing the redbtivnew command structure of
delegating authority to air defence command teamthe first session, and then ask them
to perform as usual in the second session seemkdaad, because team members would
have learned how to work differentially with eadiher and with other networked teams.
For these reasons, it was attempted to reducedsslity that learning effects (and thus
confounding of learning effects and the manipulatib level of authority) occurred, as was
explained above.

When learning effects had occurred, this would mebat teams had a
performance benefit the second time that they ped the scenario. In the light of the
measures that have been described above, we beliavall measures were taken that
could reduce the possibility that learning effeatsd thus confounding of learning effects
and the manipulation of level of authority, did occlmportantly however, no empirical
evidence can be presented that confounding didcmir.

Team leader briefingTeam leaders were asked to prepare a briefinchéotedams
before the first session started, which is the ddedh procedure in operations. The team
leader had to provide the team with clear taskesr@nd responsibilities, and describe the
way that he would be leading the team. The prejgarédr the team leader briefings for the
second session was done by the Track Productidoe®fthe Fighter Allocator, and Master
Controller together. Here, the team leaders wemdrunted separately to specifically
address how the team should coordinate with thétimarcomponent. This was done to
make sure that all team members actively explaneghat ways the new authorities would
influence their individual tasks and responsil@ktin the second session.

White cell. The command structures of the air component aed ntlaritime
component (e.g., CAOC, fighter pilots, AAWC), artktplatforms and other units that
appeared in the scenarios (e.g., frigates, hekrepland-based air defence locations) were
simulated by the so-called white cell. These ralese played by personnel of the RNLAF
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and Netherlands Maritime Force (NLMARFOR), who werallified for and experienced
in their roles. All individuals in the white cellese experienced in role playing during
training programmes and regular exercises. Moredheractions in the operations room
(air defence command team and fighter allocatard)the white-cell were coordinated by
two researchers that were subject matter expejtsnnair defence. These researchers also
designed the scenario. All individuals who wereoined in the quasi-experiment could
communicate via a local digital radio network. histway the white cell could play the
scenario in line with the research objectives.

Expert observersTeam performance scores (handling of critical deats,
overall team performance) were derived from thelwmtions of a team of expert
observers. The team of observers consisted of fihgervers. All observers were
experienced in the function that he or she evatijdiecause they performed that function
earlier in their careers. One observer evaluatedieam as a whole. All observers were
experienced in observing air defence command tefamgurposes of training and/or
qualification of personnel. Observers were giveheadset, so that they could hear the
communication of the team member that he or shduated. Observers were given
performance protocols for the evaluation of teammiver performance. These protocols
are discussed below in the measures section.

Observers are not blind to conditions. Becauseervlss are not used to the
delegation of authority condition, this could pdtally affect their judgments, for instance
because it is not clear to them in what ways tigidni level of authority affects the roles
and responsibilities of team members. Two measwege taken to reduce the possibility
that observers were biased in their evaluatiornrst,Fll observers were experienced in the
specific functions that they evaluated, and moreavieservers were experienced in
observing air defence command teams during forraalihg and (international) exercises.
As command structures are somewhat different atnégonal level, and the NATO
command and control structure that is used in matgonal missions differs from most
national command structures, the observers carxpected to be able to evaluate team
performance in a new command structure. Anothentgaithis respect is that observers
were involved in the development of the team penfurce protocols for the decentralized
command structure. This means that they were familith the protocols beforehand. The
second measure that was intended to reduce thikhéikd of observer biases was the
development of so-called best practices. Best jgechad been developed for all critical
incidents, which functioned as a point of referefioce observers for evaluating team
members’ performance. In line with these best prest the protocols for the handling of
critical incidents were developed separately fdr sak critical incidents (three per
scenario). However, it is important to note thaenapirical evidence can be presented that
observer biases did not occur.

Manipulation of delegation of authoriti.he decision making authority was laid
down in the command structure. The command stractarthe first session in the

42



Chapter 2

experiment was identical to the current way of vimgkin the RNLAF and the North
Atlantic Treaty Organization (NATO), with CAOC irommand. The roles of CAOC and
the MC are somewhat different in Sweden, but ale@gh participants were experienced
in working in the NATO setting. The command struetun the second session was
adjusted to provide air defence command teams witha authority by delegating the
rules of engagement and interactions between diffeiservices to the air defence
command teams. All decision making authority wasated at the air defence command
team throughout the whole scenario of the secossi@® In this command structure, the
air defence command teams were able to handleentdwithout direct control of the
CAOC, and could collaborate with teams from the itilme¢ component, which has a
(limited) air defence capability.

Although the behaviour of participants may beuaficed by learning effects in
repeated-measures research designs, another mietficdbissue can emerge when new
command and control approaches are explored irategeneasures designs. Entin (1999;
2000) has demonstrated that when participants etre@cdequately prepared for the non-
traditional command structure, this may negativielffuence process and performance
measures because the benefits of the new struateimeot well understood by participants.

The present research featured a short instruotioso-calledNetworked Enabled
Capabilities (NEC) in order to prepare participants for opegtin the decentralized
command structure. NEC refers to the new posséslithat networked military operations
offer in terms to flexible and adaptive command andtrol. The NEC training consisted
of two presentations. In the first presentatiomm@mber of the research team explained
theory on networked military operations. It was alimed in what ways decentralized
command structures can foster flexible and adaptaasion making, and the importance
of ad-hoc collaborations between teams withoutctlicmntrol from higher levels. The
second presentation focused on the implicatiordeoéntralized command and control for
joint air defence. These presentations were intndenake team members of air defence
command teams aware that delegation of authorfgred new possibilities to them, and
that this may affect the way in which team memipengorm their tasks.

Manipulation of joint experienceAll teams were fully qualified in air defence
operations. However, the teams differed in theipesience with working in joint
environments, reflecting the national strategicitary orientations. The SAF teams were
less experienced in joint operations compared ¢0oRNLAF teams, who train regularly
with the maritime component.

Measures

Communication, self-synchronization, handling oitical incidents, and overall
team performance were assessed.
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CommunicationCommunication ran via digital local radio networkdl. working
stations were equipped with two-channel headsets ariouch screen, which enabled
individuals on all positions to contact others (p€ib-point communication), or to all other
working stations simultaneously (a ‘broadcast’)eTse of such headsets is common in air
defence, where headsets are used simultaneoushtdoacting with others and listening to
the broadcasts of others.

Log files were used for the analysis of communaratn terms of the number of
interactions between members of the air defencemamd team and between members of
the air defence command team and other networkisl. die number of interactions was
used as the measure for communication. Each itienaevas coded for sender and
receiver. This resulted in a dataset in which comication of the air command teams
could be analysed.

Self-synchronizatianThe self-synchronization questionnaire (Van Béroo&
Essens, 2007) consisted of twenty five-point Likgpe items, ranging from 1 gtrongly
disagreé) to 5 (“strongly agre®. Participants filled out the questionnaires dthg after
task completion. The questionnaire contained item&ur aspects of self-synchronization:
vertical integration (six items, Cronbach’s alpha72), horizontal integration (six items,
Cronbach’s alpha = .74), event handling, (five ge@ronbach’s alpha = .43) and initiative
taking (three items, Cronbach’s alpha = .63). ExXaspf items of each subscale wefle:
knew what | had to do to meet the overall missibjeaives” (vertical integration);The
tasks and responsibilities of other units were ckeame” (horizontal integration);When
incidents happened, | knew what | had to deVent handling)and “During incidents, |
stimulated team members to take initiativéisiitiative taking).Reliability reached .70 for
the overall scale, indicating adequate levels térimal consistency. Because of the small
number of teams that participated in the presemtlystresponses of individual team
members were not aggregated to the team level.

Performance.Four expert observers rated the overall performarmt the way
that members of the air defence command teams édrtlle critical incidents. Each
participant in the air defence command team wa®rebd by one observer, who had
performed that specific function earlier in his leer career. Additionally, there was one
observer for the team as a whole. Observers wersame for both sessions. Overall team
performance was scored on a twenty-seven item wiserotocol that was based on the
protocol for the qualification of air defence pewsel in the RNLAF. The protocol
considers command and control, communication withenteam and with other networked
units, control of the airspace (air surveillancayd the way in which teams dealt with
actions of the adversary (air battle managementaniples of items are!Did the
<function> develop a strategy to achieve object®’eand“Were enemy actions, and other
factors taken into account when making tacticalisiens?” Consistent with the RNLAF-
protocol, the response categories ranged frommfaut, using the labelauhsatisfactory,
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“marginal’, “satisfactory, and “excellent. Scores at the individual level were not
aggregated to the team level because of the lowbauof teams in the research.

Furthermore, the handling of the critical incidemtas scored by the observers
using an eight-item protocol which was specificatlgsigned for each of the critical
incidents. The protocol included items on situatebmareness, use of information, and
showing knowledge on roles and responsibilitiese Titems were developed by the
researchers and personnel from the RNLAF. Exampfetems are:“The <function>
based decisions exclusively on own informatiamd “The <function> did not correctly
interpret available information”(reversed item). All items in the observer protscakre
eight-point Likert-type items, ranging from 1Strongly disagre® to 8 (“Strongly agre®.

Best practices were developed for all critical degits in the study (three critical
incidents per scenario). The best practices desttrib what ways team members could
respond to the incidents. For instance, it wasriteesd for the incidents in the decentralized
command structure at what point it would be beimffor team members of the air defence
command teams to collaborate with teams from thdtim@ components. This enabled
observers to indicate the quality of team membleesiaviour. Best practices were used in
this way for the assessment of team members’ paece.

Qualitative dataSemi-structured group discussions with the aiede$¢ command
teams were conducted after team members had cadplitte self-synchronization
guestionnaire. Members of the research team watkedmembers of the air defence
command teams and the team of observers from t@atipns room to another room at the
research facility. Both team members of the airedeé command team and observers
participated in the forty-minute group discussi@he group discussions started with team
members, who reflected on their performance. Oleserwere subsequently asked to
discuss the performance of teams. Two researchenes discussion leaders, and made sure
that all team performance criteria that were désctiin the overall performance protocol
were discussed. Another member of the research teakninotes. The empirical findings
and the outcomes of the group discussions areideddn the results section below.

Results

Level of authority

The hypotheses on level of authority were investidan a within-subjects design
and tested in a series of paired-sampi¢sst procedures. Four three-person teams
participated in the study. The effects of level afthority were assessed for team
coordination processes and team performance. Leg fivere used for the analysis of
communication, questionnaires were used for seléisgonization, and a team of expert
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observers rated the quality of team performanceredcwere analysed at the individual
level because of the limited number of teams tlaatigipated in the study. Hypotheses on
communication and self-synchronization were tedisihg eleven degrees of freedom,
because there were two levels and twelve partitspéfarmula for degrees of freedom in
repeated measures designkis-(1) (1 — 1); e.g., Field, 2005). Regarding team performaan
four observers rated the performance of memberss Tésulted in sixteen scores per
condition (four teams and four observers per teding. degrees of freedom differed across
the analyses for team performance, because nabbakrvers scored all items on the
performance protocols for the handling of the caiti incidents and overall team
performance.

Communication. It was expected that when team members of air ndefe
command teams were given a higher level of authagam members would communicate
less with the higher level and more with other meked teams that had capabilities for air
defence (hypothesis 1a).

Results of a series of paired-samphéssts were consistent with our expectations,
as team members of air defence command teams coicatech less with the higher level
when team members had a higher level of authokity=(22.67,SD = 14.39) than when
team members had a lower level of authoify34.42,SD= 19.96,t(11) = 2.42p = .03,

d =.68). Further, team members communicated more ether teams that had capabilities
for air defence when they had a higher level oharity (M = 66.00,SD = 39.48) in
comparison to the command structure where theyaHader level of authorityM = 38.75,

SD = 21.29,t(11) = 1.99,p = .07,d = .86; see Table 2.1). These results fully support
hypothesis la.

It was further expected that team members of @ierite command teams would
communicate more with each other when teams haa exithority (hypothesis 1b). The
mean difference was consistent with this expeatatioit the result of the paired-samptes
test did not reach significance (Table 2.2). Hypsts 1b was not supported.

Table 2.1: Mean scores, standard deviationsj-aest results for communication between
members of the air defence command team and o¢eorked teams

Level of authority

Low High
M SD M SD t df p d
Members of command
teams to higher level 34.42 19.96 22.67 14.39422 11 03 .68
Members of command
teams to otherteams 38.75 21.29 66.00 39.4%9 1. 11 .07 .86

" p< .05, two-tailed” p < .10, two-tailed
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Table 2.2: Mean scores, standard deviationst#est results for communication within the
command team

Level of authority

Low High
M SD M SD t df p d
Communication to
other team members 70.25 20.58 94.17 44.116 1.511 14 .69

Self-synchronizatiorifTeam members of the air defence command teamd 6olle
the self-synchronization questionnaire directlyeaftask completion. Team leaders were
also asked to fill out the questionnaire, becatsedffects of higher levels of authority
were also expected to influence the way that theyctwronized their actions with other
team members and other networked teams. The expeasitive effects of level of
authority on self-synchronization were formulatachipothesis 1c and tested in a series of
paired-sampleg-tests, because assumptions regarding normal bdison of data and
homogeneity of variance were met. Data were andlyssing t-tests since data were
normally distributed and variances did not differass conditions.

Results showed that team members of the air defeogenand teams reported
higher scores for self-synchronization when teammbers were given more decision-
making authorityM = 4.37,SD = .33, in comparison to the command structurerashe
team members had lower levels of authofiy,= 3.91,SD = .43,t(11) = 4.24p <.01,d =
1.20 (Table 2.3). This indicates that team membetger synchronized their decisions and
actions when they were given more authority. Teaemirers who were given a higher
level of authority reported higher scores for \eatiintegrationM = 4.21,SD = .36, than
when team members had a lower level of authokity= 3.74,SD = .39,t(11) = 3.09,p
<.01,d = 1.25. Additionally, team members who were givagher levels of authority
reported higher scores for horizontal integratddn= 4.17,SD = .53, in comparison to the
command structure where team members had a lowelr ¢ authority, M = 3.53,SD =
.57,1(11) = 2.84,p <.01,d = 1.17. Although mean differences were in linehwiur
expectations, no significant differences were fofordevent handling and initiative taking.
The score on the subscale initiative taking wasaaly very high in the command structure
where team members had a lower level of authohity=(4.48). Therefore, it would have
been hard to improve this score substantially. fdsailts provide substantial support for
hypothesis 1c.
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Table 2.3: Mean scores, standard deviations-aest results for self-synchronization

Level of authority

Low High
M SD M SD t df p d
Overall (scores 1-5) 391 43 437 .33 424 11 <.Q120
Vertical 3.74 .39 421 .36 3.09 11 <on.25
Horizontal 353 .57 417 53 284 11 <01.17
Event handling 356 .65 425 137 157 11 15 .64
Initiative taking 4.48 .62 4.73 .52 1.08 11 .30 44

” p < .05, two-tailed

Performance.Hypothesis 1d predicted that level of authority dopositively
affect team performance. Four observers rated énfenmance of members of the team for
eight aspects per event. The scores on these asgbtts were averaged into single scores
for the handling of each of the three critical demts. Judgments of the observers for the
way that team members handled critical incidenssilted in sixteen scores per condition
(four teams and four observers per team). The dsgréfreedom differed across the three
incidents because not all observers rated all itemthe performance protocols. Likewise,
observers judged the overall performance of teammipees using a 27-item observer
protocol. The scores were averaged into scorefiVieraspects of team performance (see
Table 2.4). Again, the degrees of freedom diffepas overall performance aspects because
not all observers rated all items on the perforregmotocols.

Increasing level of authority did positively affeéacident handling, as observers
rated the handling of the critical incidents highdren team members had a higher level of
authority, M = 5.10,SD = .89, in comparison to the command structure eheam
members had a lower level of authority, = 4.34,SD =1.30,t(14) = 3.21p<.01,d = .68
(Table 2.4). Similar results were obtained for @lleteam performance, as team members
who were given a higher level of authority, = 2.64,SD = .53, performed better than in
the command structure where team members had ar l@vel of decision-making
authority,M = 2.35,SD = .80,t(8) = 1.85,p = .05,d = .43. These results fully supported
hypothesis 1d.

48



Chapter 2

Table 2.4: Mean scores, standard deviationst-aest results for team performance

Level of authority

Low High
M SD M SD t df p d

(scores 1-8)

Incident handling 4.34 1.30 5.10 .89 3.21 14 <.0168
Incident 1 480 106 550 .79 291 12 “01 .75
Incident 2 416 147 500 1.05 263 13 "01 .66
Incident 3 405 138 481 110 153 11 *.07 .56

(scores 1-4)
Overall performance 2.35 .80 2.64 .53 1.85 8 " .05 .43

Command and control 2.28 .76 2.50 .76 1.17 13 .13 29
Communication 258 .67 289 51 206 14 "03 .52
Air Battle Managemen2.34 .79 2.40 .63 .30 14 .39 .08

Air Surveillance/
Track production 2.43 .90 273 .54 149 9 *.09 .40
Air Surveillance/
Identification 226 .85 2.78 .60 1.73 8 06 .71

Note: the degrees of freedom differ across perfoeecriteria because observers did not score althi on the
protocol at all times
“ p < .05, two-tailed” p < .10, two-tailed

Joint experience

The hypotheses on joint experience were analyseal between-subjects design
and tested in a series of independent-santgkest procedures. Two teams had lower levels
of joint experience, and two teams had higher k@l joint experience. Scores were
analysed at the individual level because of thétdidhnumber of teams that participated in
the study. Analyses were performed separately Her ttvo levels of authority because
otherwise the assumption of independent samplesldwbe violated because of the
repeated-measures design of level of authority. diyses on self-synchronization and
communication were performed with ten degreeseddom, since the degrees of freedom
for independent samplestests are calculated by adding the two sample s@eb
subtracting the number of samplef £ 6 + 6 — 2 = 10, e.g. Field, 2005). Finally, the
number of the degrees of freedom for team perfoomestores differed because not all
observers scored all items on the performance potto

49



Effects of level of authority and joint experierae coordination in virtual teams

Communicationlt was expected that joint expertise would hegmiemembers to
communicate less with the higher levels, and withep networked units that had
capabilities for air defence (hypothesis 2a). Respfiovided us with no support for this
hypothesis. Team members with higher levels oftjeipertise communicated everore
with other networked teamb] = 51.33,SD= 19.17, than team members with lower levels
of joint experienceM = 26.17,SD= 17.14t(10) = 2.48p = .03,d = 1.38, in the command
structure where team members had a lower levelutifoaity (Table 2.5). No significant
differences were found for communication with thigher level. Hypothesis 2a was
rejected.

Regarding communication between members of thdeignce command team, it
was hypothesized that joint experience enabled sdarsommunicate less with other team
members (hypothesis 2b). No significant differeneesre found between teams that
consisted of team members with higher levels aftjekperience and teams that consisted
of team members with lower levels of joint expedenTable 2.6). No evidence was
obtained that experience influenced communicatietwben team members of the air
defence command team, providing no support for thgsis 2b.

Table 2.5: Mean scores, standard deviations,tdest results for communication between
members of the air defence command team and ogteorked teams

Level of joint experience
Low High
M SD M SD t df p d

Condition: low level of authority
Members of command

teams to higher level 26.33 20.53 4250 17.25481 10 A7 .85
Members of command
teams to other teams 26.17 17.14 51.33 19.148 2. 10 03 1.38

Condition: high level of authority
Members of command

teams to higher level 20.67 13.62 24.67 16.186 . 10 .65 .27
Members of command
teams to other teams 74.33 13.62 57.67 31.3 . 10 .49 .70

™ p < .05, two-tailed
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Table 2.6: Mean scores, standard deviationst#@est results for communication within the
command team

Level of joint experience
Low High
M SD M SD t df p d

Condition: high level of authority
Communication
to other team members 69.17 19.48 71.33 2344 . 10 .86 .10
Condition: high level of authority
Communication
to other team members 89.17 37.51 99.17 53.(8BB 10 71 .22

Self-synchronizationlt was hypothesized that higher levels of joint exgnce
would help teams to better synchronize their asti@mypothesis 2c). Hypotheses were
tested separately for the two levels of authoiitwo series of independent samptessts
were conducted because assumptions regarding nodisttibution of data and
homogeneity of variance were met.

Results indicated that joint experience did affeelf-synchronization, but only
when teams had lower levels of authority (Table12.@nd Table 2.7.2). Team members of
teams with higher levels of joint experiendd, = 4.07,SD = .37, synchronized their
actions better with other team members and othevanked units than team members of
teams with lower levels of joint experiendé, = 3.51,SD = .27,t(10) = 2.94p = .02,d =
1.73) under lower levels of authority. Follow-ujiests (see Table 2.7.1) revealed that
teams with higher levels of experience reportedérigscores for integrating their actions
on the vertical dimensiorM = 4.03,SD = .25, than teams with lower levels of joint
experienceM = 3.44,SD = .26,t(10) = 4.07p = .01,d= 1.91. Teams with higher levels
of experience also reported higher scores for mtayy their actions on the horizontal
dimension,M = 3.83,SD = .56, than teams with lower levels of joint expece,M =
3.22,SD = .42,t(10) = 2.15,p = .06,d = 1.23. Finally, teams with higher levels of
experience also reported higher scores for thelimandf critical eventsM = 3.92,SD =
.66, than teams with lower levels of joint expeceM = 3.21,SD =.43,t(10) = 2.19p =
.05,d = 1.27. Importantly, no effect was found for sejlfishronization in the command
structure where team members had a higher levehutiiority (Table 2.7.2). In this
command structure, team members with a higher lefvglint experienceM = 4.41,SD=
.27, did not report significantly higher scores $eif-synchronization than team members
with a lower level of joint experienc®] = 4.20,SD= .38,t(10) = 1.15p = .28,d = .64).
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In sum, the results indicated that joint experiemiienced self-synchronization,
but only when teams had a lower level of authorithese results partially support

hypothesis 2c.

Table 2.7.1: Mean scores, standard deviationst-text results for self-synchronization

(condition: low level of authority)

Level of joint experience

Condition: low level of authority

Low High
M SD M SD t df p d
Overall (scores 1-5) 351 .27 407 .37 294 10 T.02.73
Vertical 3.44 26 403 .25 4.07 10 To11.91
Horizontal 322 42 3.83 .56 215 10 ".061.23
Event handling 321 .43 392 .66 219 10 .08.27
Initiative taking 4.33 .61 4.63 .64 .81 10 44 41,

“ p < .05, two-tailed” p < .10, two-tailed

Table 2.7.2: Mean scores, standard deviations,tdest results for self-synchronization

(condition: high level of authority)

Level of joint experience

Conditiotigh level of authority

Low High
M SD M SD t df p d
Overall (scores 1-5) 4.20 .38 4.41 .27 1.15 10 .28 .64
Vertical 400 .33 442 27 237 10 704 1.39
Horizontal 3.92 .23 442 .65 1.78 10 11 .021
Event handling 4.50 1.98 4.00 .22 .61 10 .55 .35
Initiative taking 463 54 483 .52 .68 10 .51 38.

" p< .05, two-tailed” p < .10, two-tailed

Team performanceAs can be seen in Table 2.8.1 and Table 2.8.2nt joi
experience did not influence team performance imseof handling of critical incidents.
Team members of air defence command teams withtehighiels of joint experienc®] =
4.91,SD = 1.14, did not handle critical incidents sigrdfitly better than team members of
air defence command teams with lower levels oftjexperienceM = 3.84,SD = 1.29,
t(13) = 1.68p = .12,d = .88, under the conditions of lower level of auttyo There seemed
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to be a trend that team with higher levels of j@rperience were better in handling critical
incidents, but this trend did not reach significan8imilar results were obtained under
conditions of high levels of authority, becausememembers of air defence command
teams with higher levels of joint experiend&, = 5.39,SD = .72, did not handle critical
incidents significantly better than team memberaipnfiefence command teams with lower
levels of joint experiencé/ = 4.83,SD =.95,t(14) = 1.33p =.21,d= .66.

Table 2.8.1: Mean scores, standard deviations, teedt results for team performance
(condition: low level of authority)

Level of joint experience Condition: low level of authority
Low High
M SD M SD t df p d

(scores 1-8)

Incident handling 3.84 1.29 4091 1.14 1.68 13 .12 .88
Incident 1 403 154 491 104 127 13 .23 .67
Incident 2 373 125 427 166 128 12 .23 37
Incident 3 382 153 510 .77 1.70 10 .12 061.

Overall performance 2.12 .65 3.00 .56 2.26 9 *.08.45
Command and control 2.00 73 2.67 .69 1.74 12 11 94
Communication 225 61 2.95 56 231 13 ".04.20
Air Battle Management1.83 .61 293 51 374 13  7.00.99
Air Surveillance/

Track production 214 84 3.07 55 215 10  ©.06.31
Air Surveillance/
Identification 200 .77 2.83 .46 231 11 704.32

Note: the degrees of freedom differ across perfoaecriteria because observers did not score athi on the

protocol at all times
” p < .05, two-tailed” p < .10, two-tailed

Joint experience did influence overall team perfmoe, as team members with
higher levels of joint experienceM = 3.00,SD = .56, performed better than team
members with lower levels of joint experienbé,= 2.12,SD = .65,t(9) = 2.26,p = .05,d
= 1.45 in the command structure where team membads a low level of authority.
Importantly, this result was obtained only in tli@ations where teams had a low level of
authority. Inspections of Table 2.8.1 and Table2t8ach us that the lack of results may be
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attributed to performance differences between teaitissimilar levels of joint experience.
In sum, the results provide partial support fordtiyesis 2d.

Table 2.8.2: Mean scores, standard deviations, teedt results for team performance
(condition: high level of authority)

Level of joint experience Condition: high level of authority
Low High
M SD M SD t df p d

(scores 1-8)

Incident handling 4.83 .95 5.39 .72 1.33 14 21 6 .6
Incident 1 5.23 79 5.72 72 1.20 12 .25 .65
Incident 2 452 112 559 .68 233 14  "041.15
Incident 3 5.15 1.15 484 1.17 .54 14 .60 .26

Overall performance 2.33 42 2.78 .57 1.48 9 A7 0.9
Command and control 2.38 .85 2.67 .66 .69 12 50 8 .3
Communication 2.75 43 3.12 .64 1.53 14 .15 .68
Air Battle Management2.40 75 2.42 .50 .07 14 .95 .03
Air Surveillance/

Track production 2.56 .62 2.81 .54 .80 11 45 43
Air Surveillance/
Identification 2.80 73 2.83 .40 .10 9 .93 .05

Note: the degrees of freedom differ across perfoeecriteria because observers did not score athg on the
protocol at all times
" p< .05, two-tailed” p < .10, two-tailed

Interaction effectin the present research we combined a withinebjdesign
and a between-subjects design. The effects ofabirs were addressed separately when
testing the hypotheses on level of authority arik jexperience, but the effects can also be
tested in a ‘between-within subjects analysis ofaree’ (Tabachnik & Fidell, 1996). A 2 x
2 General Linear Model (GLM) repeated measuresgdesias used to analyze the data,
with level of authority as within-subjects varialaed joint experience as between-subjects
variable. It was expected that the effects of lesfehuthority on performance would be
larger for team members of joint air defence teavith higher levels of joint experience
than for team members of joint air defence teanth vawer levels of joint experience
(hypothesis 3). Results of the analyses are pregéntTable 2.9.
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No interaction effect of level of authority andrjbexperience was found in the
handling of critical incidents (F(1,9) = 1.79= ns n° = .16). Alternatively, an interaction
effect of level of authority and joint experienceaswfound regarding overall team
performance (F(1,9) = 4.88,= .04,1° = .41). An inspection of Tables 2.9, 2.8.1, argi2.
revealed that the team members with a lower lef/@iot experience profited more from
the extra authority than team members with higbeels of joint experience. Hypothesis 3
was rejected.

Table 2.9: Mean scores, standard deviations, apéated-measures ANOVA results for
level of authority and joint experience

Level of authority

Low n=12) High 6 =12) Effects
Low level of High level of Low level of High ley
of joint experience joint experience joint exgade  joint experience
Handling of
critical incidents
M 3.84 4.91 4.83 5.39 "a
SD 1.29 1.14 .95 72
Overall team
performance
M 2.12 3.00 2.33 2.78 "ca
SD .65 .56 A2 .57

Note: a = main effect level of authority; b = magffect of joint experience, c = interaction efflmstel of authority
X joint experience
" p<.10, two-tailed

Qualitative results

The results of the group discussions with thedafence command teams and the
observers are described befoWhe protocol for the group discussions were basethe
team performance protocol that observers usedcimirg) the overall performance of the
air defence command teams. As was discussed abweyrotocol considered command
and control, communication between members ofgéhentand with other networked units,
air surveillance, and way in which teams dealt vathions of the adversary. The group
discussions started ten minutes after the scematbended. The group discussions took
forty minutes. Two members of the research teame wiscussion leaders and made sure

* The majority of participants and observers weréenia order to describe qualitative
results anonymously, all responses are descritiad Ue’, ‘his’, etcetera.
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that all performance criteria were discussed, drad all team members reflected on the
non-traditional command structure after the secendnario. Another member of the
research team took notes. The outcomes of the gitmgpissions are described below for
level of authority and joint experience.

Level of authorityTeam members of the air defence command teamsteephat
they had to get used to the new command structutieei second session. Team members
remarked that they needed some time to work out th@y could make use of the higher
level of authority, but that this became clear hlenh by the time the critical incidents
happened. Teams had different opinions regardiageffects of higher level of authority.
Some team members and team leaders reported thatwhre fully occupied when
performing their tasks in the traditional settiagd therefore they could make no effective
use of the higher level of authority. Other teagsorted that the higher level of authority
helped the team to play a more active role in @dintg the air space. The comments of the
observers in the second group discussion indiciatdthe team leader was important for
this, because not all team leaders provided infaomao team members about how the
extra authority could help the team members togoarttheir tasks.

Team leaders instructed their teams in the teahelebriefing about the way they
intended to operate. In the briefing the team leadiglressed how the team should make
use of the extra authority. Observers noted ththbagh most team leaders did address this
issue at the team level, they didt specify how this affected individual roles of theO
and the FA. Only one team leader addressed thabjigsfor collaboration with the
maritime component by discussing the capabilitieshe frigates (e.g., personnel, radar
capabilities, weapons). Further, he promoted im#ataking by stating that “If you want
assets from them, look at the AAWC and the MC”".sThieans that some team leaders
addressed the higher levels of authority at thentésvel, but did not work out how this
affected the roles and responsibilities of team e subsequently. This made it hard for
team members to make effective use of the higheel lef authority, such as taking
initiatives with other networked teams without coltisg team leaders or higher
organizational levels first.

Further, observers indicated that not specifyirdjviidual roles and the potential
of maritime component units in advance made adaptaduring operations difficult,
because teams were quite overloaded when handtitigat incidents. During critical
incidents, task demands simply exceeded the cageilof team leaders, leading to
impaired information sharing and, more importanthembers of the command team had to
wait to get approval for taking action. In otherrds, if the team is not working well,
networked interactions will be reduced. One pgtoi commented:The team had to
complete the whole OODA-logpvhile in the traditional command structure théemt and

® The OODA-loop is a decision-making loop that isdign the military for decision making at the stgit level.
It consists of four phases: observe, orient, decidd act. See http://en.wikipedia.org/wiki/OODA dpofor a
description of the loop.
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decide were done by the CAOCThis comment indicated that higher levels of atiti
influenced the roles and responsibilities of aifedee command teams in terms of
information processing, communicating, and cooritimawith other team members and
other networked teams. As a consequence, the nkw amd responsibilities may have
prohibited air command teams to develop collahonatwith the maritime component on
time. These teams workédehind the power curve as another participant remarked. This
participant commented thdimore decision power means more freedom, but alspsem
thinking”. Nevertheless, participants reported that theaestuthority enabled them to
synchronize their decisions with regard to the timae component and that this helped
them to handle the critical incidents better. Rgrtints and observers agreed that, when the
new roles and responsibilities are clear to the bwm of the teams, the higher levels of
authority enabled air defence command teams toormespnore effectively to critical
incidents. Teams could establish coordinated actwth teams from the maritime
component more quickly, which made it possible @aldvith critical incidents at an early
stage.

ExperienceJoint experience affected some aspects of teamdic@ation processes
and team performance according to the observetglifiarences between teams that had
similar levels of joint experience were also nadic&his made it difficult to interpret the
results on joint experience. For instance, obseraaed members of air defence command
teams indicated that the impact of working withfetiént equipment and in a slightly
different command structure did seem to primarffe@ teams with lower levels of joint
experience. At the same time, a team leader ttdhlittie joint experience did provide his
team with clear roles and responsibilities, ang team responded well to incidents and
taking initiatives toward the maritime component.

The collaborations of the air defence command $eamith the maritime
component in the second session were very divédse team was hesitant to let the
maritime component help in handling incidents, whdnother team already initiated
collaboration with the maritime component wheniti@dent was merely building up. This
team let the maritime component handle the incideith their own assets. Again,
differences were observed for both teams with tridéneels of joint experience as well as
teams with lower levels of experience, and there m@indication that differences in level
of joint experience affected the effective utilinatof higher levels of authority.

Discussion

The goal of the present research was to gain aedeenderstanding of team
coordination in virtual teams and to investigatewhat ways level of authority and
experience on similar tasks would affect coordovaprocesses in virtual teams. A research
programme at TNO offered the possibility to studiséng air defence command teams in
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a realistic research environment. It was decidedttaly air defence command teams
because all communication in these teams is mebligtéechnology. Some level of control

over the environment could be established becausestudy was conducted in a high-
fidelity simulation environment. Establishing sorexel of control made it possible to

systematically manipulate level of authority (bywsting the command structure) and level
of experience (by inviting teams with different éds of joint experience). Since air defence
command teams have to coordinate their actionsonlyt with other team members, but

also with other teams (e.g. higher organizatioralel, platforms), we also studied

coordination with other teams in the this studywdis decided to apply a mix of qualitative
and quantitative techniques, and different soumieslata. This research approach was
conducted because the number of data points watedirm the present research. Four air
defence teams performed two similar joint air deéertasks, and team coordination
processes and team performance were assessed.

The results of level of authority generally supgpdrthe benefits of delegating
authority to teams at the edge of organization® @halysis of communication log files
revealed that there was less vertical communicaiionthe decentralized command
structure, which would mean that air defence contna@ams had more time to interact
with other networked teams that had capabilities &r defence. The amount of
communication with other networked teams indeedeiased when teams had a higher
level of authority. The results of self-synchroni@aa supported this view, as air defence
command teams that were given higher levels ofaiiyhsynchronized their actions better
with those of other team members and with othewordted units. Ultimately, air defence
command teams in the decentralized command steupenformed better when it came to
handling of critical incidents and overall teamfpemance.

In all, the quantitative results indicated thaghdr levels of authority enable teams
to perform better in complex and dynamic environteemhere dealing with unpredicted
change is the key to operational success.

The outcomes of the group discussions indicatadl ttie role of team leaders is
highly important for the way in which teams utilitee higher level of authority. When
authority is delegated to air defence teams, tezaddrs can either share authority with
members of the team, or ‘absorb’ the extra autiestitTeam leaders who absorbed the
extra authority in fact extended the number of $attlat they had to perform in this way.
Observers indicated in the group discussions thedrtion of the extra authority was not
an effective approach, because team leaders beosemwaded when critical incidents
occurred. While teams may have performed bettéheéndecentralized command structure,
the performance increases could have been grdatam leaders would have delegated
some of the extra authority to team members. Thieoowes of the group discussions
indicated that team leaders differed in this regpmad that the team leader briefing is an
important indicator for this. When team leaders dat specify in what ways the extra
authority would affect the tasks and responsib#itof team members, it appeared to be
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hard for team members to make effective use ofetttea authority in the decentralized
command structure. Observers indicated that thaaigpof teams to change the roles and
responsibilities of team membataring task execution was limited.

In conclusion, the findings of the present redeamdicate that increasing levels of
authority for teams that are located at the edgerghnizations positively affects team
coordination and team performance. Team membeesr afefence command teams were
able to make effective use of the new possibilitieest a higher level of authority offered
them in terms of flexible, adaptive decision makinghe findings on the self-
synchronization questionnaire imply that team memmlveere better able to synchronize
their efforts with other team members and othewosdted teams.

The outcomes of the group discussions indicatettieapositive effects of higher
levels of authority hinge on the extent to whichrnteleaders delegate some of the authority
to team members. Team members indicated that wieetteam leader had not addressed
how the extra authority affected the roles and oasjbilities of team members, team
leaders were not able to do this during task exaecufhe importance of leadership style
became apparent during critical incidents, as tiemters who did not delegate some of the
extra authority to team members were so occupid¢i aéaling with the incident that team
members had to wait to get information or apprdeakuggested actions.

Results on the effects of joint experience werss leonsistent. Teams that
consisted of team members with higher levels aftjekperience reported higher scores for
three aspects of self-synchronization (vertical amatizontal integration, and event
handling) than teams that consisted of team membiénsdower levels of joint experience,
but only under conditions of lower levels of auihorTeams that consisted of experienced
team members also had a performance benefit oaerstéhat consisted of inexperienced
team members. However, also these differences pisapd when teams were given a
higher level of authority. Analysis of the commuation log files revealed that the amount
of communication between team members of the d@nde command teams and between
these teams and other networked units did noediffetween groups. Further, team
performance scores indicated that there was noaictien between level of authority and
joint experience in the expected direction. Thiansethat teams with higher levels of joint
experience were not able to make more effective afskigher levels of authority than
teams with lower levels of joint experience. Takigether, the quantitative results
indicated that joint experience may help teamsddopm better on a similar task and to
communicate better, but that this may not help tetmadapt to higher levels of authority.

A possible explanation for the results on selfetynnization and the interaction
between level of authority and joint experience team performance may result from
ceiling effects. Inspections of Tables 2.7.1.,2,72.8.1, and 2.8.2. showed that scores for
self-synchronization and performance of team membydth higher levels of authority
were already high in the first session. This mayehaade it difficult for team members
with high levels of experience to improve theirg=on the second scenario.
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Finally, it is important to note that teams wiimsar levels of joint performance
differed considerably on various team performarmmes. This makes that the role of joint
experience on coordination in air defence commanchs remains unclear.

A final remark should be made regarding possibdarrding effects and
confounding of learning effects and the maniputaiid level of authority. A considerable
set of measures was taken to prevent learningteffemd thus confounding of learning
effects and the manipulation of level of authoritjiditionally, Cooke et al. (2007) found
that experienced command and control teams may haperformance advantage over
inexperienced teams on a command and control tagknot a learning advantage. They
found that prior experience on a command-and-cobrask did benefit experienced teams
in terms of performance, but both experienced teant inexperienced teams showed
similar performance improvements in a series of Bessions on a complex command and
control task. Although we had no indication thairhkeng effects did occur, no empirical
support can be presented that learning effects viedeed successfully prevented.
Likewise, there is no empirical evidence that owasures regarding potential observer
biases were effective. These limitations tempeiiriterpretation of the results.

Theoretical and practical implications

The present research was intended to gain a deemdgrstanding of team
coordination in virtual teams and to identify in attways level of authority and experience
on similar tasks would affect coordination processevirtual teams. Results indicated that
higher levels of authority affected virtual teamdine with our expectations. Higher levels
of authority reduced communication on the verticiinension of organizations, increased
communication at the horizontal dimension, and tedmmtter synchronized their actions
with regard to other team members and other newdbrieams. Ultimately, teams
performed better in the second session in termbamfdling unexpected incidents and
overall team performance.

The most important theoretical implication is, haee that these effects hinge on
the way that team leaders utilize the extra authorligher levels of authority at the team
level also requires teams to reconsider the wal ttiey perform their tasks in terms of
leadership style, sharing workload, and a morevagible in the development of adaptive
responses to unpredicted change. Importantly, éleeation of decision-making authority
towards the team level will not lead to better perfance per se, as team leaders may
absorb these extra authorities and become ovedoatien unpredicted changes occur. The
importance of preparing team leaders to whom eatrdnoritiesare delegated tas not
incorporated in theory on networked military op&nas. Results of the present study
indicate that higher levels of authority offer n@pportunities to teams, but that these
opportunities face teams with additional task dessarTherefore, team leaders have to
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reconsider their activities and explore in what waythority can be shared with team
members.

A practical implication is that team leaders willivie to be prepared for making
effective use of higher levels of authority in netked environments. The preparation of
team leaders should be focused on how teams carafgs the opportunities for effectively
integrating the actions of different team membersvall as sharing workload and resources
with other teams.

Another practical implication is that teams haveb&prepared for working with
higher levels of authority before task executioreah members indicated that when
incidents are building up, there is no time lefetplore the capabilities of other teams or
platforms in the network, so this has to be donéoreethe start of a mission (e.g.,
Dalenberg, Vogelaar, & Beersma, 2009). Results ssigifpat it may be important for teams
to find out what other teams are present in thevot beforehand, and how workload or
resources may be shared with other teams. We pedpasthis would enable teams to take
initiatives during task execution and, subsequerntyrespond effectively to unpredicted
change.

Results on joint experience did lead to inconststesaults, since joint experience
did not affect self-synchronization, communicatiand team performance under conditions
of high authority. The inconsistencies between amigs on team coordination processes
and team performance suggest that the relation degtwjoint experience and team
performance is also influenced by other factors tie@m coordination. Possible factors are
motivational (e.g. collective efficacy, team empomwent) or affective (team cohesion,
emotional distress; see Zaccaro, Rittman, & Ma2k§1).

Strengths, limitations, and directions for furthhesearch

The research was aimed to study the benefits aérdealization of the command
structure in a realistic command and control emrnent. A strength of the present
research is that air defence command teams perfoanmmplex air defence scenario in a
realistic working environment. Further, the creataf a JCOP and the decentralization of
the command structure were in line with theory @tworked military operations. This
means that the results of the present researchilmatet to theory on networked military
operations for determining effects of levels ofreuity to teams that are located at the edge
of military organizations.

Limitations of the present research result fromitied levels of experimental
control and a limited number of available teamsthédigh some level of control was
established by means of working with scenariog ptdyers and a white cell, multiple data
sources, and protocols, teams nevertheless diffaretltiple respects, such as the way in
which team leaders prepared themselves for therexpet. These differences are typical
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for team research in which existing teams partteipand can only be minimized by

increasing the number of teams and establishing lagels of experimental control. The

low number of teams that participated in the stadgans that generalizability may be

limited. Further, the military context of the resgathat was conducted makes that the
findings have limited value in other environments.

The results of this study lead to clear suggestion future research. The crucial
role of leaders of air defence command teams adesdarther research on leadership style
in teams that are networked through information @&ednmunication technology and
operate in complex and dynamic environments.

Conclusion

The present research was conducted to study feetebf level of authority in a
realistic command-and-control setting. Further,ghaly was aimed at determining the role
of experience in joint operations regarding thditgbof teams to make effective use of the
extra authority. The study had a case study relkemproach and was carried out in a semi-
controlled research environment. Four air commaadns completed two scenarios. In the
second scenario, the command structure was altgyeidcreasing the level of decision
making authority of air defence command teams.

The present research demonstrated that increttsinigvel of authority for teams
at the edge of organizations is positively relai@perational effectiveness. Air defence
command teams handled incidents better and pertbromgter overall when decision-
making authority was delegated to them. At the sime, more authority also meant that
teams faced additional demands in terms of decisiaking and synchronization of own
actions with those of other teams. Team leadengefla key role in this process, as team
leaders determined how the extra authority wasiegpleam leaders differed in the way in
which they utilized the extra authority. Some tel@aders ‘absorbed’ the extra authority
and the higher levels of authority did not affdw tvay in which team members performed
their individual tasks. Alternatively, other tearmatlers shared authority with team
members. These teams could share the workloadréisatted from the increased task
demands. Sharing authority appeared to be an iHeatay to make use of extra
authorities.

In sum, this study showed that increasing thellefr@uthority of teams that are
located at the edge of organizations affects teaondination processes and performance.
The findings also indicate that extra informaticanchamper team processes when teams
are not trained to handle extra information andhauity. Decentralization of the command
structure potentially enables flexible, adaptiveisien making, but at the same time it puts
additional demands on particularly the leadersrofi@fence command teams.
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Chapter 3

Effects of leader ship style on coordination in virtual teams

I ntroduction

Organizations increasingly operate in complex agdachic environments that
require adaptive action. In these environmentsrirgdions rely on teams that can adapt to
changes ‘on the fly’ by flexibly applying their cagities, expertise, and resources (Burke,
Stagl, Salas, Pierce, & Kendall, 2006; LePine, 200®am members’ actions have to be
coordinated in order to achieve a commonly shaa (Entin & Serfaty 1999; Van de
Ven, Delbecq, & Koenig, 1976; Zaccaro, Rittman, &ids, 2001).

Team coordination is defined athé process of orchestrating the sequence and
timing of interdependent actich§Marks, Mathieu, & Zaccaro, 2001: pp. 367-368).
Coordination processes in teams are either expticiimplicit. Examples of explicit
coordination are planning processes and overt camwation. Implicit coordination is
observed when team members anticipate on other teambers’ needs and actions and
adjust their own behaviour accordingly (Entin & fagr 1999; Serfaty & Kleinman, 1990;
Rico, Sanchez- Manzanares, Gil, & Gibson, 2008j.ikgtance, when making decisions in
military operations, military teams have to procksge amounts of information about the
different aspects of operations. As it would be dsgible for all team members to process
and interpret all information, team members hawiaptions about who will process what
information. These assumptions are based on ro&sponsibilities, knowledge about
information distribution, and past experiences. @yicipating what other team members
will do and by adjusting own behaviour accordingllye team is able to processes the
information without using explicit coordination.

The most important benefit of implicit coordinatienthat it requires less effort of
team members than explicit coordination proces3éés makes implicit coordination
particularly useful in high workload conditions dte stress or complexity of the task
(Burke et al., 2006; Entin & Serfaty, 1999; EntBerfaty, & Volpe, 1993). Teams rely on
routines and stable work distribution and intetielapatterns in high workload conditions
for establishing implicit coordination processesams must further have shared and
accurate perceptions of the situation at hand dieioto align their behaviour without using
explicit communication (Rico et al., 2008; WeickRoberts, 1993). Establishing implicit
coordination processes is difficult for teams thhare the same physical location, but is
even harder for members of virtual teams becausthefdispersion by time, distance,
and/or technology (Bell & Kozlowski, 2002; Ricoat, 2008; Zaccaro, Ardison, & Orvis,
2004).
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So how can implicit coordination in virtual tealms fostered? Team leaders play a
key role in team coordination processes, as they@sponsible for a number of relevant
team coordination processes, such as matching aokkseam members, offering strategies
to complete the task, and providing feedback. (Kezski, Gully, Salas, & Cannon-Bowers,
1996; Zaccaro et al., 2001). Virtual team leadémyever, also face obstacles due to
dispersion that are likely to affect their abilgi¢o perform leadership functions such as
mentoring and coaching team members, and monitotgagn processes. The main
difference between leaders of collocated teamsleaders of virtual teams is that virtual
team leaders have less or no opportunities for-fadace communication when executing
their leadership functions due to dislocation. 8irteam leaders cannot perform all
leadership functions in virtual teams because afational, temporal, and relational
boundaries, virtual teams will profit from partieifion of team members (Bell &
Kozlowski, 2002; Kahai, Sosik, & Avolio, 2004). Tredeaders can consult team members
before making a decision, or team members canda&e some of the leadership functions
of team leaders (e.g. managing material resouinésmation searching). Team leaders
can also share workload with team members by diédegauthority to team members for
taking actions or implement decision on specifithjsasks. For these reasons, participative
and delegating leadership styles are importanes$or virtual teams.

Participative and directive leader ship stylesin virtual teams

A classification of leadership styles that diffdiated leaders has been made in
1939 by Lewin, Lippitt, and White. These authoredishe labels autocratic, democratic,
and laissez-faire leaders. The latter label ha®recless popular, because it describes
leaders who give team members complete freedormargliidance or feedback on how to
complete the task unless asked to. This passieeofdeam leaders is incommensurate with
the tasks and environments in which teams fundiialay. The other two styles refer to
leadership in terms of team member participatidreylrange from leadership styles that do
not include participation of team members (autécrat directive leadership) to leadership
styles where team members participate in decisiakimy and/or where responsibilities are
shared across members of the team (participatidedlamocratic leadership).

Directive leaders limit team member participation decision making by
controlling team decision making and interactiongasses or by dominating the selection
of a specific outcome (Peterson, 1997). The keyaatteristic of directive leaders is that
these leaders control team member actions by grayidirections and seeking compliance
of team members (Bass, Valenzi, Farrow, & Salom@y5; Durham, Knight, & Locke,
1997; Kahai, Sosik, & Avolio, 1997). Here, teamdees centralize the decision making
process. Directive leadership occurs when leadesely control how a task is done (see
Sagie, Zaidman, Amichai-Hamburger, Te'eni, & Schwa2002).
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Regarding participative leadership styles, pation of team members can take
many forms, such as asking the opinions of team Imeesnbefore making a decision or
team leader and team members deciding togetherl,(20R6). Team leaders may consult
team members for various reasons, such as makingalpse of the available knowledge
in the team or making a decision that is favourgdtiie majority of team members.
Alternatively, delegating authority to team membareans that team leaders share their
power with team members by giving team membersaaifyhor responsibility to take
action or to implement decisions without direct ttohof the team leader. Team leaders
may delegate authority to team members when taskadds exceed the capabilities of
team leaders to perform their functions, such asnakorkload is high because of timelines
or when team leaders have no expertise in a relel@main. Therefore, participation and
delegation are separate categories of managehavimir (Leana, 1987; Yukl, 2006).

Virtual teams call for a mix of participative leaxghip and delegation of authority
to team members for several reasons. First, menadfesfistual teams are typically selected
for their individual expertise, perform their taskem different locations, and may come
from different organizations (e.g., Bell & Kozlowsk002). Team leaders have limited
possibilities to control team member actions irsthsituations, and therefore team leaders
will have to delegate authorities to team membdrsis enables team members to
accomplish their tasks in the way that they thimkést, and team leaders can focus on the
leadership functions that can be performed at tamig, such as setting time lines or
managing team progress. Second, delegating aythoriteam members means that less
coordination is needed between team leaders andrteambers. Reducing the coordination
needs of teams makes that team members can focathenactivities that contribute to
team performance, such as performing individudgas

Participation of team members offers benefits idual teams when making
decisions. Here, team leaders will consult team b@mfor their opinions in order to come
to the best decision. Participation of team memhehss team leaders to make optimal use
of all available knowledge. Another reason for pgsation may be that decisions have to
be acceptable to all team members. This may beplary important for virtual teams that
consist of members from different organizations ¢oganizational parts), whose team
membership is based on expected positive outcomreslif stakeholders. Now that the
differences between delegation of responsibilitteseam members and participation of
team members in decision making have been addressedmix of delegation and
participation in virtual teams will be referreddse participative leadership in the remainder
of this thesis.

In sum, it can be concluded that participation egnh members is important for
virtual teams to make optimal use of the expemiséeeam members, reduce the need for
coordination, and to increase the quality of tearfggmance. Team leaders play a crucial
role here, as leadership style does not only déternm what way team members
participate in decision making, but also influeteam coordination processes.
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Team coordination processesin virtual teams

The effects of team leadership style are consitere directly affect team
processes in virtual teams (Zaccaro & Bader, 2Qscaro et al., 2004). The present
research is focused on identifying the importanicee@m member participation on implicit
coordination in virtual teams. The team proceskaswere studied were team information
processing, team situation models, and self-symibation (see Figure 3.1). Team
information processing was studied because it descthe sharing of information, ideas,
or cognitive processes in teams (Hinsz, TindaleV@lrath (1997). Team information
processing concerns the selection of informatiomfthe environment and the retrieval of
information from the collective memories of membefghe team in the light of the team
goals. Team situation models convey team membemntah representations of the
operational situation (Cooke, Stout, & Salas, 20Rico et al., 2008). Team situation
models represent the dynamic understanding ofithation of team members, and contain
information on the team, the task, and the envimmmSelf-synchronization refers to
implicit coordination in virtual teams, and concerthe predictions and expectations of
team members about the actions of other team mendet task states. Further, self-
synchronization describes the dynamic adjustmenh@fbehaviour of team members that
follows from these predictions.

Team coordination

LeaderShip Style I‘*’ - Team information processing Team performance

- Team situation models
- Self-synchronization

Figure 3.1: Research model

Team information processing

Team information processing is a crucial team @secthat influences team
coordination and performance when teams are cogftiowith problems (Zaccaro et al.,
2001). The model of Hinsz et al. (1997) providegemeral framework for information
processing in teams. The framework was describecChapter 1. Team information
processing describes the activities of team member®btain information from the
environment. Information from the environment isqessed in the processing work space,
where information is combined with knowledge ttsatatrieved from the memories of team
members. The integration of information occurs & basis of beliefs and rules, which
ultimately leads to actions in the form of judgn®eat decisions.
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Participation of team members in team informatioacpssing is possible when
team members are capable and experienced withateBpéheir task (Kozlowski, 1998;
Kozlowski et al., 1996). Team member participatisnbeneficial for teams because
leadership functions such as searching, structuramgl utilizing information can be
transferred to team members (Zaccaro et al., 2001 .effects of leadership style on team
information processing have been addressed by K&uwsik, and Avolio (1997), who
found that participation is positively related teetgeneration of problem solutions and
productivity on moderately structured tasks. Ineliwith this finding, Larson, Foster-
Fishman, and Franz (1998) found that participat@adership leads to more information
sharing between team members. Information procgssind sharing are important
determinants of team effectiveness for complex gaskhere team members are
interdependent (Jehn & Shah, 1997; Mesmer-Magnu3e&hurch, 2009). It is expected
that the benefits of team member participation dletd for information processing in
virtual teams. It is hypothesized that virtual tsawith participative leaders have higher
levels of information sharing than virtual teamghndirective leaders. The importance of
participation of team members in virtual teamsdsdtl on characteristics of virtual teams,
such as high levels of individual expertise and ¢hassing of locational and relational
boundaries by members of the team. These charstatercall for participation of team
members because team leaders may not have experteelevant domains.

Leadership style is expected to affect how team beemdeal with information, as
participative leaders do not control how team memmbperform their information
processing and information sharing activities. Wheam members can individually decide
how they perform these activities and coordinatsé¢hactivities with other team members,
teams make optimal use of their cognitive capaxiti;m sum, it is expected that
participative leadership is positively relatedearn information processing.

Hypothesis 1Virtual teams with leaders who use a participateadership style
will have higher levels of information processifn virtual teams with leaders
who use a directive leadership style.

Team situation models

Mental models have been identified as the cogniexhanisms through which
individuals perceive, interpret, and explain thgimmment. Mental models are also used to
make predictions about the future state of therenment (Rouse & Morris, 1986). Mental
models can be shared across team members by sliafdngation and communication.
These shared mental models in teams contain ditf@mation on the task (task mental
models) or on the team (team mental models). Thelasity of mental models across
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members of a team is an important determinantarhtperformance, and the accuracy of
team mental models is also predictive of team perémce (Lim & Klein, 2006).

The relation between leadership style and taskteaoh mental models has been
studied by Marks, Zaccaro, and Mathieu (2000), ¥doused on the relation between team
leader communication, mental models, and team pudoce. When team leader
communication contained more information on thé lbetween environmental changes
and team responses, team leader communication assvply related to mental model
similarity, which in turn was related to increasedm performance levels (Marks et al.,
2000). Differences in communication between themtdaader and team members are
indicators of leadership style. Team mental modelstain stable longer-term knowledge
on the team and the task. The mental represensatiochanges in the environment develop
in situ, and therefore differ from team mental models. Timental models that contain
situational information are labelled team situatimodels (Cooke et al., 2001). Team
situation models are particularly relevant for aipation processes as these models guide
situation assessment, determining the strategyssisgy how the team is proceeding,
predicting team members’ actions, and selectiobedfaviours (Cooke et al., 2001). When
it comes to understanding the relation between ahemibdels and team coordination
processes and team performance, it is argued itetire literature that researchers should
focus on team situation models rather than on teand task mental models (Cooke,
Kiekel, Salas, Stout, Bowers, & Cannon-Bowers, 2008oke, Salas, Cannon-Bowers, &
Stout, 2000; Rico et al., 2008).

Directive leaders provide their team members witbkirelevant directions and
instructions, and closely control team decision imgk Therefore, team leaders with a
directive leadership style will be the only membefsthe team to interact with the
environment (Ancona & Caldwell, 1992; Zaccaro et, &001). As information on
environmental changes are only relevant for teaaddes in this way, team members will
only receive instructions on how to deal with thensequences of changes in the
environment. In teams with leaders who use a ppative leadership style, on the other
hand, team members are expected to interact wihethvironment, contribute to the
information processing and decision making proce@isahai et al., 2004).

In sum, we expect that participative leadershipaositively related to the similarity
of team situation models because team membersaattenith the environment and share
information with team members, whereas teams witbctive leaders are only confronted
with information that is relevant for their individl task:

Hypothesis 2: Virtual teams with leaders who use a participatigadership

style have more similarity in their team situatimodels than virtual teams with
leaders who use a directive leadership style.
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Self-synchronization.

Coordination refers to the integration of the @us$i of team members in order to
achieve team goals. Participation of team membersobrdination processes has been
shown to positively affect the quality of tactias teams that complete a complex task
(Durham et al., 1997). There are two aspects ohteaordination processes that influence
team performance according to Hinsz et al. (199B6)p “(a) the identification and
application of the important contributions (resagcskills, abilities, and knowledge) group
members bring with them to group interaction arel tdsk and (b) the processes involved
in the way these various contributions are combijagdregated, pooled, or transformed) to
produce group-level outcomes”. Because the digidbwf resources and knowledge was
instructed in the complex planning task that wasdus the present research, the focus is
on the integration of team member actions at tamtkevel.

The present research was aimed to gain more insigimplicit coordination
processes in virtual teams. Specifically, the redeavas focused on self-synchronization,
which may be described as team members’ expectationthe actions of other team
members and future task states, and the adjustofemivn behaviour in line with these
expectations. Self-synchronization includes théofaing aspects: (a) integration of actions
within the team; (b) dealing with unexpected evethiat are inherent to operating in
dynamic environments, and (c) initiative taking tegm members. These three aspects of
self-synchronization are discussed below.

First, it was discussed in Chapter 1 that estainigs implicit coordination is
considered to be both more beneficial and moreicditf in virtual teams. Implicit
coordination between team members is especiallpyaldd for virtual teams because
explicit coordination via electronic media is mal@manding than it is for collocated teams
to interact face-to-face. Virtual teams thereforefip more from implicit coordination once
it is established. Implicit coordination is, howevenore difficult to establish for virtual
teams because the ongoing and interpersonal ititetacthat are important to reach
common ground are restricted by interacting viatebmic communication media (Bell &
Kozlowski, 2002; Driskell, Radtke, & Salas, 2003pkhosa, Lerch, & Kraut, 2004; Rico et
al., 2008). Anticipating the needs and actions tifep team members and dynamic
adjustment of behaviour in virtual teams is simiarimplicit coordination in collocated
teams as described by Rico et al. (2008). Typioalicit coordination behaviours (such as
actively sharing task-relevant information and autepbehaviour to expected behaviour of
other team members) are also important for virteaims (Rico et al., 2008). As these
processes are based on shared knowledge of the tteskeam, and the environment,
participation of team members helps team membedevelop accurate predictions on the
behaviour of other team members. This facilitat@sziontal integration of actions of team
members in virtual teams.
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The second aspect of self-synchronization is #Hradling of unpredictable events.
This aspect refers to the handling of unpredictadlents that are relevant for the
completion of the task or assignment by virtuainteaThis adaptive behaviour of team
members requires reconsideration of current belief@approaches (Burke et al., 2006;
LePine, 2005). Team leaders of virtual teams vélly ron the input of team members,
because it will be difficult for team leaders tonsaler the implications of unpredictable
events for team members that are geographicallyilalised. Therefore, participation of
team members in decision-making and the implemientaif decisions will help virtual
teams to adapt to unpredictable events.

The final aspect of self-synchronization, initiat taking, directly reflects the
‘self’ of self-synchronization. The team’s capafilio stimulate initiative taking and being
able to implement decisions are considered to hmitant for self-synchronization. In
sum, we expect a positive relation between padtoip leadership style and self-
synchronization:

Hypothesis 3Virtual teams with leaders who use a participateedership style
are better able to synchronize their actions theinal teams with leaders who use
a directive leadership style.

Team performance

The input-process-output (I-P-O) framework (elgackman & Morris, 1975) is
the dominant framework for assessing the effectamit variables on team processes and
outcomes in team research (LePine, Piccolo, Jackéathieu, & Saul, 2008). Input factors
define the starting conditions of the team, proegeswe the dynamic interactions between
members of a team, and output represents the sestilthe functioning of the team
(Martins et al., 2004). The I-P-O framework has rbeeiticized for not conveying the
interplay between team processes (see llgen, Hm@lgg Johnson, & Jundt, 2005), but the
framework is well-suited for precisely studying thedations between input, process, and
outcome variables of (virtual) teams in controlledearch environments (Driskell et al.,
2003; Martins, Gilson, & Maynard, 2004).

Central to our research model is the propositiat keadership style influences the
performance of virtual teams on complex tasks. Bgcting team information processing,
team situation model similarity, and self-syncheation, leadership style stimulates teams
to develop better decisions and actions.

Hypothesis 4aVirtual teams with leaders who use a participateadership style
perform better than virtual teams with leaders whe a directive leadership style.
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Hypothesis 4bTeam performance in virtual teams is influencedldgdership
style through its effects on the team coordinatmncesses team information
processing, team situation models, and self-symikation.

M ethod

Participants and design

A total of one hundred and seventy-seven partitgpé74 men and 103 women,;
mean age 25.2 yearSD = 6.93) were assigned to three-person teams. parftipant
was assigned to one of 59 teams, leaving us witkedéhs with directive leaders and 30
teams with participative leaders. Participants wenguited from the participant pool of the
Netherlands Organization for Applied Scientific Bach (TNO). Participants were either
students or had completed higher education, ané Vess than forty years old to ensure
adequate levels of experience with working on caemsuand using email. Participants
received 40 Euros for taking part in a three-hdudyg on team performance. Additionally,
50 Euros were rewarded to members of the teampérddrmed best on the task in either
condition.

Task

The complex planning and problem-solving task feams called PLATT
(PLANnning Task for Teams) was chosen as the expatiah task (see Kamphuis, Essens,
Houttuin, & Gaillard, in press; Kamphuis & Houttyi2007). PLATT is designed for
studying distributed team processes and performancea dynamic complex task
environment. It is a software platform that corssist generic software architecture and
scenarios.

PLATT is a complex planning task for teams, in ethithree or more team
members with interdependent roles have to sharermvdtion, communicate, and
coordinate their actions in order to construct anping. Participants communicate with
each other using email and share information wilcheother using a shared digital
workspace. Participants complete the scenario usiigrmation from written task
materials, email messages, and by retrieving inddion from a series of web sites that are
accessible from the computers. The actions andagessof participants are recorded in log
files, which are used for the creation of behav@umeasures. The PLATT task enables
researchers to study team processes in a contreléeéirch environment because of the use
of scenarios and individual working spaces, and lbgging communication and
behavioural data.
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Dynamic complexity was created by entering extifarimation in the task during
task execution. This means that teams are confionith several new task developments,
offering new opportunities or prohibiting particulaolutions. The extra information is
entered by sending programmed emails to the teambeies and altering the content of the
web sites during the scenario. The role of extfarmation and the creation of a dynamic,
complex task environment will be addressed in thdyssetup section.

For the current research, individual working plaeéth networked computers and
test materials were created side by side using rdietders, ensuring that there was only
computer-mediated interaction between participaitsng the task. All working stations
were directed towards a central display on which tigital shared workspace was
projected. The shared workspace contained a mteaiperational area and featured tools
such as text fields, symbols, and a pen to enterriration in the map.

Scenario

Teams completed a forty-five minute evacuationnade in which a group of
people had to be transported from a hostile citw toity that is safe. The scenario was
oriented at the military domain as teams had toleynmilitary units for transportation
(transport unit), making dangerous roads safe rinfaunit), and repairing broken or
otherwise obstructed roads (engineering unit). fithe that was needed for the evacuation
depended on the location and employment of thesudistances between cities, and the
speed at which the units could travel. Speed degmknd characteristics of the road (flat or
mountainous). Teams were instructed to construptaaning for the evacuation using
information from written task materials, which caimted tables on distance and speed. The
information from these tables had to be combinedrier to determine how long it would
take units to travel between cities. The team leadéd to integrate the information into a
planning, which had to be filled out on a standegdiplanning form.

During the scenario, teams were confronted witlraexnformation on road
conditions and deployment of units. This informativas sent to members of the team by
email or could be obtained from a series of welssithat were accessible from the
computer. This extra information affected the plagractivities of teams as it made some
routes faster (“The hostilities on the road to ¢lthave ended, which means that the road
does no longer have to be secured by the infani)uwr slower (“There has been a
landslide on the road to city Y. It will take thagineering unit eighty minutes to get the
road reopened”). The scenario did not require fipdaiowledge of military operations.
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Roles

A team consisted of a team leader and two teambaenTask interdependence
was created by designing different roles with vagytasks, responsibilities, information,
and expertise. Team members interacted real-timagldhe session, which meant that
team members had to maintain situational awarersss] relevant information to one
another, and thereby depended on each other’snacéind output. When team members
must diagnose, solve problems, and/or collaborataul&neously to accomplish the
common goal, there is intensive interdependencedsat team members (Van de Ven et
al., 1976). This intensive interdependence wastoacted between all roles.

Analogous to military teams, three roles were inigtished in the scenario:
operations, logistics, and intelligence. The rofetre team leader (operations) was to
process information given to him or her by the pamgmed emails and by the emails of
team members, to monitor the activities of the teaembers, and to integrate the input of
all three into a comprehensive situational picturéhe digital shared workspace. For this
reason, the shared workspace could only be accéssadhe computer of the team leader.
Team leaders further had to complete the standadditanning form at the end of the
scenario, in which he or she had to write down Whimute was the fastest, where the units
were located and how they had to be deployed inetrecuation. Teams further had to
calculate the amount of time that was needed ®etfacuation.

Team members were responsible for either logisticantelligence. Logistics
concerned transportation issues such as condifitimeoroads and availability of vehicles.
Intelligence focused on obtaining information oe tdversary, such as identification of
threats, locating hostile acts and determining tvihaads are safe. Both team members had
to process information from the emails, and re&i@formation from the web sites that
were accessible from their computers and from ewittask materials. Written task
materials contained information on distances atadl rmonditions for the logistics role and
information on trustworthiness of information saescfor the intelligence role. Team
members had to provide the team leader with adego&drmation to work out the fastest
route. It was emphasized in the task instructian &l information and expertise in the task
was unique for each role, so that it was importemtprocess and communicate all
information.

Procedure

Participants arrived at the reception of the neteéacility in groups of three. The
experiment leader made sure that the participaistsndt know each other prior to the
session. The experiment leader welcomed particspamti guided them to the experimental
rooms of the facility. Roles were assigned randotmlparticipants. It was explained to the
participants that the session consisted of twospédsk instruction and experimental
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session) and that there would be two experimemtelesa each monitoring one part of the
experiment. The experiment was carried out by tymeement leaders, who switched roles
daily.

Task instructionA seventy-minute training module was developedtaining the
task and the roles. The training consisted of atriiction video (20 minutes), a power-
point presentation (15 minutes), studying writteskt materials (20 minutes), and a practice
session (15 minutes). Participants first watcheditistruction video which described the
nature of the task, the roles, and use of softwgmications for email, intranet, and the
shared digital workspace. Next, the experimenteega presentation that focused on the
uniqueness of the information for each role anddtwesponding interdependence of the
roles in the scenario. Third, the teams were iostdito study the written task materials
and the role sheets. Finally, the participants detad a fifteen-minute practice scenario.
Participants were encouraged to ask questionsgithin practice scenario. The experiment
leader monitored the session actively, making suae the team used all applications and
filled out the standardized planning forms cornectl

Experimental sessiomfter finishing the training module, the experimdaader
walked the team to another room at the researdlitfaghere the team was handed over to
the second experiment leader. The second experiteader made sure that participants
were seated on the working places that correspondtbdthe roles that were assigned to
the participants. The experiment leader then heftroom and started the scenario from the
central research computer. All team members wededat indicate three times during the
scenario what route they thought was the fastest.

After forty-five minutes, the team leader had tetra minutes to complete the
standardized planning form. He or she had to desdtie route using the names of the
cities on the route, specify the starting positiohghe units, describe how each of the units
had to be employed, and how long it would takeviaceate the group. Team leaders had to
complete the form with information from the emaitsd information that was present in the
shared workspace at the end of the scenario. Teambers meanwhile filled out the final
questionnaire. Team leaders had to fill out thalfojuestionnaire after they completed the
planning form. When all participants had completeel final questionnaire, the experiment
leader debriefed the participants about the leadeigsstruction of the team leader, and
offered the possibility to withdraw their data. Moof the participants withdrew their data.
When data collection was completed, participanteiked a written debriefing at their
home addresses in which the winning teams weresueal.

Manipulation

Method.In the experiment two leadership styles were comgbavith contrasting
effects on the team processes that were under.dtudlyis experiment team leaders were
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instructed by studying role sheets (see Durham.etl®97) to make the instructions on
leadership style different from the videotapedrinsions on the task and the roles. Team
leaders were assigned randomly to the role of tl@r participative team leader and
received instructions on their role prior to th@esiment.

Procedure.During task instruction, all participants had twemntinutes to study
individually the role sheets and other task mal®riat this point, the experiment leader
escorted the team leader to another room. Team ersmiere told that this was because
the role of the team leader was ‘best explainedalbr, as it was somewhat more
complicated’. The other two team members were uegdd to study their roles and task
materials until the team leader returned.

Team leaders were given a brief leadership instmictt consisted of a verbal
instruction by the experiment leader (three minutetidying a set of role sheets (fifteen
minutes), and the possibility to ask questionshe éxperiment leader (two minutes).
Finally, team leaders had to fill out the manipiglatcheck questionnaire. Team leaders
were instructed not to discuss details on theie nolth team members, and they were
informed that the instructions on their role woblkl addressed in the debriefing at the end
of the session.

Design.The instruction focused on communication, coordamtand participation
of team members in decision making. Directive tdaaders were trained to keep the
decision making process centralized, which meastrunting team members what route
they should work on, closely monitoring their aittes, and deciding which route is the
fastest without consulting team members for thpinions. Participative team leaders were
trained to decentralize decision making by empliagithe importance of participation, and
initiative taking, by letting team members decide themselves how to complete their
tasks, and consulting team members regularly far thpinion on the fastest route.

On the role sheets, the participants found eitlier tabel team coordinator
(participative leadership) aeam commandedirective leadership). This is consistent with
the research by Durham et al. (1997), who succkgshanipulated leadership style prior
to the experimental task in a military simulatidrhese researchers used these labels for
leadership styles that varied in team member ppation. The same labels were used by
Bliss & Fallon (2003) who manipulated autocratiwd gparticipative leadership styles by
giving team leaders instructions like: “As commamndell your group how to answer this”
(instruction for directive leadership style). As vedso used a task with a military
orientation, we decided to use these labels teamm@ander and team coordinator for the
manipulation of leadership style.
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M easures

Self-report data were used for the measuremettieoeffect of the manipulation,
information processing and self-synchronization.g Léile data were used for the
measurement of team situation models and teamrpeafce.

Manipulation checks

Three manipulation checks were used to assedsirtbgoning of the team leader.
Two were administered to the team leader, and oaeipulation check was filled out by
the other team members.

Team leaderTeam leaders completed a six-item questionnairectlyr after the
leadership manipulation. The scale consistentedrsgoint Likert-type items ranging from
1 (“strongly disagree) to 7 (“g¢rongly agree’). Examples of items areDuring the task, |
am going to consult my team members before makdeg@iori and “l am going to tell my
team members that | only want to receive infornmatan the route that | specified
(reversed item). The functioning of the team leadexrs also assessed in the final
questionnaire after task completion. Team leadespanded to ten items on leadership
such as: When making important decision, | consulted my teaembers and “Team
members only had little influence on the plannifiggversed item).

Team memberd.eam members were also asked to evaluate their liegaber in
the final questionnaire. The scale consisted @& fivoint Likert-type items ranging from 1
(“strongly disagree) to 7 (“drongly agree’). Examples of items wereThe team leader
carried out my suggestions in practicend “l noticed that | had little influence on the
planning (reversed item).

Team information processing

Team information processing was assessed usirgg thariables: information
sharing, lack of overview, and tunnel vision. Theet measures all assessed different
aspects of team information processing. Informasbaring was assessed to indicate how
well team members communicated task-relevant irdion with each other. The degree to
which team members experienced lack of overvievicatdd the inverse of the degree to
which team members (excluding team leaders) wele tabprocess the information that
was present in the task. Tunnel vision, subseqyeintlicated the inverse of the degree to
which team members were able to utilize the infdimmafor considering different routes.
Team members scored each item on a seven-pointtitijfee scale ranging fromgtrongly
disagree”) to 7 (“drongly agree’).

Information sharing.The questionnaire concerning information sharingsesied
of a scale of eight items that was developed by ptars, Gaillard, and Vogela§2009a).
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The items were designed to assess the level tohvitbizm members shared information
with other team members (e.d,ftequently provided my team members with inforamat
without being asked tpand ‘I received information from other team members liie
However, the items on information sharing did nedah sufficient reliability levels, as
Cronbach’s alpha was .53 for eight itend$é £ 118). Based on reliability statistics, we
removed two items that had low item-total correlasi. Cronbach’s alpha was .63 for the
remaining six items. Individual responses can bgregpted to the team level when team
members hold similar perceptions of the team prE®dhat are assessed. The mean
interrater agreement,;, James, Demaree, & Wolf, 1984; 1993) was .85 liis scale,
which indicates high within-team agreement. Respsngere analyzed at the group level
(N =59) by averaging the responses of team memteam (eaders not included).

Lack of overviewTeam members indicated to what degree they were tabl
process all information that was present in th& tasl detect changes in the environment.
The lack of overview scale of Kamphués al. (2009a, 2009b) was used to assess to what
degree team members had experienced lack of ovedueng the task. Examples of items
are:"We made the planning using all information in ttask” (reversed item); antt was
hard to keep track of all the information in thesk& Higher scores on this scale indicated
that participants experienced lack of overview dgrihe task. The scale consisted of four
items (Cronbach’s alpha = .76). Responses of teambers were analyzed at the group
level (N = 59) by averaging the responses of team memieam(leaders not included)..
The 1,y was .69 for this scale.

Tunnel vision.We used items based on the scale of Kamphuis e2@09a;
2009b) on tunnel vision. Examples of items &When working on a route, we did not
consider alternatives anymorgand®l searched for information that would underminesth
choice for the route that we were working dinéversed item)Higher scores on this scale
indicate that team members experienced tunnelnisisonbach’s alpha was .71 for these
four items. Responses were analyzed at the grovep (& = 59) by averaging the responses
of team members (team leaders not included). Jheas .75 for this scale.

Team situation models

During task execution, both the team leader andeam members were asked on
three occasions which route they thought would Heefastest. Participants responded to
this single-question electronic questionnaire bieeng the route in a text field using the
format: “Town A — Town B — Town X" and so on. Ddtam all team members were used
for measuring team situation model similarity. Teaituation model similarity was
determined by scoring the correspondence betweeneponses at the team level for the
route as a whole, ranging from 0 (no similar routese entered), 1 (one similarity between
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team members was observed), and 2 (two similantie® observed; all three participants
entered the same route).

Development of self-synchronization questionnaire

Self-synchronization was operationalized by a tyéem questionnaire. We
originally developed items on four dimensions oflf-sgnchronization: horizontal
integration (six items), vertical integratib(six items), event handling (five items), and
initiative taking (three items). Examples of itearg: ‘Considering my tasks, | knew what
my team members expected of (herizontal integration);| knew what | had to do, even
when | had no specific instructions of the teanuéga (vertical integration); I‘was able to
determine what the consequences of new developmemés (event handling); I felt
uncomfortable when other team members came up initiatives’ (initiative taking;
reversed item). Since the present study was focuosetthe effects of leadership style on
virtual teams, the items were completed by onlytdan memberdN = 118; team leaders
not included). Team members scored each item @avenspoint Likert-type scale ranging
from 1 (“strongly disagree) to 7 (“drongly agree’). Two reversed items in the scale were
deleted based on reliability statistics.

A principal component analysis (PCA) was perforno@dthe eighteen remaining
items, which showed that there were only threeofactvith an eigenvalue higher than 1.
Component 1 (eigenvalue 6.799) explained 37.8% of the variance. The otbenmonents
had eigenvalues of 2.182 (explained variance i4%2.and 1.316 (explained variance is
7.2%) respectively. Studying the component matitixyas concluded that the items on
horizontal and vertical integration loaded substdigt on component 1. This result was
consistent with the high correlation that was aiedibetween these two dimensions<
.68), and led to the conclusion that the dimensimmdd not be distinguished from each
other well in the current data. Further, three &emh this scale loaded on another factor
than the rest of the items of that subscale. Ttiese items were omitted from the data.

Based on these outcomes, we ran another PCA ogrthuped items of vertical
and horizontal integration (new label ‘integratimine items), event handling (four items),
and initiative taking (two items). Again, we obteththree components with an eigenvalue
of more than one (eigenvalue 5.588, explained variance 37.3%; eigenvalue?.137,
explained variance 14.3%; eigenvaleel.143, explained variance 7.6%).

In sum, the final questionnaire on self-synchratian consisted of the subscales
integration (nine items, Cronbach’s alpha .87),névieandling (five items, Cronbach’s
alpha .80), and initiative taking (two items, Craoh’s alpha .56). Correlations between

! Vertical coordination refers to the alignment etisions and actions on the vertical dimensiorrgéwizations,
which differentiates people in terms of authorifypower (Katz & Kahn, 1978; p. 76). Differencespower are
also present in teams, as team leaders are rebjgoftgiteam performance and team developmentsegwski
et al., 1996). This is known as vertical leaderghipsley, Hmieleski, & Pearce, 2006; Pearce, 2004).
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dimensions ranged from .47 to .31. Mean within-groagreement index scores
demonstrated sufficient levels of agreement fazgrdtion (f4 = .80), event handling{g =
.72), and initiative taking (g = .71), so responses of team members (team leaders
included) were aggregated to the team level.

Team performance

The team leader had to complete the standardizadhiplg form individually,
based on the information that he or she received fthe other team members. The
measures that were derived from the planning fénvenetfore represented the whole team in
the analysis. Team performance was determinedéyathk score of routes and by scoring
the faults in the planning form. As there were &g possible routes, rank scores of the
routes ranged from 1 (best route) to 18 (worsteputower scores on this scale reflected
better team performance.

The second measure for team performance was thi@gygaf the planning. The
planning form was scored on: (a) faults in the degplent of units regarding the evacuation
(scoring range 0-2); (b) other faults regardingtainsuch as starting locations (scoring
range 0-2); (c) faults in transportation of the igrd'scoring range 0-1); and (d) faults in
calculations (scoring range 0-3). Therefore, scomesd range between zero and eight. The
scores were discrete and depended on the impaztfadilt on the planning. Minor fault
scores (score = .33) were given to miscalculatamsults that had marginal impact on the
planning. Medium fault scores (score is .50 or @&&pending on variable) were given to
faults that had moderate impact on the planningh s mistakes in the starting locations
of units and miscalculations that affected the piag. Major faults (score = 1.00) were
given for severe miscalculations, major faults le ttmployment of units, or missing
relevant information. The faults were summed ime @ariable, where a lower fault score
represents better team performance levels.

Results

Manipulation checks

Team leaderThe effects of the leadership manipulation wereckbd directly
after the leadership instruction of the team leatlke effects were analyzed by-gest with
leadership style as between-subjects variable €Ta4l). Results showed that participative
leaders were planning to involve their team membeme in decision making than
directive leaderst(57) = 14.82p < .01,d = 3.82). The functioning of the team leaders was
also assessed in the final questionnaire after taskpletion. Results indicated that
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participative team leaders stimulated team memb®rparticipate more than directive
leaderst(57) =9.11p < .01,d = 2.36).

Team memberd.eam members were also asked to evaluate their lesaber in
the final questionnaire. Consistent with the ressaltthe team leader manipulation checks,
results indicated that participative leaders indémeblved team members in decision
making €(116) = 4.50p < .01,d = .83). It was concluded that the leadership maatmpn
had the desired effect.

Table 3.1: Mean scores, standard deviations, aest results of the manipulation checks at
the team level of analysidlE 59)

n M SD t df p d
Team leader/instruction
Directive 29 232 .72 14.82 57 <01 3.82
Participative 30 4.64 A7
Team leader after task completion
Directive 29 339 .96 9.11 57 <01 2.36
Participative 30 5.47 .79
Team members after task completion
Directive 29 487 .71 450 116 <01 .83
Participative 30 5.51 .83
Note: p-values are one-sided
" p<.05

Team information processing

A one-way multivariate test of variance (MANOVAX® performed to determine
the effects of leadership style on the set of messundicating team information
processing. The analysis was carried out with leskde style as independent variable and
three scales on information sharing, lack of owamiand tunnel vision as dependent
variables. A main effect of leadership style wasadted (Hotelling’s T = .24, Wilk's
lambda = .81F(1,55) = 4.38p < .Ol,np2 = .19), indicating that leadership did affect team
information processing. Three follow-up t-tests eversed to determine what aspects of
team information processing were affected by lestuprstyle (see Table 3.2).

Information sharing.lt was expected that information sharing in papttive
teams would be higher than in directive teams.i®pative teams reported higher levels of
information sharing than directive teams, whichmped expectationg(67) = 1.79p =
.04,d = .47).
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Lack of overview.Team members were asked to what degree they wérdaamb
process all information and detect changes in geFaiional environment. The items were
directed at experiencing lack of overview, so higbeores indicated higher levels of lack
of overview. The results of a t-test indicated thaitticipative teams and directive teams did
not differ for lack of overviewt(57) = .93,p = .18,d = .23), providing no support for
expectations.

Tunnel vision.lt was assumed that participative teams would cl@msimore
alternatives than directive teams, as team menaversupported to take initiatives and find
out for themselves what seems to be the best spliti the task. Items were directed at
experiencing tunnel vision, so lower scores indidatver levels of tunnel vision. A t-test
showed that participative teams experienced lasselwision than directive teamig57) =
-2.17,p =.02,d = .56), which is consistent with expectations.

In sum, the main effect showed that leadershife slid affect team information
processes, providing support for hypothesis 1.r€kalts of information sharing and tunnel
vision supported expectations, but the resultaci bf overview did not.

Table 3.2: Mean scores, standard deviations, atssttresults for team information
processing at the team level of analydis=(59)

n M SD t df p d
Information sharing
Directive 29 550 .55 1.79 57 04 .47
Participative 30 5.74 A7
Lack of overview
Directive 29 2.99 77 .93 57 .18 .23
Participative 30 3.19 .93
Tunnel vision
Directive 29 279 .93 217 57 02 56
Participative 30 2.29 .84
Note: p-values are one-sided
" p<.05

Team situation models

Team situation models were assessed three timagydhe scenario (Table 3.3).
Hypothesis 2 predicted that participative leadgrsttyle had a positive effect on team
situation model similarity, as team members weieeted to coordinate better when teams
had participative leaders. A one-way multivariatealgsis of variance (MANOVA) was
performed to test hypothesis 2. No significant effef leadership style was found on the
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three assessments of team situation model simgiléfiotelling’s T2 = .08; Wilk’s lambda
.93;F(2,56) =2.17p = .12,np2: .07), which provided no support for hypothesis 2.

As can be seen in Table 3.3, team situation maidelarity was relatively high for
the first assessment, but seemed to decreaseyafidi the first assessment. A repeated-
measures ANOVA was performed to test team situatimalel similarity throughout task
execution. The results show that team situation ehatmilarity decreased significantly
during the experiment (Hotelling’s*E .99; Wilk’s lambda .50F(2, 56) = 27.82 p < .01,
an = .50). These results indicate that teams expegbrdifficulties to maintain team
situation model similarity during task executionhi§ accounts even more for the
participative leadership condition.

Table 3.3: Descriptive values for team situationdelosimilarity at the team level of
analysis N = 59)

Directive Participative

Leadership leadership Overall

(n=29) (n=30) (n =59)

M SD M SD M SD
Assessment1l 1.61 57 1.71 .64 1.66 .61
Assessment2 .96 .79 1.13 .67 1.05 .73
Assessment3  1.11 .83 g7 .76 .94 .80
Overall 1.23 73 1.20 .69

Self-synchronization

The effect of leadership on self-synchronizatiors we@sted using a multivariate
test of variance (MANOVA) procedure with leadersBigle as independent variable and
the three subscales of self-synchronization (iratégn, event handling, and initiative
taking) as dependent variables. A main multivarietiect of leadership style on self-
synchronization was obtained, indicating that leslkip style did affect self-
synchronization (Hotelling’d” = .19; Wilk's lambda .84F(1,55) = 3.59p < .02,1,” =
.16). Three follow-up t-tests showed the results tfee three different aspects of self-
synchronization (Table 3.4).

The hypothesized difference for integration intritisited teams was obtained as
participative teams reported higher scores forrthebrdination activities than directive
teams {(57) = 1.79,p = .04, d = .47). Leadership style was expected to affecineve
handling in distributed teams. It was proposed gaaticipation in decision making would
have a positive effect on event handling. This affe’as not found, as there was no
difference {(57) = -1.24p = .11,d = .23) between teams with participative leaders and
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teams with directive leaders. It was further expddhat team members with participative
team leaders would take more initiative in decisinaking than members of teams with
directive leaders. Results of the t-test did comfour expectations as participative teams
showed higher levels of initiative than directieams {((57) = 1.71p = .04,d = .43). The
results provided support for hypothesis 3, as thveas a main effect and the expected
effects of leadership on coordination and initiatiaking were obtained. No differences
were found for event handling.

Table 3.4: Mean scores, standard deviations, ardttresults for self-synchronization at
the team level of analysidlE 59)

n M SD t df p d
Integration
Directive 29 590 .58 1.79 57 04 .47
Participation 30 6.14 44
Event handling
Directive 29 4.70 74 -1.24 57 A1 .23
Participative 30 4.44 .85
Initiative taking
Directive 29 460 .66 1.71 57 04 .43
Participative 30 5.02 1.13
Note: p-values are one-sided
" p<.05

Team performance

Two aspects of the planning that determine tearfopeance were measured: the
quality of the planning and rank score of the rolttevas hypothesized that participative
leadership positively influences team performanaadership was expected to influence
team performance through its effects on the thepeets of team information processing
(information sharing, lack of overview, and tunmiion), team situation model similarity,
and the three aspects of self-synchronization dnatéon, event handling, and initiative
taking). The hypotheses were tested separatelyuality of the planning and rank score of
the route, as the scores of the latter measurerdigal.

Quality of the planning.Virtual teams with directive leaders did not diffieom
virtual teams with participative leaders when itras to the quality of the planning. The
groups did not differ in the number of faults ie thlanning {(57) = 1.14 p =.26,d = .74),
providing no support for hypothesis 4a. Descriptiadues and correlations between team
process variables and quality of the planning (sdrfault scores) are presented in Table
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3.5. Lower fault scores indicate better team pemtorce levels. Information sharing and
team situation models (measured at the end of ¢erasio) were the only variables that
were related significantly to team performance, rsediation analyses could only be
performed for these variables.

To examine the mediating role of information shgreind team mental model
similarity, three steps have to be performed foitapwthe approach of Baron and Kenny
(1986). First, there have to be relationships betwantecedent and consequence, that is,
between leadership style and team performance énctirrent research. Second, the
relationships between antecedent and mediatorftencelationship between mediator and
consequence have to be demonstrated. Third, mewliegtiobserved when the strength of
the relationship between antecedent and consequéeceases when the mediator is
entered into the model. Mediation can be determine® using hierarchical regression
analysis.

The relationship between leadership style and tuali the planning was not
observed £ = -.15, p = n9, which makes mediation by information sharing daadm
interaction model similarity impossible.

In sum, leadership style did not affect team dquaif the planning, providing no
support for hypothesis 4a. Virtual teams with gépative leaders did not differ in their
quality of the planning from directive leaders. Tleffects of leadership on team
performance through its effects on coordinationcpsses (hypotheses 4b) mirror the
results of hypothesis 4a. No support was obtaioedhe mediating effects of any of the
team processes.

Rank score of the routghe second measure for team performance was rank sc
of the route (see table 3.5 for descriptive valaad Spearman’s rank correlations). No
direct effect of leadership on rank score of thateowas found. Teams with directive
leaders flean rank =29.95,sum of square ranks 928.50) did not differ from teams with
participative leadersMean rank =30.05,sum of square ranks 841.50;U = 423.50,p <
.98, n9), providing no support for hypothesis 4b.

Similar to quality of the route, information shagirand team situation model
similarity at the third assessment were the onlyatdes that were statistically related to
the rank score of the route, so only these teamesses could mediate the relationship
between leadership style and team performance.nAgai support was obtained for any of
the dimensions of self-synchronization. Ordinal adaiannot be used in hierarchical
regression analysis because the assumption of hatistabution is violated. Mediation
could therefore not be computed using hierarchiegdession analysis.

In sum, leadership did not influence team perforoeain the present study.
Mirroring these results, no mediation was founddoy of the team processes. No support
was obtained for hypotheses 4a and 4b.
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Table 3.5: Correlations between dependent variailédse team level of analysiN € 59)

M SD 2 3 4 5 6 7 8 9 10 11

Team information processing

1. Information sharing 5.63 52 T R B 09 -05 547 310 40" 387 -29°

2. Lack of overview 3.10 85 - 225 -04  -07 07 =547 2567 -457 04 01

3. Tunnel vision 2.54 .83 - .05 18 .02 -23 -.05 -.04 .09 13
Team situation models

4. Assessment | 1.66 .60 - 24 24 -.05 -.08 .07 -.04 -.08

5. Assessment 2 1.05 73 - .07 01 .02 .19 =12 =11

6. Assessment 3 93 .80 - -157 209 08 -29° .28
Self-synchonization

7. Integration 6.03 52 - 310 47 16 -14

8. Event handling 456 80 - 447 -06 01

9. Intiative taking 4.82 95 - -.01 -.06
Team performance

10. Quality of the planning 2.09 1.07 - 11

11. Rank score route 2.00 (Mdn) .00 —4.50 (range) -

Note: Column 11 contains Spearman’s rank correfgio

*

p<.05 "p<.01
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Discussion

The present research was focused on coordinatioririual teams and did not
feature face-to-face teams as control groups. Asoasequence, conclusions and
implications are formulated for teams that rely teams that exclusively use electronic

communication media for communication and informatsharing between members of the
team.

Effects of leadership style on team processes

Team information processin@he predicted effects of participative leadersbrip
team information processing were obtained for imfation sharing and tunnel vision, but
no effect was found for lack of overview. The fings indicate that virtual teams with
participative leaders are better at sharing takkamt information, but that leadership style
does not necessarily help teams to develop a hatteron the operational situation. These
results are commensurate with the findings of Kahail. (2004), who conducted a similar
experiment. These authors found that when virteais have to perform a creativity task,
participative leadership does lead to more padiigm of team members in terms of idea
generation, but that participative leadership wagatively related to team member
satisfaction. This finding was attributed to th#fidilties that teams experienced when they
had to reduce the set of alternatives during thke t&ing electronic communication media.
The findings of the current research and Kahail.e€2804) suggest that participation of
team members helps virtual team members to exdbeie tasks at the individual level
(differential effects of participation on sharingfarmation with other team members,
number of alternatives on creativity task), but tharticipation does not help in converging
individual actions at the team level (no effectpafticipative leadership on experiencing a
better overview). These outcomes suggest thataliteams have difficulty to profit from
the initial benefits of team member participatiofthe outcomes of the current study
underline the importance of participative leadgrshivirtual teams, and at the same time
stress the challenges that virtual team leaders fac integrating the actions of team
members at the team level.

Team situation modelSimilarity of team situation models did not diffeetween
groups, so the results of the study provided ngasrtdor the expected effects of leadership
style on team members’ perceptions of the operatigituation in virtual teams. This
finding suggests that leadership style has limitieict on how individual team members of
virtual teams perceive the operational situation.

The reason why team coordination processes araffemtted by leadership style
may be that team members of virtual teams havedif§ to establish and maintain similar
team situation models. Virtual teams often perf@ognitive tasks such as planning tasks
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or decision-making tasks in which team members hdifferent expertise that has to be
integrated. Team members of virtual teams thusoperindividual subtasks, and integrate
the outcomes with those of other team members. Wham members are focused on
performing their individual tasks, team members rfagus less on the development of
team situation models. Repeated-measures anabgsmled that when new information

was added during task performance, this negatiaffected team situation model

similarity. Similarity decreased during task exémuiton both groups, indicating that virtual

teams performing complex, interdependent tasks Idped increasingly limited shared

perceptions of the situation. A trend was obsemthed virtual teams with directive leaders
seemed to have higher levels of team mental manelasity at the end of the task in the

present study. This was not expected, but the treight have resulted from the higher
level of guidance of directive leaders. When teaadérs instruct team members to work
out a specific route, this may in fact help teanmbers to develop similar perceptions of
the operational situation. In sum, it may be codetl that virtual teams find it hard to

develop and maintain similar team situation modals] that leadership style of team
leaders did not influence team situation modellsirity in the present research.

Self-synchronizatiorlt was predicted that virtual teams with parti¢ipa leaders
are better able to synchronize their actions thamal teams with directive leaders. The
effects of team member participation were expeotedll aspects of self-synchronization.
The results supported our expectations largelythase was a main effect of leadership
style on integration and initiative taking. Howeyvitre groups did not differ in the way they
handled events. It is therefore concluded that te@@mber participation does stimulate
team members of virtual teams to synchronize tbein decisions and actions with other
members of the team without being asked to, buttthia does not affect how well teams
deal with unexpected events.

Team performanceleam performance was measured in terms of qualitye
planning and rank score of the route. The expedfdcts of leadership on team
performance were based on previous research inhwleadership positively predicted
outcomes in collocated teams (see Salas, Sims,r&eBu(2005) teamwork taxonomy) and
in virtual teams (Kahai et al., 2003; 2004). Filstadership was expected to positively
affect team performance. However, no differencesevadbtained for the two performance
measures. Second, the relations between team pescasd team performance were also
not significant, except for information sharing atehm situation models at the third
assessment. Interestingly, the effect of informmatbaring on team performance resulted
from better information sharing in teams with papative leaders, whereas the effect of
team situation models on team performance may toibuded to the effects of directive
leadership, since teams with directive leaders tigtler scores for team situation model
similarity at the third assessment.

It is concluded that both directive and participatleadership styles affect
different aspects of team coordination in virtuehms. First, participative leadership
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enhances team information processing in virtuahtgaut this does not automatically lead
to increased convergence of team members’ intefiwes of the operational environment.
Second, team situation model similarity seemedetatbmulated by directive leadership of
teams, and furthermore was positively related somtgerformance. Consistent with the
conclusions of Kahai et al. (2004) on leadershytesin virtual teams, the findings of the
present study indicate that participative and divedeadership styles affect different team
processes of teams that perform complex, interdbp@ntasks. Therefore, the effects of
leadership style on team coordination will dependeam-related factors such as team size
and team tenure, and task factors such as tysk&ind complexity.

Another possible explanation for the obtained ltesunay be that the present study
was exclusively focused on team coordination preegsAccording to Zaccaro et al.
(2001), team leadership is considered to influeieeen performance through four sets of
processes: cognitive, motivational, affective, andrdination. While the present study was
focused on coordination processes in virtual teaths, other sets of team processes
potentially influenced the way in which teams perfed the task. Teams possibly differed
in the level to which team members experienced tealnesion or collective efficacy, and
some team members may have experienced conflititsough the relation between team
processes and team performance in general is wialbkshed (see Hinsz et al., 1997;
Mathieu et al., 2000), the link is not always obéal from the data that are collected in
controlled research settings (e.g. Cooke et aQ32Blambley, O’Neill, & Kline, 2007).

Theoretical and practical implications

As was pointed out by Zaccaro et al. (2004), netean virtual team leadership is
still in its infancy compared to leadership in ocltited teams. Empirical studies of virtual
team leadership were primarily focused on the &fexd leadership on team cohesion,
social loafing, and satisfaction (see Potter &tBatard , 2002; Hambley et al., 2007;
Kahai et al., 2003; 2004). As these processesara motivational and affective processes,
this means that the effects of virtual team leddpren team cognitive and coordination
processes are largely unknown. The major contobutif this study then is its examination
of its effects of leadership style on team coggitprocesses (team information processing
and team situation models) and team coordinationgsses (self-synchronization).

While one should be cautious in formulating preadtiimplications based on
research on teams that performed their task irbarddory setting, the positive effects of
adopting participative leadership styles do indidduiat participation of team members can
indeed be beneficial to virtual teams. The resfithe current research are in line with Bell
and Kozlowski (2002), who state that virtual teafase additional challenges in early
stages of team development. The findings of theeatirresearch indicate that increased
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levels of information sharing were not accompanid a better overview, and that
increased levels of self-synchronization couldb®telated to team performance.

Limitations

The current study was performed in a controllecdtaesh environment, in which
teams consisted of individuals who did not knowheather before the experiment and had
no intentions for future collaboration. While thgsdefinitely a limitation for generalizing
the findings to existing teams, many virtual team®rganizations are also ad hoc teams
characterized by short lifecycles. Hambley et 200(7) pointed out that the findings of
laboratory studies on virtual teams therefore mayéneralizable to existing virtual teams
that are formed to complete a single task and lamedoned afterwards.

The manipulation of leadership also poses comdtrdor generalizing the findings
to settings outside the laboratory. Although thenipalation check demonstrates that team
leaders executed their leadership functions asivesicted, the way in which team leaders
were instructed to lead the team potentially détefrom the personal leadership style of
that participant. As was pointed out by Hamblegle{2007), team members therefore may
have experienced leadership that was not as fieabistconvincing as in real-life teams.
Moreover, most team leaders have a leadership $hde is intermediate between a
directive and a participative leadership style. Effects of these intermediate leadership
styles have not been considered in this study. um,sit was concluded that the
manipulation check demonstrated that team membagrsrienced the leadership styles as
intended, but that studying effects of leadership teams in controlled research
environments inherently means that there will biiedinces between team leadership in
laboratory settings and ad hoc teams that are fbimthe real world.

Future research.

The results of the present research indicatel¢laalership style does not affect all
team coordination processes that take place inalittams. Since the present research was
focused on virtual teams and did not consider teaiitis lower levels of virtuality, it
remains unknown to what extent media charactesisiifluence the relation between
leadership style and, for instance, the developnoértieam situation model similarity.
More specifically, future research should addres# ltommunication media can help
virtual team leaders with this, as there is a walege of electronic media that are available
to team leaders for communicating with virtual teamembers. Studying the combined
effects of leadership and communication media veagedn research by Kahai et al. (2003,
2004) and Hambley et al. (2007), but these stutigdsot consider participation as an input
variable and focused primarily on team motivatioogesses.

89



Effects of leadership style on coordination inuéitteams

Second, developing more insight in the role ofmteamember participation in
virtual team cognitive processes and self-synchkzaiiin is needed for optimizing team
processes. The need for better understanding of teeraction processes is particularly
relevant for teams that operate in uncertain ansatheling situations (see Stachowski,
Kaplan, & Waller, 2009). As both team adaptatiom amganizing in virtual teams are
unmistakably key characteristics of effective teaamsl both build on increased team
member participation, empirical research in thesaas needed to develop these teams.

Conclusion

The limited understanding of leadership in virttedms (see Bell & Kozlowski,
2002; Hambley et al., 2007; Zaccaro, et al., 20043 the driver for the current research.
The present research contributes to team resegrpholbiding more insight in the relation
between leadership and coordination processesrinaliteams that are confronted with
complexity of their task and their environment.

This study suggests that leadership styles afféotmation processing and self-
synchronization processes in virtual teams thafopsr complex tasks. Compared to
directive leadership, participative leadershiplfades better information sharing and helps
teams to avoid information overload. Moreover, witeam members participate in team
decision making, they are better able to syncheottieir decisions and actions with those
of the other members. The present results suglgaisparticipative leadership improves the
quality of team members’ actions to the task, Hat tvirtual team leaders face major
challenges to integrate these actions. The irigglefits of team member participation will
diminish when leaders of virtual teams are not abde meet these challenges.
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Chapter 4

Effects of media synchronicity and distribution of
infor mation on coordination in virtual teams

Introduction

Many teams use electronic communication mediar@teroto share information,
communicate, and coordinate activities of team nmeEsbThis holds for teams that are
geographically dispersed, such as software desigmg that are distributed across the
globe and work around the clock, but collocatedn®also use electronic communication
media for sharing documents or data. Joint airrdefaeams, for example, sit side-by-side
and exclusively rely on electronic communicationdmeor sharing information on aircraft
and coordinating courses of action. These teamyigteal teams because team member
interactions run via electronic communication media

An important characteristic of electronic commuation media is the extent to
which media enable synchronous interactions betweembers of the team. Media
synchronicity refers to the extent to which medizilitate team members interactions
without time lags (Dennis, Fuller, & Valacich, 2G08ontoya-Weiss, Massey, & Song,
2001). For example, when a team member posts aage$s a message board, he or she
does not know when other team members will respardreas team members who use
chat expect other team members to respond immédi&@gnchronous interactions are
particularly important for teams that perform coepinterdependent tasks in complex and
dynamic environments. Team members have differespansibilities and capabilities that
have to be integrated quickly in order to acconplasks effectively in these situations. In
joint air defence, for example, unidentified aiftr@quires rapid and efficient interactions
between team members, because the team has ta, detipret, decide, and act within
minutes. In these situations, team leaders makisides based on information that comes
from other team members, namely a team memberdhédves information from the radar
and a team member that interacts with fighter pilttat are on patrol in the air.
Synchronous communication is crucial in these sitna for integrating contributions into
coherent team actions timely (see Bell & Kozlowg&02; Dennis et al., 2008; Kirkman &
Mathieu, 2005).

Another important characteristic of electronic coumication media is the ease
with which information can be distributed to othewam members (distribution of
information). Electronic communication media areaddent for distributing documents,
information, or data. This means that all membérthe team have the same information
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when working on a joint task. The possibilitiesttbiectronic communication media offer
for distributing information across all members tfe team will affect the use of
information when performing complex interdependeasks. One the most important issues
in this respect is the selective use of informatfignteams that perform complex tasks
(Stasser & Titus, 1987; but see Wittenbaum, Hodllmepd, & Botero, 2004). Selective use
of information occurs when teams do not use abrimiation that is relevant to the task.
One of the most important factors that affect delecuse of information in teams is
distribution of information, since teams tend tofbeused more on information that can be
accessed by all team members than on informatianistheld by only one member of the
team (Cugeu, Schalk, & Wessel, 2008; Wittenbaum et al., 20@istribution of
information refers to the extent to which all teanembers have access to a piece of
information. Hinsz and colleagues (1997, p. 54¢mefd to distribution of information as
the ‘commonality-uniqueness’ dimension. This dimengdifferentiates teams where all
team members hold unshareduaiqueinformation from teams where more than one team
member (or all team members) have access to a pfaogormation §haredinformation;
e.g. Winquist & Larson, 1998; Stasser & Titus, 198an Ginkel & Van Knippenberg,
2009). Distribution of information affects team pesses because teams are more likely to
use shared information during task performance thaigque information. First, team
members are more reluctant to share informatiohithanknown to other team members
than to share information that other team membsrstave. Second, information that has
been shared by team members is more likely to bd irsdecision-making because team
members have seen the information before and tiveréfiformation has become salient
(Stasser & Titus, 1987; but see Wittenbaum et28l04). Therefore, shared information is
more likely to be discussed in team member int@vastthan unique information, and
teams that have higher levels of unique informatioey not use all information that is
relevant to the task. The capacity of electronimemnication media to share information
with other team members thus will help teams to aBerelevant information when
performing complex interdependent tasks.

The purpose of the present research is to inastign what ways media
synchronicity and distribution of information affdeam coordination processes in virtual
teams that perform complex interdependent tasks. [iftk between media synchronicity
and team coordination processes is made in twoarthéiories that are discussed below.
These theories are used for the formulation of Hygses on synchronicity. Hypotheses on
distribution of information are formulated subseaiye

Matching teams and electr onic communication media

A variety of electronic communication media areaitable to virtual teams,
including videoconferencing, chat sessions, or ethadigital workspaces. The main
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criterion for using a particular type of media It it is capable of transferring team
members’ contributions in terms of text, voice,adair any other type of information that is
valuable for completing the task that the team isrkmg on. The link between
communication media and tasks is described in tedidMRichness Theory (MRT; Daft &
Lengel, 1984; 1986). MRT has been widely appliediéscribe the differences between
communication media with respect to the richnesifafrmation that can be transmitted
via that medium. MRT is rooted in social presenoeoty (Short, Williams & Christie,
1976), which states that communication media diffethe extent to which a medium
allows for psychologically close, interpersonal coumication. Social presence theory
describes communication as a multifaceted prodegsrcludes both verbal and nonverbal
components. Media that are high in social presdacdgitate ‘rich’ communication, in
which individuals experience less ambiguity abdet dther person than media that are low
in social presence. Richness of information referthe ability of information to change
understanding within a time interval” (Daft & Lerig&986, p. 560). The capacity of media
to transmit rich information is determined by faniteria: (a) the ability for immediate
feedback; (b) the number of cues and channelsctratbe used; (c) the ability to convey
natural language; and (d) the personal focus ofrtedium (Daft & Lengel, 1986).

The underlying logic of MRT is that communicatiandrganizations is intended
to reduce equivocality (Daft & Lengel, 1986). Ecuaality is described aghe existence of
multiple and conflicting interpretations about arganizational situatioh (Daft & Lengel,
1986, p. 556; Weick, 1979). In other words, equalidg is the problem of dealing with
multiple and contradictory meanings (Daft & Weidl@84; but see Kramer, 2007). At the
team level, this means that there is no sharedenaork that can be used for the
interpretation of information. Reducing equivocgalit teams therefore requires negotiation
and ultimately reaching consensus on one inteffiwatdDennis & Valacich, 1999). MRT
thus proposes that richer media (e.g., face-to;f@deoconferencing) are better suited than
lean media (e.g., email, text messages) for dealittyequivocality.

So how can media characteristics help teams towdraequivocality? The central
assertion of MRT is that for routine tasks, meditower richness are sufficient to transmit
task-relevant information between team members.\Wasks get more complex and when
team members are interdependent, though, teanfacaé with equivocality and therefore
need to transmit rich information. This means tliate-to-face communication is
considered to be superior to mediate communicationcomplex tasks, as face-to-face
communication is the richest way of communicating.

Although MRT has been widely used for selection aiseé of communication
media, researchers have identified two major sbariegs of MRT: the hierarchical
ranking of media and difficulties to consider thealities of electronic communication
media. These arguments are discussed below.

The major criticism against MRT is that the chagastics of media are
considered to be absolute, so that some types dianse inherently better than other
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types. Theorists have criticized that this rankiigommunication media is invalid, as the
capabilities of communication media are not invatried the way in which media are used
(see Walther, 1992). Teams, for instance, adafitddechnology that they use over time.
Adaptive structuration theory (AST) considers mutudluence of technology and social
processes (DeSanctis & Poole 1994), and states gifmatp interaction processes are
important determinants for group outcomes and fediating the effects of technology.
The structure of the relations between members gfoap and the task at hand is not
permanent according to AST, but rather evolves d¢ivee into a stable set of interaction
patterns. AST thus proposes that the way in whidkchinology is used by a group is
determined by the interaction between team facame technological characteristics. In
other words, teams learn how to use a particuladime over time and overcome
technological limitations (Dennis et al., 2008; Rea&tis & Poole 1994; Olson & Olson,
2000; Van der Kleij, Paashuis, Langeveld, & Schesa@004; Van der Kleij, Paashuis, &
Schraagen, 2005; Van der Kleij, Schraagen, Werkio& De Dreu, 2009). Moreover,
teams have been shown to adapt their structurerderdo exploit the benefits that a
medium offers (Majchrzak, Rice, Malhotra, & Kind)@D). These findings indicate that the
relation between a task and the communication miediat as rigid as proposed in MRT.

In line with this argument, it is argued by othesearchers that MRT does not
capture the unique characteristics of virtual meaiequately. Dennis and colleagues
(Dennis et al., 2008; Dennis & Valacich, 1999) mepd that the characteristics of new
media are not solid, as new media are intercondexutd therefore the capabilities of media
are flexible. For instance, mobile devices fadiiitemail and give access to the internet,
where all kinds of tools and services are availdttevorking together. Therefore, Dennis
and colleagues focus on capabilities of media aodfer and process information rather
than considering characteristics of specific mediiaese media capabilities are described
below.

Dennis and colleagues emphasized that the effeetdge of using a particular
medium is not only determined by fit between comimation media and the task, but the
level to which communication media are commensunétie the communication processes
of teams. Dennis and colleagues proposed thagmr#thn considering task type, team tasks
should be described in terms of the communicatioocgsses that are required to
accomplish a task (Dennis et al., 2008; Dennis &laviah, 1999). These authors
distinguished between two types of communicationocpsses: conveyance and
convergence. Conveyance describes the processihgransmission of information by
single team members, and convergence describelisthiession of processed information at
the team level. Regarding conveyance, team menfr@sess information in order to
create meaning. Team members analyze informatigarpret information, and integrate
information into their mental models. Subsequeritiformation is shared with other team
members. Regarding convergence, team members slispousessed information in order to
reach a common understanding on the meaning ofmaftion at the team level. As

94



Chapter 4

complex interdependent tasks require individuabrimfation processing and information
sharing, as well as establishing coordinated actlie means that complex interdependent
team tasks involve both types of communication esses. So rather than relating media
capabilities to task characteristics in MRT, thedideSynchronicity Theory (MST; Dennis
et al., 2008; Dennis & Valacich, 1999) is basedtlmn assertion that the effectiveness of
media results from the extent to which media armroensurate with communication
processes that go on in teams.

Five characteristics are proposed in MST thatrdgtee the capacity of media to
facilitate conveyance and convergence: transmissibocity; parallelism; symbol variety;
rehearsability; and reprocessability. First, traission velocity is defined as the speed at
which a medium delivers messages to recipientsh Hignsmission velocity means that
messages are delivered without time lags, fadiiiatapid feedback and conversations.
Second, parallelism refers to the number of simeltas transmissions that a medium can
support. Parallelism describes the extent to whicittiple users can use the medium at the
same time. Third, symbol variety refers to the nambf ways in which a medium
facilitates the encoding of information. AnalogdasDaft and Lengel’s (1986) multiplicity
of cues, symbol variety is focused on the use oftlfjpie) symbol sets that can be
transmitted. Fourth, rehearsability refers to wheth medium allows users to rehearse or
fine-tune messages before sending. Fifth, reprabdiy is the extent to which
contributions can be changed or updated in the 6§hew events (Dennis et al., 2008).

The present research is focused on virtual teaha perform complex
interdependent tasks. In these tasks, teams afeonted with information of which the
meaning is not immediately clear. MST proposes teatichronous interactions are
important in these situations, because team menfizasfs to interact in order to establish
meaning. Team member interactions in these situmttake the form of discussions or
feedback, and therefore require media that are iniglynchronicity. For this reason, media
synchronicity is important for virtual teams thgteoate in dynamic complex environments.
The relation between team coordination processdsnaedia synchronicity is discussed
below.

M edia synchronicity

It was argued above that overcoming equivocality ishort period of time is a
main challenge for teams that perform complexrid@pendent tasks. In these situations, it
is not feasible to use asynchronous communicatiedianbecause “(...)he assumption
that all potential receivers have in fact read anttlerstood a given message within a short
span of time is not likely to be warrante@icGrath & Hollingshead, 1994; p.21). The
importance of synchronous interactions between temmbers has been emphasized most
profoundly in MST (Dennis et al., 2008; Dennis &l&eich, 1999).
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As was discussed above, MST distinguishes bettweeitlypes of communication
processes. Conveyance and convergence differ inwdne in which team members
communicate with each other. Because conveyanagresggeam members to individually
process information and share information with éheommunication is aimed primarily
at transmitting information to other team memb@itss means that there is little need for
facilitating synchronous team member interacti@ssinformation sharing does not require
feedback or other communication loops. A typicahmaple of conveyance is sending an
email with a document or database attached torttzel e

Convergence between team members within a smaluaimaf time requires a
reciprocal process. In order to establish coorédihaiction, teams need to converge their
interpretations on complex interdependent taskswv€@ence requires team members to
discuss the meaning of information in the lighttbé team’s goals. In order to reach
consensus, team member interactions are focuseteonoordination and verification of
team members’ interpretations of the situation.sThieans that it is crucial that electronic
communication media enable synchronous interactionsterms of feedback and
discussions. As synchronous interactions facilitadgid interactions between team
members, convergence processes benefit from highels of synchronicity (Dennis et al.,
2008; Graetz, Boyle, Kimble, Thompson, & GarlocB98). Dennis et al. (2008) underline
the importance of media synchronicity as follow&eherally speaking, convergence
processes benefit from the use of media that fatglisynchronicity, the ability to support
individuals working together at the same time withshared pattern of coordinated
behaviout (p.576). Typical examples of convergence areudisons or chats.

The importance of synchronicity of interactions hedso been emphasized by
Kirkman and Mathieu (2005) in their framework ofeamn virtuality. Synchronicity of
interactions is a key determinant of team virtyaltbgether with informational value and
the use of virtual tools. Kirkman and Mathieu (2p@®inted out that the importance of
synchronicity of interactions depends on the ati¢isi of team members. Asynchronous
interactions allow team members to work withoutngeidisturbed, and enable team
members to consult background information or infation of other team members.
Asynchronous interactions also help teams to oveecthe effects of time and distance,
such as in virtual teams whose members are digddbaround the globe. Synchronous
interactions, on the other hand, are most fruitfhen teams have to determine their goals,
analyze their previous actions, and formulate tegmtegy. Similar to MST, Kirkman and
Mathieu (2005) emphasized that communication neadssary throughout task execution.

Based on the above, media synchronicity is expeittdoke important for virtual
teams that perform complex interdependent taskslidMgynchronicity is expected to lead
to better team coordination processes (H1-H4) ianekpected to positively affect team
performance directly (H5a) and through its effemtsteam coordination processes (H5b-
H5e). The research model is depicted in Figurelt\las described in Chapter 1 that team
coordination processes can be explicit and impli¢iiree implicit team coordination
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processes are studied. First, knowledge aboutigtebdition of expertise and capabilities
across members of the team helps team members ke pptimal use of the team’s
resources, and is positively related to team perdmice. This knowledge is embedded in
transactive memory systems (TMS; e.g., Moreland gabkovsky, 2000; Wegner, 1987).
Second, team situation models are important formteeoordination on complex,
interdependent team tasks because the informatidimeise models is used for selection of
behaviour on these tasks (Dalenberg, Vogelaar, &®&ea, 2009; Rico et al., 2008). Third,
team members have to anticipate the decisions etimha of other team members and the
future task states in order to establish coordthatetion. The anticipation of expected
actions of other team members and future tasksstated the dynamic adjustment of own
behaviour that results from these expectations labglled self-synchronization. The
present study considers explicit coordination byangeof communication. Communication
is important for teams to converge team memberggmtions on the team, the task, and
the environment into coordinated actions at thentkavel.

Team coordination

Implicit coordination

- Transactive memory systems
Media synchronicity |——> - Team situation models Team performance
- Self-synchronization

Explicit coordination
- Team communication

Figure 4.1: Research model for effects of medialssonicity on team coordination and team perforneanc

Transactive memory systerf®ams, virtual or not, need to have knowledgeuabo
the distribution of knowledge, expertise, and cédlgms within the team when performing
complex, interdependent tasks. Mutual knowledge beagefined as knowledge that team
members share and know they share (Krauss & Fud€80). Mutual knowledge refers to
stable, longer term knowledge about the distributidé knowledge across members of the
team. This knowledge on ‘who knows what’ in thenteia embedded in TMS.

TMS are group-level memory systems that are usedefwoding, storing,
retrieving, and communicating of group knowledgel{iigshead, 1998; Lewis, Lange, &
Gillis, 2005). TMS structures can be observed iante where team members have
developed specialized knowledge on task-relevantailos, rely on other team members
for knowledge on other domains, and integrate thkeowledge when completing a task.
Specialization reduces the cognitive workload aimiemembers individually and the
amount of redundant knowledge at the team leveilevell team members have access to
the pool of information that the group as a whotessgesses (Majchrzak, Jarvenpaa, &
Hollingshead, 2007). TMS consist of three elemerggecialization, credibility, and
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coordination (see Lewis, 2003). Specializationhie tendency to specialize and delegate
responsibility of knowledge domains, credibilitynsists of team members’ beliefs about
the reliability of expertise of other team membensd coordination refers to the ability of
team members to coordinate their contributionsctiffely. TMS have been used in team
research to describe the utilization and integratad distributed expertise in teams.
Research has largely focused on how the developmedtutilization of TMS can be
stimulated by training and how TMS can be maintaife=e Hollingshead & Fraidin, 2003;
Lewis et al., 2004; Moreland & Myaskovsky, 2000dehow TMS can be measured (see
Moreland, 1999; Lewis, 2003).

Laboratory studies have been performed to exarhio® TMS affect team
coordination processes and performance. Theseestindive demonstrated that teams that
develop TMS structures are better in using taskvaait knowledge and better integrate the
contributions of team members. This ultimately Hssin better team performance levels
(Kamphuis, Gaillard, & Vogelaar, 2009a; 2009b; Marel, 1999; Moreland &
Myaskovsky, 2000).

It was argued by Driskell, Radtke, and Salas (2@0@ Cornelius & Boos (2003)
that establishing and maintaining mutual knowledgdifficult for virtual teams. Virtual
teams are considered to be faced with difficulileddeveloping and maintaining TMS
because of changes in team composition, limitesl djfan, and limited knowledge about
distributed team members (for a detailed discusser Bell & Kozlowski, 2002). These
difficulties make it hard for virtual teams to dsiah common ground, and lead to
problems in the coordination of team member adtisit(see Oshri, Van Fenema, &
Kotlarsky, 2008). Methods have been suggested &¥cowme the negative influence of
electronic mediation, such as task-specific trajri@ornelius & Boos, 2003; Kamphuis et
al., 2009a; 2009b; Lewis et al., 2004), standataineof work processes, and meeting face-
to-face (Oshri et al., 2008).

The development of TMS means that team memberes toagiscover who-knows-
what in the team. This means that, as no large tifiggnof information have to be
processed, the establishment of TMS requires te@mbers to converge their mental
models on the distribution of capabilities and etipe that are represented in the team. The
convergence of mental models will evolve througamemember interactions such as
discussion and feedback. For this reason, it iseetgnl that media that are high in
synchronicity lead to better developed TMS thaniméuht are low in synchronicity:

Hypothesis 1: Team members in virtual teams that use electronic
communication media that are high in synchronitiawe better TMS than team
members in virtual teams that use electronic conmaoation media that are low in
synchronicity.
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Team situation modelsTeam situation models have been described as team
members’ mental models on situation-dependent imdibion, which differentiates these
models from team- and task-related models thatagonhore stable knowledge (Cooke,
Salas, Cannon-Bowers, & Stout, 2000; Rico, Sandhaazanares, Gil, and Gibson, 2008).
Team situation models have been linked positivelyeam performance, as these models
guide situation assessment, determining the syratsgessing how the team is proceeding,
and predicting team members’ actions, and seledidrehaviours (Dalenberg et al., 2009).
Team situation models are considered to be impbftanvirtual teams, as virtual teams
typically are employed in environments where change the environment affect task
execution (Rico et al., 2008). Importantly, changdéten cannot be anticipated and the
similarity of team situation models largely detemgs the way that a team will respond to
these changes.

The development of team situation models is drivgigonvergence, as changes in
the environment are typically small in volume, hlitectly affect team progress (e.g.,
identification of hostile entity, changes that digr the planning that was created). This
means that convergence of team situation modelsfiterirom synchronous interactions,
as adapting to change requires teams to discussiriterpretations of the situation rather
than processing large quantities of informationisithus proposed that virtual teams that
use electronic communication media that are higbyimchronicity develop more similar
team situation models than teams that use mediatbdow in synchronicity:

Hypothesis 2: Team members in virtual teams that use electronic
communication media that are high in synchronidigve more similar team
situation models than team members in virtual teafmst use electronic
communication media that are low in synchronicity.

Self-synchronizatian Self-synchronization describes implicit coordioat in
virtual teams, emphasizing the active role thamteaembers have in integrating their
efforts with those of other team members in ordeadccomplish team goals. In Chapter 1
we described three aspects of self-synchronizatiotegration, event handling, and
initiative taking. An important aspect of self-sjangnization is that team members form
expectations and predictions about the actionshefrdeam members and future task states,
and adjust their behaviour accordingly. Thereftgam members do not transfer or process
much information, and team interactions can betsiedia that are high in synchronicity
are good for facilitating these interactions, amghér levels of media synchronicity will
lead to better self-synchronization.
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Hypothesis 3: Team members in virtual teams that use electronic
communication media that are high in synchronieity better able to synchronize
their actions than team members in virtual teamst tluse electronic
communication media that are low in synchronicity.

Team communicationThe main challenges for teams that complete cexypl
interdependent tasks are overcoming equivocality eallectively developing adaptive
responses to unpredicted change. Adapting via @kplbordination processes would take
teams too long to function effectively in these iemvments. Implicit coordination enables
teams to improve their performance on complex dependent tasks while reducing the
amount of explicit coordination (Entin & Serfay,99 Rico et al., 2008).

For virtual teams, communication generally meansnty text in the form of
emails or chat messages. Typing text is an extenfgivm of communication, even for
skilled typists. This makes communication very sledven compared to other forms of
explicit coordination such as face-to-face commatian or telephone conversations. In a
similar fashion, the reception and transmissiormaflssages also takes more time using
electronic communication media. Therefore, team besimay fall behind in reading all
messages when all team interactions evolve viadtypessages. This will negatively affect
team coordination. (McGrath & Hollingshead, 199Fhis means that the sharing of
information in other ways than typing messagesnigartant for virtual teams. Two media
capabilities that were described in MST are relevanthis: the parallel use of multiple
channels and the use of symbol sets. First, wheem t@embers can use multiple channels
this means that coordination processes can evotve iguickly than when teams have a
single channel for sharing information and commatiigy. For instance, team members in
virtual teams that only use email have to type mgss when interacting with each other,
while team members in virtual teams that use bothikeand a shared workspace can share
task-relevant information by entering informationthe shared workspace, and only use
email messages for team coordination processeslatidion-making. Second, the use of
symbol sets will help teams to reduce the amountamunication of virtual teams.
Symbol sets refers to the possibilities of team tmenmito encode information. For instance,
when teams perform a planning task, having a mapeobperational area and symbols for
roadblocks and hostile incidents can be used farist) information and attaching meaning
to information without using typed messages. Virteams that use media that are high in
synchronicity therefore will use less communicatiban virtual teams that use media that
are low in synchronicity:

Hypothesis 4Team members in virtual teams that use electromicnecunication
media that are high in synchronicity use less conioation than team members
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of virtual teams that use electronic communicatimedia that are low in
synchronicity.

Team performanceFollowing the I-P-O approach (e.g., Hackman & Msgyri
1975), the effects of using synchronous or asynwuse electronic communication media
should resonate in the team coordination procebsgsare under study, which in turn are
expected to affect team outcomes. Consistent \ki¢ghhlypotheses described above, it is
expected that the benefits of using electronic comination media that are high in
synchronicity are reflected in performance levélsams that use electronic communication
media that are high in synchronicity are expected perform better on complex
interdependent tasks than teams that use electconitnunication media that are low in
synchronicity. Media synchronicity is expectednéilience team performance directly, and
through its effects on the team coordination preesshat are under study:

Hypothesis 5aVirtual teams that use electronic communication imeHat are
high in synchronicity perform better on a complaterdependent team task than
virtual teams that use electronic communication imethat are low in
synchronicity.

Hypotheses 5b, 5c, 5d, 5&eam performance of virtual teams is positively
affected by the use of electronic communication imethat are high in
synchronicity through its effects on TMS (H5b); rreaituation models (H5c);
self-synchronization (H5d); and team communicatidge).

Distribution of information

An important benefit of organizing work in virtuaéams is that electronic
communication media make it easy to share infomnatwithin the team. Sharing
information via shared digital workspace or storgmruments on a network drive or the
internet requires little effort of team membersy aapidly expands the pool of information
that is available to the team. Following the granfprmation processing model of Hinsz et
al., (1997), having more task-relevant informatarailable means that more information
can be processed and therefore can be utilizétkinreation of responses.

According to the group information processing maafeHinsz et al. (1997), team
members acquire information when they interact wiith environment. The goals and
objectives of team members provide a context féormation processing, and therefore
influence the attention, storage, and retrievalnédérmation. Selection of information is
crucial for team performance levels on complexrohépendent tasks, as team members will
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not be able to attend to all the information on ptex tasks (Hinsz et al., 1997; Mesmer-
Magnus & DeChurch, 2009; Winquist & Larson, 1998).

How teams direct their attention depends on a munab social and cognitive
factors, such as the distribution of informationcaag team members (Hinsz et al., 1997).
The present research is focused on the effectdstribdition of information, which was
described as thevariability of how many group members have accesa tpiece of
informatiori’ (Hinsz et al., 1997, p.54). At this point, itireportant to note that distribution
of information and information sharing are differgrocesses. Whereas distribution of
information refers to way in which information issttibuted across members of the team
prior to task performance, information sharing @wenness to share information) refers to
the discussing of information in team member irdBoms during task performance (see
Mesmer-Magnus & DeChurch, 2009). In line with theon distribution of information,
‘unique’ and ‘shared’ information refer to distriilmn of information (or: redundancy of
information), whereas the sharing, exchanging, iscussing of information refer to team
members’ openness to share information during pasformance (e.g., Van Ginkel & Van
Knippenberg, 2009; Mesmer-Magnus & DeChurch, 2009).

Research on shared information demonstrated #zahgs are more likely to be
focused on shared information, and that sharednmtion is exchanged more often than
unique information during task performance. Theinfation Sampling Model of Stasser
and Titus (1985; 1987) describes that there issitige relation between the level to which
information is shared and the likelihood that imf@ation is exchanged during team
interactions (Stasser & Titus, 1985; 1987). Theorete is that it is easier to discuss
information that is already known to other team rbers. The tendency of teams to be
focused on shared information is considered asas, ks it negatively influences team
performance. The tendency to be focused on shafedriation makes that information
that is unique tends to be overlooked by the teaggning that the team is not able to take
advantage of all knowledge and expertise that waslable to the team (e.g., Larson,
Foster-Fishman, & Keys, 1994; Stasser & Titus, 198#itenbaum et al., 2004). In other
words, although more information should help tearts accomplish complex
interdependent tasks because there is more infammatailable to the team, teams only
profit from unique information when overcoming thias to be focused on information that
was pooled. Hypotheses are formulated for the &ffe€ distribution of information on
team processes (H6-H9), and the effects of digidhiof information on team performance
(H10a-H10e; see Figure 4.2).
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Team coordination

Implicit coordination
Distribution of - Transactive memory systems

. . - Team situation models
information - Self-synchronization Team performance

Explicit coordination
- Communication

Figure 4.2: Research model for effects of distidrubf information on team coordination

Transactive memory systen®hared information is expected to lead to better
development of TMS. Prior research on TMS demotesirthat team members learn about
each other's knowledge when they are interacting. this reason, teams where team
members know each other well or are used to wagktter have better developed TMS
than ad hoc formed teams (e.g. Lewis, 2004). Siipjlastudies have shown that team
training positively affects the development of TMISang, Moreland, & Argote, 1995;
Moreland, 1999). Nonetheless, TMS can also be depeel even when there is no
communication between team members. Training iddai team members for a team task
and subsequently providing information on the krealgle of other team members has been
shown to positively affect the development of TM®iese teams performed equally well
on a complex interdependent team task as teamsewmesnbers were trained together
(e.g., Moreland & Myaskovsky, 2000).

As Moreland and Myaskovsky (2000) demonstrateithee communication nor
collective training are prerequisites for the depehent of TMS. These authors concluded
that TMS can emerge when individual team membeestained for their task, have
information on the knowledge of others, and knowtthis knowledge has to be combined
for task completion. In sum, having accurate andilar perceptions of team member
interdependence and having information on the kadgé of other team members should
be sufficient to develop TMS in virtual teams. Sthinformation will help teams to
develop accurate and similar perceptions on whossaehat and how this information
should be combined during task performance. Theeaep effect of distribution of
information is formulated in hypothesis 6:

Hypothesis 6Team members in virtual teams that have sharednmtion have
better TMS than team members in virtual teamshhaé unique information.

Team situation modelé&s was discussed in the formulation of hypoth@siteam
situation models are team members’ mental moddis avidynamic understanding of the
current situation. It has been proposed that waamtmembers hold similar team situation
models, team members are better able to anticipatidne actions of other team members
and adjust behaviour accordingly (e.g., Dalenbdrgl.e 2009; Rico et al., 2008). Team
situation models are considered to be importantviclual teams, as virtual teams in
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complex and dynamic environments, where teams tadeal with unpredictable change
(Rico et al., 2008).

For teams that are faced with unpredictable chaeffectively responding in the
first place means recognizing changes and attachasning to what is going on. However,
situation assessment is a team activity that igedrby the existing knowledge and beliefs
that are collectively held by teams, arthbitual routines work against the recognition of
such cueb according to Burke, Stagl, Salas, Pierce, anddé&d (2006; p. 1193). Burke et
al.’s remark illustrates that teams -similar toeséive information processing- tend to focus
on information that is shared and may overlook ueiqnformation that is relevant for the
task. Building on the importance of prior knowledige the creation and adjustment of
team situation models, it is expected that sharfmiration helps teams to develop similar
mental representations of the situation:

Hypothesis 7Team members in virtual teams that have sharedniaftion have
more similar team situation models team memberse&ms that have unique
information.

Self-synchronizatianDistribution of information is expected to influme self-
synchronization in virtual teams because sharifigrimation will help teams to coordinate
team member contributions, deal with unexpectedtsyand foster initiative taking. First,
it is proposed that shared information helps virtaam members to integrate their actions.
Implicit coordination mechanisms describe the bahag of team members to align their
actions by predicting and anticipating the needshef task and other team members
without explicit coordination. Providing task-relau information or knowledge to team
members without being asked is a typical impli@biination behaviour (e.g., Entin &
Serfaty, 1999; Rico et al., 2008). It is expecteat shared information helps team members
to develop accurate expectations on the actionsttadrs and future task states. Second,
shared information is expected to help teams tadleannexpected events. When team
members are confronted with environmental chantgasns that are able to adapt to these
changes are able to use information from the task@ment to adjust the team'’s strategy.
This adaptation to unexpected events occurs throcgmpensatory behaviours and
reallocation of team resources (Cannon-Bowers, @aloaum, Salas, & Volpe, 1995). It is
proposed that when task-relevant information igesthand can be accessed by all members
of a team, it becomes easier for team memberssesaghe needs of other team members
to anticipate to these needs and to adjust behaviecordingly. Third, closely related to
the identification and anticipation of the needotifer team members, shared information
is considered to influence self-synchronization fogtering initiative taking in virtual
teams.
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Hypothesis 8:Team members in virtual teams that have sharednrdton are
better able to synchronize their actions than teaambers in virtual teams that
have unique information.

Team communicationDistribution of information is expected to infhee the
amount of communication in virtual teams. Miranaa &Saunders (2003) emphasized that
the key outcome of communication is the establisitma shared understanding on
information. Members of teams have information dre tteam, the task, and the
environment, and therefore communication will becused on establishing shared
understanding with regard to the distribution opestise (TMS), the situation at hand
(team mental models), future task states, and thiers of other team members (self-
synchronization). Shared information is expectegdsitively influence the establishment
of shared understanding in these domains, becaase members can for instance verify
information, check background information or worlt @lternative interpretations without
having to ask other team members to provide inftionaThese activities will help teams
to reduce the amount of information, and thereftisgribution of information will lead to
less communication in virtual teams:

Hypothesis 9.Team members in virtual teams that have sharednton use
less communication than team members in virtuaimgeahat have unique
information.

Team performancelhe hypotheses 6 through 9 expressed the exppotative
effects of pooling information on the team coordiiora processes that are under study.
Virtual teams that work with pooled information aeepected to perform better on a
complex interdependent task. The effects of podlifigrmation are expected to affect team
performance directly, and through its effects oa tham coordination processes that are
under study:

Hypothesis 10aTeam members in virtual teams that have sharedniation
perform better on a complex interdependent task titam members in virtual
teams that have unique information.

Hypotheses 10b, 10c, 10d, 1®erformance of team members in virtual teams is
positively affected by distribution of informatiothrough its effects on TMS
(H10b), team situation models (H10c), self-synciration (H10d), and team
communication (H10e).
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Method

Participants and design

Data were collected from hundred and fifty (126nnaad 24 women; mean age
21.3 yearsSD = 1.79) cadets of the Royal Netherlands Militaryademy (RNMA), who
were arrayed in 50 three-person teams. Cadets eofRINMA take part in a military-
scientific program which lasts 4.5 years. Partiotpavere in their second year or higher.
Teams consisted of participants who were in thesines year, and teams were all single-sex.
Participants had no experience in military operaidSubjects received no initial financial
reward for participating in the study, but 50 Eumsre rewarded to the members of the
team that performed best on the task in all thremditions to stimulate participants to
perform at their best.

We took a design in which the hypotheses on meglahronicity (asynchronous
communication media vs. synchronous communicatioedia) and hypotheses on
distribution of distribution of information (unigueformation vs. shared information) were
tested separately. There were three conditions. efffexts of media synchronicity were
tested by varying media synchronicity while givitgams in both conditions unique
information. The effects of distribution of infortman were tested by varying the
distribution of information while teams in both ahtions worked with synchronous media.
This means that the condition in which teams comoaied via synchronous media and
were given unique information was used for testheg effects of media synchronicity and
for testing the effects of distribution of inforrmat. Teams were randomly assigned to one
of the three conditions. The numbers of teams i@ tionditions were 18 (unique,
asynchronous), 15 (unique, synchronous), and Jafédh synchronous).

Task

The PLANnning Task for Teams (PLATT; Kamphuis & Himinh, 2007; Kamphuis,
Essens, Houttuin, & Gaillard, in press) was usethasxperimental task environment. As
was described in the previous chapter, PLATT camuded to study distributed teams in
complex and dynamic environments. Team memberstdanstruct a planning for the
evacuation of a group of people by sharing infoiamatind resources (military units), and
by communicating and coordinating their actionsarhe interacted via email and, in two
conditions, by using a digital shared workspacearienembers also had to use written task
materials which contained information on distanaed the speed at which the units could
drive between cities. The task did not require gjpeknowledge on military operations or
command and control, so no differences were exgdotdween participants who were in
different years of their study.
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Three individual working spaces with networked caomeps were created using
room dividers. Team members worked on personal ctenp which were equipped with
software for sending and receiving emails and whichwo conditions, gave access to the
digital shared workspace. The workspace containe@m of the operational area and tools
to work in the map, such as a pen, text fields,amabl to delete information from the map.
The map was empty throughout the whole sessiomeéncbndition where teams had to
complete the task using email only. The data of dlectronic questionnaires and the
communication between team members were loggetendntral research computer. The
log files were used for the analysis of team comication.

Scenario

Teams completed a forty-minute scenario in whichytthad to construct a
planning for the evacuation of a group of peopterfra hostile city to a city that is safe.
Teams had to employ military units for transportthg group of people (transport units),
making dangerous roads safe (infantry units), asghiring broken roads or vehicles
(engineering units). During task execution, teaneseaconfronted with extra information
on the condition and safety of the roads and in&diom regarding the operational readiness
of some of the units by email. The speed at whiehunits could travel on the roads had to
be determined by combining information from differéables in the written task materials.
This information consisted of distances, road ctowl$, and time tables.

Adjustments to the taskihe task was the same as described in Chapter 3.
However, some changes have been introduced, whichvilvbe described in this section.
First, individual tasks were not designed from actional perspective (operations —
logistics — intelligence roles), but all three merhof a team had the same function. Team
members all were commanders of their own ‘are@sponsibility’ (AOR). Consistent with
military operations, the AORs were named Alpha,vBraand Charlie. All team members
had their own units for transporting the group ebple (transport units), making dangerous
roads safe (infantry units), and repairing brokesds or vehicles (engineering units). As it
was allowed to employ units in other AORs than A@@R where a unit was located, this
meant that the team could employ nine units foretvecuation of the group of people. This
is different from the task in the previous chaptenere teams had three units available for
the evacuation. This flexible employment of resesrcincreased team member
interdependence, as team members now not onlychabare information on their AORs,
but also had to share resources to complete tkeNaweover, the new role structure meant
that there was no team leader in this task stractdl team members were equal with
regard to task completion, as they all had the saomber of cities, roads, and military
units. This was specifically addressed in the taskuction.

All AORs were equal for task completion. This medmast the number of roads,
cities, incidents, and units were identical for &@Rs. The group of people that had to be
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evacuated was located at the city of Bukhara in AQpha and had to be evacuated to the
city of Dihok, which was located in AOR Charlie ¢gbre 4.3). The task contained routes
that went directly from AOR Alfa to AOR Charlie amdutes that went through AOR
Bravo. The number of possible routes was equalfoXORs in this respect.

The second difference in the scenario was thatrimdition sharing was made
easier in two conditions by allowing all team memsbé work in the digital shared
workspace rather than allowing this to only one menof the team. This enabled teams to
share information directly, as team members ditbnger have to email information to the
team member who had access to the shared worksphoesubsequently had to enter all
information in the workspace. Team members coulteremformation in the shared
workspace by adding text fields or symbols in thepror delete information from the map.
Team members were instructed to work only in th@im AOR, and use emails for
communication and coordination of routes and astidrhis means that team interaction
processes still went exclusively by email and tfoeee could be used for analysis of
communication.

Figure 4.3: Map of the operational area
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Third, the emails of the scenario were sent tdealm members. This adjustment
was made to facilitate the manipulation of inforimatdistribution. The email messages all
had an indication in the title for which AOR the @hwas intended, so it was clear to team
members which emails they had to read to stay nméar on their own AOR without
opening the emails. The information in the emaillydecame relevant for task execution
when combined with the information in the writtexskk materials, such as the tables with
distances and speed. For example, the consequehbestile events on a particular road
only became relevant when combined with informationhow long it would take to use
this road in comparison with other roads. These paoiaons with other roads where no
incidents were reported could only be made usifgrimation that could only be obtained
from the written task materials. In this way, thettien task materials formed the key to the
manipulation of information distribution. The maniation and the role of the emails will
be discussed below in the manipulation section.

The fourth change of the experimental task was #flateam members had to
complete a standardized planning form at the entieécenario. Here, team members had
to specify which route was the fastest, the amamfntime that was needed for the
evacuation, where units were located, and how they to be employed. This change
enabled us to study not only the similarity of teaituation models at the end of the
scenario, but to assess in detail the team memhadgrstanding of the evacuation. The
second advantage of combining the individual penfoices is that the measure of team
performance reflects the team better than whentghm leader completed the planning
form individually.

The changes to the task were made to increaserteanber interdependence and
to facilitate team coordination. When compared e functional role structure in the
previous chapter, the AOR role structure meant tkeatn members had more opportunities
to engage in team coordination processes suchaamgtworkload, demonstrating backup
behaviours, or detecting faults in other team mesit@ntributions. The increased team
member interdependence resulting from the flex@oigloyment of resources further meant
that the need for coordinating individual contribus was increased.

Roles. Teams consisted of three team members, who wemomsible for the
AORs Alpha, Bravo, and Charlie. All AORs had an @&quorkload, as they had the same
number of roads, cities, incidents, and possiesitio travel to other AORs. The team
members had to process information from emailsfeord written task materials and enter
information in the shared digital workspace. Thdgoahad to share information and
communicate with other team members by email tckveart what was the fastest route to
evacuate the group of people. Ultimately, team nesibad to coordinate the employment
of their units on the route that they thought wobkl the fastest. This means that team
members had to suggest a route to other team menalper propose which units would
have to be employed to carry out the evacuatidnwabk emphasized in the instruction that
there was no team leader and all team membersegera in the decision making process.
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All team members had to fill out a standardizedpiag form, in which they had to specify
the evacuation route, which units were to be engdoyand how long it would take to
complete the evacuation.

Procedure

Participants enrolled in an experiment which cdesisof two sessions. Teams
were identical across the two sessions. The fassien consisted of instructions about the
PLATT task and the software for emailing and thareld digital workspace, and an
experimental session that was not related to thecuresearch.

The experimental session took eighty-five minufBise session consisted of an
introduction and task instruction by the experimie@der (twenty minutes), filling out a
questionnaire on personal information (five minjtesnning the scenario (forty minutes),
completing the standardized planning form (ten n@s)y and filling out the final
questionnaire that contained the self-report dependeasures (ten minutes). After the
planning forms were collected, the experiment leasmounced that teams would receive a
written debriefing on both sessions when data ctla was completed, in which the
winning teams would also be announced.

Manipulation

The experiment contained two manipulations. Firgt,assessed the effects of two
configurations of electronic communication mediatttliffered for the level to which they
facilitated synchronous interactions between teaembers, addressing hypotheses 1
through 5. Second, we compared two levels of infdiom distribution for their effects on
team processes and performance, addressing hypstdhrough 10. The effects of media
synchronicity were tested by comparing two condgiovhere teams did not differ for
distribution of information. Teams in both conditfo completed their task using unique
information. The effects of distribution of infortien, alternatively, were tested by
comparing teams who all worked with media that wegh in synchronicity.

Media synchronicity Teams completed the planning task using a media
configuration that was low in synchronicity or a dree configuration that was high in
synchronicity. Teams used email in both conditidmg,teams in the synchronous condition
could also use a shared digital workspace for médion sharing. As directly sharing
information through a digital operational picture éasier than sharing information by
typing messages, adding a communication modali th high in synchronicity was
expected to affect team communication and cooridinaprocesses positively. In the
remainder of this thesis, the media configuratiaat tonly featured email is considered to
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be low in media synchronicity, whereas the configion that featured both email and a
shared digital workspace is considered to be highedia synchronicity.

The shared digital workspace contained a digitap nof the operational area,
featured a pen and text fields to enter informatiand contained symbols. The shared
digital workspace facilitated information sharingdahelped team members to converge
their interpretations on the route and use of nessu First, information sharing was made
easier in this configuration because informationldde entered directly in the map, so
team members did not have to compose email mess&gpeond, the shared digital
workspace served as a tool to develop shared uaddisg during task execution, because
team members could directly integrate informatioto ia single operational picture. This
made the interpretation of the situation easien thathe asynchronous configuration,
where team members had to develop shared underggaimdividually by creating their
own operational map using paper and a pen. Thepukation of media synchronicity was
straightforward, as teams that used the configumathat was low in media synchronicity
could switch between the screens of the email progand the shared workspace, whereas
the shared digital workspace was not available e teams that worked with the
configuration that was low in media synchroniciBwitching between the email software
and the shared digital workspace was done by digckin a button in the taskbar.

The media configuration that was high in syncheipidiffered from the media
configuration that was low in media synchronicitgr ftwo media characteristics
(parallelism and symbol variety) that Dennis et(2008) described. First, teams could use
email and the shared digital workspace at the same (e.g., one team member was
working in the shared workspace, two team members Wyping and reading emails). This
means that teams could use both email and thedskhamkspace during task performance,
which means that parallelism was higher in the bymgous condition. Regarding symbol
variety, the use of multiple symbol sets differedoss the conditions, as the shared digital
workspace featured a set of symbols and tools dffated additional ways of sharing
information. Information on hostile events or raamhditions, for example, could be shared
through text in email messages or by symbols in shared workspace. Participants
received an instruction on the use of the shargdatliworkspace, so that the meaning of
signs and symbols was clear to all. Therefore stiared digital workspace could be used
for sharing information that was already processed.

Distribution of information. Distribution of information was manipulated by
giving team members written task materials on eitheir own AOR (unshared condition)
or on all AORs (shared condition). Team memberbath conditions were instructed to
process information on their own AOR first befommsidering information on other AORs.
The experiment leader monitored this process asohtd see all the screens of the team
members on the central research computer. Thetetéshared information were expected
to become visible when the teams were confronteth wktra information from the
scenario, which affected the fastest routes of shenario at that point. The extra
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information was sent to team members by emailseHe&gam members in the shared
information condition could help other team membeyssharing workload and checking
the accuracy of information of other team membersereas in the unshared condition
possibilities were limited, depending on the infatimn that was exchanged via email.

M easur es

Transactive memory systenTdMS were assessed by using Lewis’s (2003) scale
on TMS, which consists of the subscales speciadizatredibility, and coordination. Team
members scored each item on a five-point Likeretyeale ranging from 1 gtrongly
disagree”) to 5 (“strongly agree}. As specialization was affected by the manipatatbf
information distribution, we did not include thisade as dependent variable. We used items
of the credibility scale (Cronbach’s alpha .66;efitems) and the coordination scale
(Cronbach’s alpha .82; five items) to measure TN88e Table 4.1 for the descriptive
values. The Jy values of the subscales were .90 and .81 respbctiand we aggregated
individual responses to the team level by mearevefaging. The reliability of the overall
scale reached .80.

Team situation modelddembers of the team were asked three times duiaisig
execution what they thought would be the fastesteroTeam members completed a short
electronic questionnaire in which they enteredrihgte in a text field by stating the first
letter of the cities on the route. Team situatiasdel similarity was determined by scoring
the number of similarities between routes at thamtdevel. Scores ranged from 0 (no
similarities; all team members entered differentites) to 2 (two similarities; all team
members entered the same route).

Self-synchronizatian Self-synchronization was assessed after task letiop
using a nine-item questionnaire. Adjustments toghestionnaire were made based on the
outcomes of the previous chapter. The scale novgistd of the subscales integration
(four items), event handling (three items); andiative taking (two items). Team members
scored each item on a five-point Likert-type scaleging from 1 (trongly disagree) to 5
(“strongly agree). Examples of items are for integratiohwas able to work out the best
solution together with the other team members”;ndveandling“When unexpected events
happened, | was able to determine the consequédoicether partie; and initiative taking
“1 did not like it when other team members came ith ather plan (reversed item).
Reliability of the subscales ranged from .43 to. THe correlations between the subscales
ranged from .43 to .73p(<.01 for all correlations). The reliability of theelf-
synchronization questionnaire reached .77 (seeeT4ll). The j, values for the subscales
were .68 or higher, and individual scores were egated to the team level by means of
averaging the individual responses.
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Team communication.Log files were wused for the analysis of team
communication. The log files contained data on és@mnmunication and use of the digital
shared workspace. Data on email communication statsiof the number of: (a) received
email messages; (b) opened email messages; (cesamit messages; (d) replied email
messages on received email messages. The emaiaprogf the PLATT environment
differed from regular email software in that thentmt of email messages only became
visible after opening the emails in the inbox. Tlwis done to ensure that information from
emails could only be processed when team membadsthe text of the email message.
Two variables were constructed from these data.vBhi@ble team communication (sum of
sent and replied email messages) describes theambwwommunication between team
members, thereby excluding the programmed emails fthe scenario. Although no
hypothesis was formulated, the use of the sharedspace was measured as well. As
teams were expected to intensively use the shamt#tspace for sharing information,
knowledge about the use of the workspace is iniagesvhen interpreting the results on
team communication. The measure for use of theeghdigital workspace was the number
of times that team members switched between thel sgraen and the workspace screen
on their computers. All data were collected attéeem level.

Team performancel'wo measures were used for team performance: seme of
the route and quality of the planning. The rank-es®f the route ranged from one to eight.
Lower rank scores indicated better team performafmte quality of the planning was
determined by scoring (a) deployment of units adagcuracy of the calculations. For the
deployment of units, team members received onet goineach unit that was correctly
deployed, and one point was subtracted for eachthaf was deployed incorrectly. The
accuracy of the calculation was determined scotireg nominal deviation between the
correct number of minutes of the route and numibemioutes that was filled out on the
planning form. The individual scores were averafgedhe team level scores.

Manipulation checkTwo items of the specialization subscale of Lesvi2003)
questionnaire on TMS were used to check whether nfamipulation of information
distribution had the desired effect. The items wt&tach team member has specialized
knowledge of some aspect of our prdjeahd ‘I have knowledge about an aspect of the
project that no other team member hg€ronbach’s alpha .82 for the two items). We
expected that there would be no differences onethigsns between teams in the two
conditions where there was only information givertdam member’s own AORs. Results
of at-test confirmed this expectatiop € .27). Conversely, we expected that teams who
that information on all AORs differed from teamsomhad only information on their own
AOR. This expectation was also confirmgd<(.01). Descriptive values and test results are
presented in Table 4.2.
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Table 4.1: Descriptive values for TMS and self-dyonization at the individual level
of analysis N = 150)

Number M SD Cronbach’s W

of items alpha
TMS
Overall scale 10 3.73 .57 .80 .94
Credibility 5 4.08 .57 .66 .90
Coordination 5 3.38 .78 .82 .81
Self-synchronization
Overall scale 9 3.86 .55 T7 .95
Coordination 4 3.85 .60 .55 .88
Event handling 3 3.61 .67 74 .68
Initiative taking 2 4.09 .79 43 91

Table 4.2: Mean scores, standard deviations,tdadt results for manipulation checks at
the team level for teams in all conditiom§ray = 50)

n M SD t df p d

Unique information,

low synchronicity 18 3.16 .76 1.13 31 .27 .40
Unique information,

high synchronicity 15 287 .70 363 30 "01 1.26
Shared information,

high synchronicity 17 2.08 .52

Note: p-values are one-sided
" p<.05

Results

Media synchronicity

Hypotheses 1 through 5e predicted that media sgnatity would positively
affect team processes (TMS, team situation modelslf-synchronization, and
communication), and that media synchronicity woptitively affect team performance
directly and through its effects on team proces3d® hypotheses were tested using
multivariate analysis of variance procedures (MAN&GY and follow-upt-tests. As the
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rank score of the routes are ordinal, Mann-Whittests were used to test the effect of

synchronicity of interactions on this outcome vhlga Table 4.3 presents means, standard
deviations, and Pearson correlations between alablas of interest. Spearman’s rank

correlations were computed between the rank sairé® route and the other variables.

Transactive memory systems.one-way MANOVA procedure was conducted
with media synchronicity as independent variablel dne two subscales of TMS as
dependent variables. Results showed that mediahsymicity did not affect TMS
(Hotelling’s trace .20; Wilk's lambda .8%(2,30) = -2.95p = .07;1? = .16). Follow-upt-
tests demonstrated that media synchronicity diddiffér for coordination f§ = .41), and
did negatively affect credibilityp( = .02) perceptions in virtual teams (see Tabld.4.4
Hypothesis 1 was not supported.

Team situation modelsSimilarity of team situation models was assesseéeth
times during the scenario. A MANOVA procedure wa®d to determine the effects of
media synchronicity on team situation model sintyar Results showed media
synchronicity did not affect team situation modémitarity (Masynchronous = 1.11,
SDusynchronous= 47, Msynchronous= 0.82, SDynchronous= -32, Hotelling’s trace = .21; Wilk’s
lambda = .83F(3,29) = 2.06p = .13, % = .18). Although the overall difference was non-
significant, the direction of the differences oétteams contradicted our expectations. We
therefore conducted separatiests for the three times that team situation rheihailarity
was measured.

The results on thetests (Table 4.5) show that there are no differemegarding
team situation model similarity on the first two aserementspg = 21;p, = .22), but teams
differed at the third measuremept € .02). Here, teams that used the media configurat
that was high in synchronicity showésks similarity in their team situation models than
teams that used the media configuration that was ito synchronicity. Reflecting the
results of the MANOVA, this outcome contradicte@ timypothesis. Hypothesis 2 was not
supported.

Self-synchronizatianA one-way MANOVA procedure was performed with rized
synchronicity as independent variable and the tlsidescales of self-synchronization as
dependent variables. No multivariate effect wasnébHotelling’s trace = .13; Wilk's
lambda = .89F(3,29) = 1.21p < .32;n% = .11). Follow-up-tests indicated that integration
(p = .37) and event handling & .22) were not affected by media synchronicityt that
media synchronicity did negatively influence iriiv@ taking ¢ = .04), as teams that used
media that were high in synchronicity reported legative taking than teams that used
media that were low in synchronicity (Table 4.6)hisT outcome contradicted our
expectations. In all, the results provided no supfoo hypothesis 3.

Team communicatiorfhe variable team communication consists of the berm
of emails that team members sent to each othengitine session. It was hypothesized that
the availability of media that were high in synahigity would decrease team
communication via email, because information coblel shared directly with team
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members. The expected differences were not obseagegams in both conditions did not
differ significantly for the amount of emails thaere sent by team members (see Table
4.7,p = .19). Media synchronicity did not affect tearmuaounication. Hypothesis 4 was
rejected.

Team performanceTeam performance was assessed using three indiciao
team performance: rank score of the route, comaqloyment of units, and deviation from
correct end time. Regarding the rank score of tlwer a Mann-Whitney test revealed that
teams that used media that were high in synchigndid not differ significantly from
teams that used media that were low in synchron{bit = 17.87;U = 122.000p = .62).
Two t-tests were conducted to test the differences oflianesynchronicity on unit
deployment and deviation from end time measuredléld.8). Results of the Mann-
Whitney U-test and the t-tests indicated that meslimchronicity did not affect team
performance, providing no support for hypothesisHgpotheses 5b through 5e predicted
that the team processes that were under study woddiate the effects of media
synchronicity on team performance (see Table 4.3iéscriptive values and correlations).
As no main effects of media synchronicity was aiddi on any of these processes (see
above), these hypotheses were rejected.
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Table 4.3: Descriptive values and correlations betwteam process and team performance variabtes s#gam level of analysid( =
33 for media synchronicity)

M SD 1 2 3 4 5 6 7 8 9 10 11 12

TMS

1. Credihility 3.34 .53 - 43 -01 -20 27 59 51" 760 .03 -05 .15 .02

2. Coordination 4.15 .32 - -13 21 .00 "7554" 50" .16 -15 .45  -.09
Team situation models

3. Assessment 1 91 .70 - .33 -11 .00 -07  .0306 -29 .22 .09

4. Assessment 2 1.18 77 - .13 12 28 -.06 4542 .34 -.31

5. Assessment 3 .83 .57 - .03 27 .22 .09 1501 .09
Self-Synchronization .

6. Integration 3.84 .45 - 73 43 02 -05 31 -01

7. Event handling 3.62 .39 - 38 .32 -08 .15 -.15

8. Initiative taking 4.12 .57 - -14  -07 15. .03
Team Communication

9. Team communication 40.64 10.56 - -1617 -.13
Team performance X

10. Deviation end time 68.23 47.45 - -54.33

11. Unit deployment 1.77 171 - .03

12. Rank score route 4.1R/dn) 1.00 — 8.00range -
Note: Column 12 contail Spearman’s rank correlations

" p<.01 "p< .05
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Table 4.4: Mean scores, standard deviations,tdest results for TMSN = 33 for
media synchronicity)

n M SD t df p d
Coordination
Low synchronicity 18 3.40 .67 22 31 41 .07
High synchronicity 15 3.44 .39
Credibility
Low synchronicity 18 427 .29 -2.06 31 02 .70

High synchronicity 15 4.04 .36

Note: p-values are one-sided
" p<.05

Table 4.5: Mean scores, standard deviations, tardt results for team situation model
similarity (N = 33 for media synchronicity)

n M SD t df p d

Assessment 1
Low synchronicity 18 1.00 .69 -.84 31 .21 .29
High synchronicity 15 0.80 .70

Assessment 2
Low synchronicity 18 1.28 .83 -.78 31 .22 .27
High synchronicity 15 1.07 .70

Assessment 3
Low synchronicity 18 1.06 .54 -2.23 31 02 81
High synchronicity 15 0.60 .60

Note: p-values are one-sided
" p<.05
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Table 4.6: Mean scores, standard deviations, aest tesults for self-synchronizatioN (=
33 for media synchronicity)

Integration
Low synchronicity 18 3.86 .50 -.35 31 .37 A1
High synchronicity 15 3.81 .39

Event handling
Low synchronicity 18 3.67 .45 -.79 31 .22 .28
High synchronicity 15 3.56 31

Initiative taking
Low synchronicity 18 427 .46 -1.80 31 04 64
High synchronicity 15 3.93 .60

Note: p-values are one-sided
" p<.05

Table 4.7: Mean scores, standard deviations,tdest results for team communicatidd (
= 33 for media synchronicity)

n M SD t df p d

Team communication
Low synchronicity 18 42.28 9.68 -.90 31 .19 31
High synchronicity 15 39.00 11.26

Note: p-value is one-sided

Table 4.8: Mean scores, standard deviations,tdest results for team performanéé €
33 for media synchronicity)

n M SD t df p d

Unit deployment
Low synchronicity 18 1.66 1.65 .33 31 .28 .13
High synchronicity 15 1.88 1.76

Deviation from end time
Low synchronicity 18 79.62 56.76 1.29 31 A1 A7
High synchronicity 15 56.83 38.14

Note: p-values are one-sided
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Distribution of information

Hypotheses 6 through 10e predicted that distripubibinformation was positively
related to the team processes under study (TMSmM te#tuation models, self-
synchronization, communication). It was further bymesized that distribution of
information would positively affect team performandirectly and through its effects on
these team processes. Similar to hypothesis testinghedia synchronicity, hypotheses
were tested using MANOVAs and follow-ugtests. As the variable rank score of the
routes was ordinal, Mann-Whitney tests were usetédbthe effect of the distribution of
information on this variable. Table 4.9 presentsans standard deviations, and
correlations between all variables of interest.&p@n’s rank correlations were computed
between the rank scores of the route and the s#r&bles.

Transactive memory systenihe availability of information about other team
members’ AORs was hypothesized to influence thesldgment of TMS. The effects of
distribution of information on TMS were tested gsimn MANOVA-procedure. The results
of the MANOVA are presented in Table 4.10. The Itssshow that team coordination
processes were not affected by distribution of iméation. Because of the sm&ivalues
no follow-upt-tests were performed. No support was obtainettfpotheses 6.

Team situation model$t was expected that teams with shared informaliave
more similarity in their team situation models. filgg the differences in a MANOVA
procedure showed that there were no differencesrdary team situation model similarity
(Munshared= 0.82, SDynshared = .66 Mghared = 0.84, SDyareq = .63; Wilk’'s lambda .96;
Hotelling’s trace .04F(3,28) = .37;p = .77, partialn 2 = .04). As the results on team
situation model similarity differed across threeasgrements when testing hypothesis 1,
we computed three separatéests to assess whether the measurements differed
distribution of information. Table 4.11 shows thams in the unique information
condition did not differ from teams in the pooladormation condition on any of the
assessments, providing no support for hypothesi& fepeated-measures ANOVA was
performed to test team situation model similartyotighout task execution. The results
show that team situation model similarity decreasigmhificantly during the experiment
(Hotelling’s trace= .23; Wilk's lambda .81fF(2, 29) = 3.38p = .05,11,32 = .19). These
results indicate that both groups experienced aliffies for maintaining team situation
model similarity.
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Table 4.9: Descriptive values and correlations lkeetwteam process and team performance variabtee é¢am level of analysifN(=

32 for distribution of information)

M SD 1 2 3 4 5 6 7 8 9 10 11 12

T™S

1. Credibility 3.21 71 - 68 -15 -07 .02 64 49" 551" -20 .08 -04 -.03

2. Coordination 3.37 .54 - -06 .14 13 78 .74 63 -20 -04 .20 .01
Team situation models

3. Assessment 1 .94 .66 - 15 .02 .03 -25 .0701 05 A3 -.27

4. Assessment 2 1.03 74 - .10 .06 01 .03 .03.21 .25 -.09

5. Assessment 3 .60 .66 - 20 34 .06 .23 -0:2 -.08
Self-Synchronization

6. Integration 3.86 41 - 64 690 -29 -09 .17 .10

7. Event handling 3.59 .46 - 45 10 03 .08 -.29

8. Initiative taking 4.00 .55 - -45 .13  -02 -.30
Team Communication

9. Team communication 37.06 10.94 - -03 3 .2-14
Team performance

10. Deviation end time 55.88 42.24 - -.29.33-

11. Unit deployment 1.73 147 - -.03

12. Rank score route 5.00/@n) 1.00-9.00 fange -

Note: Column 12 contains earman’s rank correlations

" p<.0L. "p<.05
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Table 4.10: Mean scores, standard deviations, taedt results for TMSN = 32 for
distribution of information)

n M SD F df p n?

TMS
Unique information 15 3.73 .33 -.92 30 .35 .03
Shared information 17 3.58 .52

Note: p-value is one-sided

Table 4.11: Mean scores, standard deviations,tdest results for team situation model
similarity (N = 32 for distribution of information)

n M SD t df p d

Assessment 1
Unique information 15 0.80 .67 -.88 30 .20 31
Shared information 17 1.00 .61

Assessment 2
Unique information 15 1.07 .70 -.56 30 .29 21
Shared information 17 0.94 .56

Assessment 3
Unique information 15 0.60 .63 -.04 30 .58 .03
Shared information 17 0.58 71

Note: p-values are one-sided

Self-synchronization.Shared information did not affect self-synchrorimat
(Table 4.12). The smak-ratio indicates that differences within groups evéarger than
between groups, so no additionaésts were performed. Hypothesis 8 was not supgort

Communication Hypothesis 9 predicted that shared informatiofpdevirtual
teams to limit the amount of communication. The banof email messages that were sent
within the team expressed the amount of commumicatiThe result of a t-test
demonstrated that there is no reduction in the raumol) messagegp (< .25; Table 4.13).
No support was obtained for hypothesis 9. Althonghthypothesis was formulated for the
use of the digital shared workspace, a sedaedt was performed to test the effects of
distribution of information on the use of the shiarmorkspace. The results indicated that
team members in both groups intensively used thereshworkspace, regardless of
distribution of informationg§ < .48).

122



Chapter 4

Table 4.12: Main effects of information distributimn self-synchronizatiorN(= 32 for
distribution of information)

n M SD F df p n?

Self-synchronization
Unique information 15 3.67 .24 -71 30 41 .02
Shared information 17 3.57 41

Table 4.13: Mean scores, standard deviationst-#est results for communicatioN & 32
for distribution of information)

n M SD t df p d

Team communication
Unique information 15 39.00 11.26 .68 30 .25 24
Shared information 17 36.41 10.22

Use of digital shared workspace
Unique information 15 147.47 58.74 .19 30 .48 .06
Shared information 17 150.76 41.07

Note: p-values are one-sided

Team performanceHypothesis 10a predicted a main effect of inforovati
distribution on team performance. This hypothesiaswested in a Mann-Whitney
procedure, where the rank scores of the qualithefroutes were compared for teams that
used unique information with teams that used sharfedmation. Results show that teams
with unique information Nl = 18.27) did not differ from teams that worked twithared
information M = 14.94;U = 101.00, p = .30). The second measure for team performance
was the employment of units. tAest revealed that teams with unique informatiahrubt
differ from teams with shared informatiomp (= .33). The third measure for team
performance was the deviation from the correcttend of the chosen route. The results of
at-test indicated that teams did not differ on thasiable p = .48). Results are presented in
Table 4.14.These results provide no support foothgsis 10a.

Reflecting the absence of support for hypothesdhréugh 9, team processes
could not be related to team performance. This mé¢aat there is no mediation by these
processes. The hypotheses on the mediating rataof processes (H10b through 10e) are
rejected.
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Table 4.14: Mean scores, standard deviationsi-sest results for team performandé £
32 for distribution of information)

n M SD t df p d

Unit deployment
Unique information 15 1.88 1.76 46 30 .33 .18
Shared information 17 1.61 1.24

Deviation from end time
Unique information 15 56.83 38.41 .07 30 .48 .04
Shared information 17 57.84 46.00

Note: p-values are one-sided

Discussion

This study examined the effects of media syncleitpniand distribution of
information on virtual teams that perform complexerdependent tasks. Following MST
(Dennis et al., 2008; Dennis & Valacich, 1999)wis tested to what extent synchronous
media helped virtual teams to perform better onmeminterdependent tasks. Results of
the present study are not in line with MST, as temoordination processes were not
affected by media synchronicity and teams did riiéérdwith respect to team performance
levels. Moreover, the present research demonstrétetl media that are high in
synchronicity negatively affected team situation model similarity, perceps of team
member credibility, and initiative taking. A posigibexplanation for these contradictory
results is that teams that used media that weite ihigynchronicity simultaneously used
email and a digital shared workspace for team mernmiberactions, a possibility that has
not been considered in MST. Further, no differeneese obtained between teams that had
unique information and teams that worked with stianformation. The effects of media
synchronicity and distribution of information arisclissed in detail below.

Transactive memory systemResearch on TMS has demonstrated that the
encoding, storing, and retrieval of information abdistribution of expertise within the
team helps teams to perform better on complexrdefgendent tasks (e.g., Lewis, 2004;
Liang, Moreland, & Argote, 1995; Moreland & Myaslgky, 2000). Team members need
to develop mutual and accurate expectations omxpertise of other team members. The
development of TMS through team member interactimwsilts from knowledge about
other team members, prior experience to work tagetbr training at the individual or
group level (e.g., Lewis, 2004; Kamphuis et al.028). The development of TMS means
that team members have to interact with each dthexcquire this information. For this
reason, TMS were expected to be positively affettganedia synchronicity. It was also
expected that distributing all task-relevant infation among all team members would
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positively affect the development of TMS. Resultsvided us with no support for these
expectations.

A possible explanation for the lack of resultsthat team members may have
found it difficult to learn how to make effectivesal of the shared digital workspace.
Cornelius and Boos (2003) argued that short-terrtuali teams (virtual teams that are
composed of strangers that have no intentions tok viogether in the future) may
experience difficulties when they have to learn howvork with electronic communication
media. These authors proposed that media thabarenlsynchronicity often have features
that fosterintermessageconnectednesssuch as threads or previous messages being
displayed in an email conversation. As media tihathdgh in synchronicity typically lack
these features, adapting to synchronous media reandre difficult than working with
media that are low in synchronicity for short-tevirtual teams. Indeed, the digital shared
workspace that was used in this research did nat bach features, and this research was
conducted with short-term teams.

Another possible explanation for the lack of resuk that team members’
perceptions of the credibility of other team mensheas affected by media synchronicity.
Teams in the synchronous condition rated theio¥elteam members dasscredible than
in the asynchronous condition. This finding isibtited to the use of the shared digital
workspace, albeit in the opposite direction of exgppectations. It is proposed that for teams
that worked with media that are high in synchrdagideam members were confronted with
errors and mistakes of other team members whenimgihk the shared workspace, such as
sharing incorrect information or forgetting to entelevant information in the shared
workspace. In this way, higher levels of media $yooicity may have led tdower
perceptions of credibility of other team memberthim present research.

Team situation model&ollowing MST, it was expected that media syncheityi
would help teams to develop similar team situatisodels. Findings indicated that media
synchronicity did not affect team situation modighifarity in the present study. In fact,
virtual teams that could use both email and a aigihared workspace haglss similar
team situation models on one of the assessmenisvittaal teams that used only email.
This finding may be attributed to the use of tharell digital workspace. Teams used email
and the shared digital workspace in the condititlene® media synchronicity was high. As
will be discussed below, interacting via two elenic communication media did not
reduce the amount of typed messages that team mesdrd to each other. In other words,
teams in the synchronous conditions did not onlnsptime and cognitive resources on
sharing information in the shared digital workspamat on top of that team members sent
each other typed messages. We propose that thishanay led to a reduced focus on
developing accurate perceptions on the operatisihgtion. Importantly, this explanation
could not be tested empirically.

125



Effects of media synchronicity and distributionimformation on coordination in virtual teams

Further, teams with shared information were expgktdehave more similar team
situation models than teams with unique informatiRasults indicated that distribution of
information did not affect similarity of these mdsle

Self-synchronizationSelf-synchronization was expected to be positiadfgcted
by media synchronicity, because coordination, evieandling, and initiative taking
typically require negotiation and feedback betwkzarm members, interactions that require
media that are high in synchronicity (Dennis et 2008). However, the expected effects of
self-synchronization were not obtained. Additioaalalyses revealed that teams did not
differ on the integration and event handling sulescaut that teams that used media that
were high in synchronicity reportddwer scores on the subscale initiative taking. These
results may be related to the aforementioned resmltteam member perceptions of
credibility. Credibility refers to the extent to igh teams members judge the reliability of
the expertise of other team members (see Lewis3)200hen team members rate the
reliability of other team members’ expertise lowtegm members will be less likely to take
initiatives that involve other team members.

CommunicationFollowing MST, team communication was expectedid¢orease
when teams could use both email messages and istianemation via the shared digital
workspace. Entering information in the shared wpake rather than typing email
messages was expected to reduce the amount of amoatian in virtual teams. The
reduction of the average amount of email messageparticipant (participants sent on
average three messages less per session; seedTgldéd however not reach significance.

The finding that teams did not limit their commeation via email is attributed to
the redundant use of media in the condition wheaens worked with both email and the
shared workspace. The log files showed that teanmbmaes made intensive use of the
shared workspace in the synchronous condition (oerage participants accessed the
workspace 49 times per session; see Table 4.13)g vdam members in both conditions
also sent over forty email messages (see Table Bh§ outcome indicates that teams that
used both email and the shared digital workspatEmated to communicate and share
information viaboth types of media simultaneously, rather tisantchingbetween media.
Studying the text of the messages revealed thdéeith team members did use email for
sharing information (travel times, reporting inaitd and subsequently entered this
information in the shared workspace and vice versa.

This redundant use of media was not expected. iBesamd colleagues (2008)
introduced the term ‘media appropriation’ to ddserithe level to which users use a
communication medium the way that it is intendeg).(eusers can choose to send emalil
back and forth in such a tempo that the mediunmaat functions as instant messaging or
chat). Dennis et al. (2008) emphasized that mediadasigned to function in a specific
way, and thereby inherently facilitate and consttae behaviour of users (cf. McGrath &
Hollingshead, 1994). The absence of differencethénuse of email between conditions
indicated that participants did not use the medid was intended (email for discussing the
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best alternative, information sharing via the stam®rkspace). By comparing the content
of the electronic maps with the text of email mgesa teams used the shared workspace
for sharing information, but teams sent the sanferimation via email as well. These
results imply that the benefits that were assodiatéh the shared workspace were not
warranted, because sharing information via emag#sages was not substituted by sharing
information via the shared digital workspace. Aswi#scussed above, it remains unclear to
what extent this finding can be attributed to tlee wf short-term teams in the present
research.

Team performancelhe three measures for team performance assedéectrdi
aspects of team performance. There was a hierathgutes, and rank scores indicated
how well teams completed the scenario. Moreoverctirrect employment of units and the
errors in the calculation of the end-time focusadte accuracy of the planning. No effects
of media synchronicity of interactions and shamrimation on team performance were
found.

The aforementioned changes to the task as userperiment 2 were designed in
order to get a more thorough understanding of thaity of team members’ efforts. The
absence of relations between team processes amdptdormance that were described in
Chapter 3 were attributed to the fact that the wanson of the planning was carried out
by the team leader. This might not have been a geprksentation of the performance of
the team as a whole. For this reason, all team raesntyere now asked to fill out a
planning form from which all team performance ssoveere derived. Again, only few
relations were found between team processes acdrmaatmeasures. The absence of direct
effects of input factors on performance measursswell as the absence of significant
relations between team processes and performanasunes, indicate that the performance
measures did not function adequately.

Another possible explanation for the lack of resulegarding distribution of
information is the type of task that was used ia present research. The majority of
research on distribution of information featurescatied hidden-profile tasks. This type of
tasks requires team members to share and discigsmation in order to select the best
alternative (i.e. information on a set of persdra pply for a job). This task type features
a ‘hidden profile’ in that some important pieceioformation is known to one or more
team members. This information is crucial for stterthe best alternative. The present
research did not feature a hidden profile, andrétirmation in the task was relevant for
determining the best route. For this reason, theseguences of not sharing a particular
piece of information were less dramatic on the pilag task than on a hidden profile task.

The present task did not feature a hidden prbeause this was considered not
to be representative for the distribution of infation in modern (military) organizations.
It was decided that the main criterion for teamfgenance should be the amount of
information that was processed and shared withroh@m members. Importantly, the
relation between distribution of information, infoation sharing, and team performance
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was made less dramatic than in hidden profile tagkdistribution of information did not
affect coordination processes and performance enptiesent research, adjustment of the
experimental task may be important for investigatithe effects of distribution of
information in virtual teams.

Theoretical implications

The present study indicated that media synchrgniend distribution of
information did not affect coordination processad performance in virtual teams. It was
proposed that the simultaneous use of differenttieleic communication media could
explain these outcomes. In an attempt to dedudiipécations for theory on coordination
in virtual teams, we propose that the simultanamesof electronic communication media
may influence the functioning and performance ofual teams in two ways. First, the
simultaneous use of electronic communication methy distract the team from the task,
as the team devotes considerable time and effahaoing and discussing information on
complex, interdependent tasks. This holds partibufar virtual teams that are not used to
use different media simultaneously. For this reagsmms may have less attention for other
activities, such as detecting changes in the enment or performing individual subtasks.
For teams that operate in dynamic environments, iy negatively affect the teams’
capacity to adapt. Second, redundant informati@misg on complex, interdependent tasks
in complex and dynamic environments is prey to isistencies and errors. The current
research suggests that this may affect team mehgmceptions on the credibility of other
team members. As a result of this, the simultanesesof electronic communication media
may negatively affect team processes such as coatiplj the discussion of shared
information and initiative taking. As many teamshunsiness and the military use more
than one communication medium, it is proposed fhtatre research is needed to address
the effects of redundant information sharing inuat teams.

The finding that members of virtual teams inteabivuse both types of media
regardless of the level to which information istdigited implies that virtual teams find it
difficult to reduce the amount of communication apdtablish implicit modes of
coordination when performing complex tasks. Thelifigs imply that offering alternative
ways for sharing and integrating information tonbsamay not positively affect team
performance.

Regarding team situation models, Rico et al. (2088phasized that the team
itself forms the context in which team members afer Driven by team member
interactions, individual situation models are expdcto converge and lead to commonly
held situation models. Findings of the current gtsidggest that virtual teams find it hard to
establish similar team situation models, as teammipees differed for their ideas on the best
route in a large majority of teams. It is not pbksito determine to what extent these
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difficulties result from interaction via electronmommunication media, as the present
research did not consider face-to-face teams asatayroups. Further, it is not clear to

what extent short-term teams differ from teams tha used to work together in this

respect. Given the dynamic aspect of team situatiodels, it is suggested that establishing
similar team situation models is more difficult thastablishing similar team- and task-
related models, which contain more stable knowleddpés topic has not been discussed in
mental model literature so far.

Limitations and future research

The present study was conducted in a laboratdtingewhere teams that were
formed ad hoc completed a complex experimental.tdsks setting is typical for
experimental (virtual) team research, as it allo@gearchers to study in detail the effects of
input factors on team processes and team perfoem@edine, Piccolo, Jackson, Mathieu,
& Saul, 2008; Martins et al., 2004). This approé&hknown as the input-process-output
approach (e.g., Hackman & Morris, 1975). Importdrawbacks of the IPO approach are
that the relations between input factors, procesgofs, and output factors are more
complex and dynamic outside the laboratory andtteain processes that evolve over time
cannot be studied (llgen, Hollenbeck, Johnson, 8d82005). For these reasons, results of
experimental team research have limited value ppfieation outside the laboratory.

The finding that media synchronicity can negathadfect the perceptions of team
members on the credibility of other team membeikfoa further research in this area,
since these perceptions were related to initiatikéng in this study (see Table 4.3). This
suggests that the effects of media synchronicitgkvim two ways: media synchronicity can
lead to convergence in teams that work togethel, Wwat media synchronicity may also
negatively influence team coordination processesnvteam members notice that other
team members perform less well, such as reducsdtivé taking. This potential downside
of media synchronicity should be addressed in &rtesearch.

The expectations on the effects of synchronicitinteractions and distribution of
information were driven by the MST (Dennis et aD08; Dennis & Valacich, 1999). The
present study was focused on the ability of eledtraommunication media to foster the
convergence of cognitive structures and behaviowirtual teams. A major limitation of
the present study was that the expectations andodelogy were not designed to
distinguish between conveyance and convergencee she present study was aimed at
team coordination processes rather than commuoicatiocesses. Future research should
differentiate these processes, for instance by igimy electronic documents and
applications to participants rather than printesk tenaterials. In this way, the processing
and transferring of information can be distingugh&hich makes it possible to relate these
processes to conveyance and convergence.
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Another limitation results from the use of the stimnnaire on self-
synchronization. The adjustments that were madédajuestionnaire after Experiment 1
did not turn out well, as the reliability scoresteb subscales decreased substantially. The
low reliability score indicates that the question@alid not satisfactorily assess two aspects
of self-synchronization in the present researchurteuresearch should address the use of
multiple communication media by virtual teams, hessa data suggest that the
simultaneous availability of different types of needb relevant for coordination processes
in virtual teams. This research should differeetibetween conveyance and convergence
processes, and specify the appropriation of diffetgpes of electronic media for these
processes.

Conclusion

Many teams in business and the military are virtughe sense that teams rely on
electronic communication media for team member ratigons. These media differ
considerably to the extent to which media enaldentenembers to interact synchronously
and to the extent to which media can be used tdlmite information among members of
the team. The present research investigated to eki@nt virtual teams benefit from
synchronous interactions and distribution of infation when performing complex
interdependent tasks.

The findings of the study largely contradicted ectations. Both synchronicity of
interactions and distribution of information didtritave major effects on team cognitive
processes or team performance. In some cases,ethdtsr had to be attributed to
methodological issues. However, other results tedheoretical questions. First, results
indicated that the simultaneous use of synchroremg asynchronous communication
media lead to higher communication overhead, bectéesm members share information
via both types of media rather than switch betwewia when sharing information and
discussing shared information in the light of tharh goals. As results suggested that this
may negatively affect the perceptions of credipitif team members, it is possible that the
parallel use of different types of media can affédual teams. For this reason, comparing
different media configurations (rather than differenedia) could be helpful for addressing
this issue in further research. Second, team dognititerature has focused on the
similarity of team members’ perceptions of the tg@ng., expertise, capabilities), the task
(e.g., interdependency, equivocality), and theasitun (e.g., opportunities, threats). While
similarity of stable team- and task-related knowkeds well-established (see Lim & Klein,
2006), less is known about the importance of hgidiimilar knowledge on the situation
(Rico et al., 2008). The results of the presergassh suggest that virtual teams experience
difficulties to establish and maintain similar teaituation models.
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Chapter 5

General discussion

Introduction

The present research was intended to develop terbenhderstanding of
coordination in virtual teams and to determine \hfactors foster effective coordination.
This chapter discusses the theoretical and pradtigalications of the findings, and the
strengths and limitations of the research.

All teams in the present research exclusively etklion technology for
communicating and sharing information with otheantemembers during task execution.
Three empirical studies have been presented ire thubsequent chapters. Experiment 1
was an explorative experiment in which we studigidtang military teams in a simulated,
but realistic environment. Teams in Experiment &dugoice communication, messaging,
and visual images. Experiments 2 and 3 were labogragéxperiments in which teams
performed a complex planning task. Teams in Expemi2 and 3 used email and, in some
conditions, a shared digital workspace. The exterwhich teams rely on technology for
team member interactions is one of the determinafntisam virtuality in the framework of
Kirkman and Rosen (2005). This means that all teeintke present research were virtual
teams. It was decided to focus exclusively on wirtieams rather than comparing virtual
and face-to-face teams. Conclusions therefore afgplyirtual teams that exclusively rely
on information and communication technology fornteenember interactions during task
execution.

Experiment 1 investigated in which way level of ity and joint experience
affected coordination in air defence command teafhgse teams engaged in a realistic
joint air defence task in a high-fidelity simulatienvironment of TNO. Level of authority
and experience with multi-service operations (fjdirwere studied for their expected
influence on communication, self-synchronizatiomd ateam performance. Level of
authority was manipulated by giving the teams naarhority in handling incidents without
direct supervision from the higher command levelthis condition, teams had the freedom
to collaborate directly with other-service teamattiworked in the same mission. Joint
experience was studied by comparing teams witlewifft levels of joint experience.

Experiment 2 investigated the effects of lead@rshyle on coordination processes
in virtual teams by comparing a participative wéhdirective leadership style. Leadership
style was manipulated by giving team leaders adesidp training before executing the
planning task. Coordination processes that werdieduin this experiment were team
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information processing, team situation models, aelf-synchronization. This study was
conducted at a research facility of TNO.

Experiment 3 investigated the effects of mediachyonicity and distribution of
information on coordination processes and teamopmidnce of virtual teams. Media
synchronicity and distribution of information area factors that are related to information
and communication technology. Media synchronicéfers to the extent to which media
allow synchronous interactions between team membbtedia synchronicity was
manipulated in this experiment by adjusting theficpmation of media. A team performed
the planning task either using only email, or usimgth email and a shared digital
workspace. The second factor was distribution fifrmation, which refers to the extent to
which all team members have access to the samamafiwn. Distribution of information
was manipulated by giving team members either wiqformation or giving team
members shared information. Coordination processgdied were team situation models,
self-synchronization, and communication. This ekpent was conducted at the NLDA.

Findings and theoretical implications

This section discusses first the results that wetand regarding coordination
processes and after that the focus is on the fathat have been manipulated in the three
studies.

Coordination processes in virtual teams

The implicit coordination processes studied wezant information processing,
team situation models, transactive memory systemdS), and self-synchronization.
Explicit coordination was studied by analyzing tiemmunication between team members.

Team information processingeam information processing involves the sharing
of information, ideas, or cognitive processes amtean members and how this helps
teams to accomplish their goals (see Hinsz, Tindalgollrath, 1997). Team information
processing was assessed using Likert-scales fommattion sharing, lack of overview, and
tunnel vision. Results indicated that a participatiand delegating leadership style
positively affected team information processingvirtual teams. Teams that had leaders
with a participative, delegating leadership st@parted that they were better able to share
information with other team members and experietessl tunnel vision when compared to
teams that had leaders with a directive leaderstyip. These outcomes are consistent with
theories on virtual teams that participation ofnteanembers positively affects team
information processing (Cggu, Schalk, & Wessel, 2008; Kahai,Sosik, & Avoli997;
2004). Further, this finding provides empirical pap for the view that team leadership
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style plays an important role in team informatiorogessing in virtual teams (Bell &
Kozlowski, 2002; Cascio & Shurygailo, 2003; ZaccdRittman, & Marks, 2001).

Further, sharing information was positively rethti® self-synchronization, and
lack of overview was negatively related to self«ymonization. Since team members have
to process information in order to make decisioncomplex, interdependent tasks, these
correlations suggest that team information proogsss related to the ability of team
members to synchronize their decisions and actidtisother team members. This finding
shows that a participative leadership style istpasy related to information processing at
the individual level, and suggests that a partibiedeadership style enables team members
to synchronize their decisions and actions witheotteam members. These findings are
consistent with theories on virtual team leadershé team leaders have a major impact on
coordination processes in virtual teams (Bell & Koeski, 2002; Zaccaro, Ardison, &
Orvis, 2004).

In sum, the outcomes are consistent with theoryidonal teams that participation
of team members positively affects team informapoocessing, and that team leaders play
an important role in establishing effective cooadion in virtual teams (Bell & Kozlowski,
2002; Hambley, O’Neill, & Kline, 2007; Kahai, Sosi& Avolio, 1997; 2004). This means
that for virtual teams that perform complex, inegpdndent tasks in dynamic environments,
may profit from participation of team members fdretselection and utilization of
information on the task.

Transactive memory systemEMS were expected to positively affect team
coordination processes and team performance, beéaosviedge about the distribution of
expertise within the teams is assumed to help tewmperform better on complex,
interdependent tasks (e.g., Liang, Moreland, & Aegd995; Moreland & Myaskovsky,
2000). TMS were assessed by Lewis’ scale of TM®E20Two factors were studied for
their effects on TMS.

First, media synchronicity did not affect the depenent of TMS and did not
positively affect team performance. This outcomggasts that media synchronicity is not
important for virtual teams to develop their TMShig finding is contradictory to theories
on TMS that providing opportunities to team memberkearn about other team members’
roles and expertise is important for the develognoémMMS (e.g., Liang et al., 1995). On
the other hand, previous research has shown thuaidimg team members with information
about other team members’ roles and expertise tsanfacilitate development of TMS
(Moreland & Myaskovski, 2000). It is possible thteam members relied on information
from the instruction for the development of TMSdahat they did not improve their TMS
during task execution, which means that higherlfeeEmedia synchronicity provided little
advantage for this.

Interestingly, media synchronicity negatively atést team members’ perceptions
regarding the credibility of the expertise of ottesim members, one of the aspects of TMS.
This outcome is contradictory to theories on TM&ere better opportunities to learn about
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the roles and expertise of other team members @sitiyely related to perceptions of the
credibility of the expertise of other team memb@g., Liang, 1995; Kamphuis, Gaillard,

& Vogelaar, 2009b). The negative effect of mediackyonicity on the perceptions of the
credibility of the expertise of other team membaray be explained by an unexpected
effect of media synchronicity. When team memberg usedia that are high in

synchronicity, they continually can see the actioh®ther team members (e.g. entering
information in a shared digital workspace), whi@nmegatively affect the perceptions of
the credibility of other team members. The findilgse implications for theories on TMS
in that it appears that the development does nguime synchronous information and
communication technology when team members alrbadg information on the roles and
expertise of other team members.

Second, the distribution of information did noteaff the development of TMS in
virtual teams, and did not affect team performangpparently, working with shared
information did not help team members to gain mkmewledge on the distribution of
expertise within the team and how this expertise foabe integrated. It was expected that
teams could profit from higher levels of sharedinfation for the development of TMS
(Mohammed & Dumville, 2001). The results provided support for this expectation.
Again, it is possible that team members developed TMSs using information from the
instruction, and that shared information offeratielibenefits for this during task execution.

In sum, the manipulations of media synchronicitg aistribution of information
did not affect the development of TMS, which suggébat neither of these technological
factors seems to be important for the developméniMsS in virtual teams. A possible
explanation of this finding is that virtual teaneem to be capable to develop a good TMS
when they are given information on the roles angeetise of other team members
beforehand. A downside of the lack of effects iattthis makes it hard to draw solid
conclusions on the importance of technologicaldescbn TMS building in virtual teams.

Team situation modelsCooke, Stout, and Salas (2001) and Rico, Sanchez-
Manzanares, Gil, and Gibson (2008) proposed thatltgn-dependent information is
important for teams to develop a dynamic understandf the environment. Rico et al.
(2008) proposed that team situation model simylai particularly important for
establishing effective coordination in virtual temnbecause team members lack the
ongoing interpersonal communications that charaeteface-to-face teams. Therefore, it
may be particularly important for virtual teamsestablish similar team situation models.

Log files were used for the analysis of teamaditn model similarity. None of
the factors that were studied in this thesis heligedns to improve the similarity of their
situation models. No evidence was obtained thatitheelopment of team situation model
similarity was affected by leadership style or fast related to information and
communication technology. Also, no relations welbgamed between team situation model
similarity and other team coordination processes.cdntrast, research by Rasker and
colleagues (Rasker, 2002; Rasker, Post, & Schra&f#0) showed that communication
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between team members during task execution helgssteto establish similar team
situation models. This may be explained by diffesmin the design of the studies. Rasker
and colleagues manipulated communication by comgatéams that could only send
standardized email messages and teams that cauldssendardized email messagesl
could communicate verbally, whereas all communicatin the present research was
mediated by technology. It is likely that estahilighsimilar team situation models may be
more difficult when team members can only commueicéa typed messages and a shared
digital workspace, than via verbal communicatioracé-to-face, by telephone, or
videoconferencing).

Another finding was that the similarity of teantusition models decreased over
time. This indicated that virtual teams have proideto maintain similar team situation
models when situations get more complex. This isitent with the argument of Rico et
al. (2008) that team members need ongoing intespafscommunication in order to
develop a shared understanding of the situatiotureuesearch should be focused what
media characteristics are related to the developraed maintenance of team situation
model similarity in virtual teams that perform cdep tasks (see Dennis, Valacich, &
Fuller, 2008).

In sum, the findings on team situation modelsdatk that virtual teams find it
hard to establish similar team situation modelscesithe scores for team situation model
similarity were low in Experiments 2 and 3. Thigygasts that maintaining or increasing
team situation model similarity may require richeedia than were used in the present
research. This issue should be addressed in fugkearch.

Self-synchronizationilhe concept self-synchronization was introducedescribe
how virtual teams anticipate on the actions of ptieam members and adjust their own
behaviour accordingly. The concept was developedirtderline the consequences of
computer-mediated communication for implicit cootion in teams. Self-synchronization
was measured by a self-report scale that was des@lim this research (see Experiment 2).

Self-synchronization was affected by three factdevel of authority, joint
experience (under conditions of low levels of autlyghy and leadership style. The findings
are consistent with theories on implicit coordinatthat describe that team-related factors
(leadership style, experience) and organizatioaetofs (level of authority) affect implicit
coordination in teams (e.g., Espinosa, Lerch, & Wra2004). The outcomes of the
experiments show that this also holds for virtugdnbs, since self-synchronization was
improved by enhancing authority levels and by thetipipative leadership style of team
leaders. However, the lack of effects of technalalyfactors is inconsistent with theories
on implicit coordination. Our findings provide napport for theories that propose that
media synchronicity is important for effective cdimation in virtual teams, which is
proposed in MST (Dennis & Valacich, 1999; DennigJactich, & Fuller, 2008). Further, no
evidence was obtained that shared information gomant for effective coordination in
teams, as was proposed by MacMillan, Entin, anta8e¢2004).
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The findings of the present research have imptinatfor current models of team
coordination in virtual teams by demonstrating teelf-synchronization can be enhanced
by organizational and team-related factors, bu¢vidence was obtained that technological
factors affect self-synchronization.

CommunicationLog files were used for the analysis of communmicatResults
indicated that level of authority affected commuaticn. In Experiment 1 teams
communicated less with higher organizational lea&ld more with other units working in
the same mission, which positively influenced sgifichronization and performance. Level
of authority did not affect communication betweearh members. Further, indications
were observed in Experiment 3 that media synchitynenabled teams to communicate
less, but this trend did not reach significancewhs concluded that overlap in the
capabilities of media to share information may l¢adredundant use of media, which
therefore did not reduce the amount of communiodbetween members of the team.

Communication is important for coordination in resa because team members
need to exchange information, discuss informatfiima, solutions, and provide feedback to
other team members. Communication is considerée taffected by the use of information
and communication technology since communicatingy ma&e more time and cognitive
resources (McGrath & Hollingshead, 1994). Constisteith this view, the findings of
Rasker, Post, and Schraagen (2000) demonstratédrehtrictions in communication
because of the use of information and communicatiechnology negatively affect
coordination and performance.

The findings of Experiment 1 generally supportyfew that the use of technology
influences communication, but there were no effeofs media synchronicity and
distribution on information on communication in Expment 3. The findings in Experiment
3 may be caused by differences between the medihinghese experiments. While teams
used voice communication, messaging, and visuabésman Experiment 1, teams used
typed messages in Experiment 3. According to tlenéwork of Kirkman and Rosen
(2005), communication is positively related to aipation processes and performance in
teams that are low in virtuality (e.g., videocoefering teams), (see Martins, Maynard, &
Gilson, 2004). Alternatively, teams that are highvirtuality (e.g., teams that use email)
experience difficulties to make effective use ofdme(e.g., Cornelius & Boos, 2003). The
lack of results in Experiment 3 is attributed te theffective use of the synchronous media
configuration, which indicate that further reseaochthe role of communication in virtual
teams for different levels of virtuality is neededaddress this issue, and to what extent
virtual teams can adapt to media over time (seedémrKleij et al., 2004; 2005; 2009).

Self-report and log file dataAll experiments featured a mix of self-report
(questionnaires) and log file data. It was obsemyed correlations between these types of
measures were low. A possible explanation for ftivgling is that team members’
perceptions of the coordination between them diffedrom their behaviour. For instance, it
is possible that team members entered a differeater on the planning form (team
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performance), while team members were convincetthiey all worked on the same route
(self-synchronization). These differences betweemncgptions of team processes and
behaviour are also found in other research (e.gmphuis, Gaillard, & Vogelaar, 2009a).
For the present research, the low correlationscaidithat team members’ behaviour was
also affected by other team processes, such agatiotial (i.e., group cohesion, collective
efficacy) and affective processes (i.e., team caitipm). This suggests that research on
coordination processes will profit from a mix oftalaources and measures for other team
processes that may influence team members’ behlavikauther, measuring coordination

processes via multiple methods may increase ouerstahding of coordination processes
in teams.

Factors affecting coordination in virtual teams

Level of authority.Experiment 1 showed that level of authority dideef
coordination processes and team performance. Aehitgvel of authority for the air
defence command teams positively affected exptiotrdination. With higher levels of
authority the air defence command teams commuricatere with other units that had
capabilities relevant to the task. Contrary to eMpectations, level of authority did not
affect communication within the team. Of the pra@essdetermining implicit coordination,
only self-synchronization was affected by the leseauthority. Higher levels of authority
enhanced both horizontal and vertical integratibrthe actions of team members, which
means that team members were better able to in¢etirair actions with the overall team
goals (vertical integration) and with other teammmbers and other networked units
(horizontal integration). However, level of authgrilid not affect the other two aspects of
self-synchronization, event handling and initiatted&ing. Results demonstrated that with
decentralization critical incidents were better diad and overall team performance was
increased.

The results of the group discussions indicated tha team leaders played an
important role in making effective use of the irased levels of authority. Team
performance did only improve when team leaders neidered the new roles and
responsibilities of team members and gave instostio team members to make optimal
use of the new possibilities. Further, team membwlfigated that some team leaders were
fully occupied with processing information themssvduring critical incidents, which
negatively affected the execution of subtasks layntenembers. For instance, these team
leaders did not provide team members with inforaratin time or did not give permission
to act on time. This finding indicates that theeeffveness of delegation of authority
depends on the way that team leaders make userebied level of authority.

In sum, the findings of Experiment 1 imply thatglhér levels of authority
positively affect coordination processes and penforce. However, team members seemed
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to profit only when team leaders encouraged therdaiso. These results are consistent
with the research of Schraagen et al. (2010), wivestigated the effect of authority by
comparing hierarchical and networked teams. Thegkoss found that higher levels of
authority in networked teams (decision rights, Eality of information, information
sharing, and task division) positively affect tegmarformance on difficult tasks. The
present results indicate that increasing the aityhiewvel is beneficial for virtual teams that
perform difficult tasks when team leaders encourtggm members to participate in
decision making, or delegate some authority to te@@mbers. In line with other research
on leadership, the findings of the present studylyrthat team leaders have to be trained to
meet the demands of leading virtual teams in deakred organization structures (e.g.
Zaccaro et al., 2004; Hambley et al., 2007).

Joint experienceExperience was the second factor that was investgén
Experiment 1. Joint experience was operationala®the experience team members with
working with teams from other servicd3ased on prior research on the role of experience
in command and control teams (e.g., Cooke et 8l07P and the theory on networked
military operations, it was expected that joint esipnce would help air defence command
teams to enhance team coordination and enable teamake effective use of their extra
authority to collaborate with other networked units

Results showed that joint experience facilitatedf-synchronization, but only
when teams had a low level of authority. Furtheintj experience positively affected
overall team performance. Again, this differencesvealy observed in the condition in
which teams had a low level of authority. Thesailtsgprovide us with no support for the
positive effects of joint experience in decentmdizommand structures. Interestingly, our
findings relate to those of Cooke et al. (2007)pvdund that experienced teams are able to
transfer previous command and control experiendadifterent tasks, but that this is only a
performance benefit. Contrary to their expectaticmmmmand and control teams did not
learn how to perform different command and contiasks better than inexperienced teams.
Cooke et al. (2007) concluded that prior experiegaee teams a performance benefit, but
not a learning benefit. The expected learning biemeds also not found in the present
research. As the teams were used to work in theatemed command structure, here we
found the same performance benefit that Cooke. €2@07) reported. As the decentralized
command structure was new for the teams, therenwasdication that experience working
together in a command and control setting transéeto this new setting.

Leadership stylelt is emphasized in the literature on virtual tel@adership that
leaders are important for coordinating the actiofhiembers of virtual teams, who may be
working across locational, temporal, and relatiobaundaries (Zaccaro et al., 2004;
Hambley et al., 2007). As was discussed under levalithority, the results of Experiment
1 supported the importance of team leaders in aliteams. The extent to which teams
made effective use of extra authority dependedhenatctions of team leaders to let team
members participate in coordination processes aumlegate (sub)tasks to team members.
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Experiment 2 examined in which way leadership séffected coordination processes and
performance. Results confirmed expectations thmtréicipative leadership style positively
affected team information processing and self-sgomtilzation, but it did not positively
affect team situation model similarity or team penfiance. Further, team situation model
similarity decreased during task execution undéh beadership styles.

The absence of differences between teams witlicjpative and directive leaders
regarding team situation model similarity suggestat leaders may have had limited
possibilities to enhance the similarity of situatimodels between members of the team.
This finding converges with the decrease in thdlanty between team situation models in
both conditions, indicating that members of virtuehms have increasingly different
understandings of the situation during task perforce. It appears that virtual teams suffer
from the lack of ongoing, interpersonal communimatiin developing a shared
understanding of the environment, as was propoyedito et al. (2008). Further, it was
demonstrated by Rasker and colleagues (Rasker; Ra@Rer et al., 2000) that restrictions
in communication negatively affect the developmeftsituational knowledge. Taken
together, it appears that virtual teams experigiffeculties in developing similar team
situation models. Nonetheless, it is importantiotual teams to establish similar situation
models in order to establish coordinated actioris Thearly calls for future research on the
possibilities of team leaders to influence coortiota processes that involve situational
information.

In summary, the findings of Experiment 2 indictliat a participative, leadership
style may help team members to process more efédgtiask-relevant information and to
synchronize their actions. This finding is consisteith theories on virtual team leadership
that characteristics of virtual teams (e.g., wogkétross locational, temporal, and relational
boundaries, flexible membership) call for partitipe, delegating leadership styles (Bell &
Kozlowski, 2002; Cascio & Shurygailo, 2003; Zaccatoal., 2004). However, it appears
that it is difficult for team leaders to influendbe coordination processes involving
situational information. This outcome contributestheories on virtual team leadership
(Zaccaro et al., 2004; Hambley et al., 2007) thabtay be more difficult for virtual team
leaders to influence coordination processes thatwe situational information.

Media synchronicityMedia synchronicity was described as the extenwhah
media enable synchronous interactions between nmandfevirtual teams (see Dennis,
Fuller, & Valacich, 2008).

Results demonstrated that media synchronicity dat affect coordination
processes and performance. No main effects wenedffor TMS, team situation models,
self-synchronization, communication, and perforngangdditional analyses revealed that
some aspects of coordination were affected. Contmexpectations, media synchronicity
negatively affected perceptions of team member credibilitys(doscale of TMS), team
situation model similarity at the end of the taskd initiative taking (a subscale of self-
synchronization). These results may be explainedagguming that in the synchronous

139



General discussion

media configuration, team members could observattiens of other team members in the
shared workspace (e.g., entering or altering infdiom), which may have negatively

affected perceptions of team member credibility. iRstance if team members noticed that
other team members performed their task slowly oorly, this may have negatively

affected team member credibility. Although this lkaxation could not be tested, the
outcomes suggest that media synchronicity can fiatnlead to negative perceptions of

coordination in virtual teams that perform compliexerdependent tasks.

In contrast with expectations, teams using a syradus media configuration did
not differ from teams that used an asynchronousianednfiguration for the amount of
communication. A strong reduction in the use of émwas expected here, because there
was no need to share information through email agess when information could be
shared via a digital workspace. However, teams tisaid asynchronous media did not
differ in their use of email from teams that usgdchronous media. It was concluded that
virtual teams may find it difficult to switch beter different types of media for sharing
information and discussing information to acconipliee task. The way in which teams
used electronic communication media for sharingrim@ation and communication may
explain why team performance did not profit from dige synchronicity. Dennis and
colleagues used the concept midia appropriationto describe the extent to which
individuals use media as intended (Dennis & Reimick004; Dennis et al., 2008). The
redundant use of email and the shared workspadtkeirsynchronous condition suggests
that team members did not use the media as intemddédh may have affected the amount
of cognitive resources that team members allociiedhe sharing of information. Team
members were not used to using a shared digitédspace, and this may be the reason that
team members shared information both by email anthé shared workspace. This may
have diminished the expected positive effects wiraction through media synchronicity.

The results of the study contribute to the themrymedia synchronicity (Dennis et
al., 2008) by demonstrating that higher levels ofdim synchronicity on a complex,
interdependent task may not affect team coordinafioocesses and team performance
when teams use multiple media. The present resesaighests that teams may experience
difficulties to the different media as was intendshbaring information in the shared digital
workspace, and discussing shared information viailemessages). Since there is little
research on the use of multiple media in virtuals, the findings suggest that the use of
media configurations that have overlap in theiratalities may not enhance coordination
in virtual teams.

Distribution of information The results of distribution of information weretnn
line with expectations. Teams that had shared infétion did not differ from teams that
had unique information on any of the team coordtimabr performance measures. Three
possible reasons were proposed to address thespaated findings. First, when team
members completed their tasks correctly, the ad@dae of information on other AORs
may have been limited. In this situation, checkimfgrmation on the AORs of other team
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members did not help teams to coordinate bettéo aonstruct a better planning. Second,
team members did not make effective use of therimftion on AORs of other team
members, because they were fully occupied withrtbein task. Team members had to
perform several tasks during the experiment, sicbldaining information from the task
materials, sharing information with team membensj @onstruing a planning. It was
proposed that all these activities left limited gibsities for other activities such as helping
other team members or checking the accuracy ofrimdtion of other team members. The
third explanation for the obtained results may e type of task used. The majority of
research on distribution of information used sdechhidden profile tasks (for a discussion,
see Wittenbaum, Hollingshead, & Botero, 2004). Hditddrofile tasks are designed in a
way that information that advocates the best adtiéra is largely not shared, so that team
members have to share unique information in ordereach the optimal outcome. Our
hypotheses were based on this kind of researcheMenythe present planning task did not
feature a hidden profile. Teams received no infdionathat advocated a specific solution,
and teams had to process all information to araivéhe best route. Since all information
contributed to team performance, the differenceéséen the unique and shared conditions
were less dramatic as compared to hidden profillestaAlthough this design was chosen to
reflect the use of electronic communication media&iitual teams, the results did not yield
evidence that distribution of information helpedartes to perform a complex,
interdependent planning task.

In sum, the findings suggested that use of eleirommmunication media for distributing
information across all members of the team did afteéct coordination processes in this
study. The findings contribute to theories on infation processing in virtual teams (for an
overview, see Cgeu et al., 2008) that the expectation that virttelms are able to
overcome biases in information processing (e.gt,using all relevant information) may
not be warranted.

Practical implications

Virtual teams are found in many organizationsfqrening a wide variety of tasks.
Virtual teams typically consist of team membershwvdifferent expertise and capabilities,
which increases the amount of knowledge and capasbilthat teams can use when
performing tasks. The findings of the present redea@an be used by organizations to
improve the effectiveness of virtual teams, by eitplg the benefits and minimizing the
drawbacks of virtual teams. Practical implicati@ns discussed separately for two different
aspects of team performance: leadership style am use of information and
communication technology in teams that are high virtuality. Further, practical
implications for networked military operations wilé formulated.
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Leadership styleThe findings indicate that participation of team miers in
decision making is important for virtual teams stablish coordinated action. Literature on
virtual team leadership (Bell & Kozlowski, 2002; tdbley et al., 2007; Zaccaro et al.,
2004) indicates that virtual teams find it hard cmordinate team member actions into
coherent actions. Participation of team members hadyy to coordinate their actions more
effectively. In virtual teams, team members may plate their tasks individually, until it
becomes important that their actions have to begmated. To establish this, team leaders
should encourage team members to participate diniinthe optimal way to coordinate
their actions, and seek to delegate (sub)taskeam tmembers. Virtual teams profit from
participative, delegating leadership styles whenrkimg in complex and dynamic
environments, where they have to adapt to unpradietchange. This requires teams to
reconsider existing routines and to develop new sw&y reach their goals. Team
coordination heavily relies on the input and feedtbaf team members, and therefore
participation of team members in the decision psecs important (Burke et al., 2006;
LePine, 2005). Changes in the individual taskeafit members may affect the activities of
other team members, and therefore the team hazémsider how to accomplish its goals.
Team member participation is important in this gsx because team members have to
discuss alternatives and establish consensus onttn@dapt to the new situation. When
team leaders share authorities with team memb@ssebhables team members to take over
some of the leadership functions. This helps tetrshare workload and make effective
use of available resources.

An important limitation of virtual team leadershipthat the different backgrounds
and individual perspectives of team members makaril to develop similar perceptions of
the situation. The findings of Experiments 2 anihccated that virtual teams experience
difficulties to establish and maintain similar teaituation models, which are considered to
have a positive effect on team coordination andoperance (Rico et al., 2008). Although
the present findings did not indicate that teandées can facilitate team situation model
similarity, we propose that team leaders may helmt members to develop a similar
understanding of the situation by involving teamnmbers in decision making processes
and by delegating (sub)tasks to team members. CHistake the form of providing team
members with situational information and discusdiigyor her opinion on the situation at
hand, or delegating situational assessment to taambers. Further research should make
clear to what extent virtual team leaders can fo#te establishment of similar team
situation models in virtual teams, and if they bartrained to do this.

Information and communication technolog¥e propose that team leaders have
to make a selection of the different types of mebat can be used for communication in
virtual teams. Experiment 3 was based on the assamphat virtual teams may
communicate via different types of media, and tifferent media are used for sharing
information and discussing information that hasrbsleared in the light of the team goals.
The findings indicated that members of virtual teado not switch between different media
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for different types of communication (e.g., emdits sharing information and chat for
discussing the best alternative), but use diffetgpes more or less simultaneously. We
propose that this redundant use of communicatiodianean potentially diminish the
benefits that are associated with using electrooiomunication media in teams, and that it
may be wise to minimize the overlap of media cafas when teams use multiple media
simultaneously

Implications for networked military operatioriBhe research that was presented in
this thesis was aimed at gaining more insight iordmation processes in virtual teams and
investigating what factors foster effective cooadian in virtual teams. At the same time,
the findings may also be applied to networked amjitoperations.

First, the findings on joint experience show tipeiior command and control
experience did not affect the ability of teams ta@at to new, decentralized command
structures. These findings suggest that it is bheiaéto invite all teams in the network that
have relevant capabilities for an operation, relgadof their level of joint experience.

Second, many military teams can share informadioshcommunicate via multiple
media in networked military operations (i.e., diaed, local digital radio, mobile devices).
The findings of Experiment 3 imply that it may difflt to switch between media for
sharing information and discussing information. sThiay lead to redundant sharing of
information, and military teams may not make optirnge of the possibilities that
electronic communication media offer for informaticharing and communication in
complex and dynamic environments. Teams that faate in networked military
operations may therefore profit from training andidglines that are focused on the
effective use of multiple media in these environtaen

Third, the findings of Experiments 2 and 3 suggdstt the establishment of
similar team situation models may be difficult whieram members rely exclusively on
electronic communication media. As verbal commuiidcahas been shown to positively
influence the establishment of similar team sitwatnodels in teams (Rasker, 2002; Rasker
et al.,, 2000), it may be important that virtualtesacan communicate unrestrictedly. In
terms of the Media Richness Theory (Daft & Lend®€87), the use of rich media may be
important for this.

Strengths and limitations

The present research was intended to study codiainan virtual teams. The
research examined factors that are assumed tendiuthe effectiveness of virtual teams.
Research was conducted to determine in what wasn teeembers of virtual teams
coordinate their decision s and actions with thoSether team members during team
performance.
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The strength of the present research is that awetidn processes were studied in
different environments. Experiment 1 was an exgilee experiment that was conducted in
a simulated, but realistic setting. This enabletbustudy coordination processes in existing
teams in a realistic setting. Further, establistiome level of control made it possible to
examine the effects of two factors as well. Coaatlon processes were studied in
controlled settings in Experiments 2 and 3. Since telations between factors, team
processes, and outcomes are complex in team réseaoatrolled experiments are an
effective research methodology for disentangling thultiple factors that influence team
processes. Combining these two types of experimalas/ed us to gain more insight in
coordination processes in virtual teams in compari® research that studies coordination
processes in a single setting.

Another strength of the present research was thehdata sources. A mix of log
file and self-report data was used in all experitpelt was discussed above that low
correlations were observed between different ssuroé data, indicating that the
perceptions of coordination processes differ fre@nt members’ behaviour. Developing
reliable and valid measures remains to be an irapbissue in team research (see also
Cooke, Salas, Cannon-Bowers, and Stout, 2000).dBEvelopment of measures in team
research is an ongoing process and it appearsathatffective way to gain a better
understanding of team processes is to assess teasspes via multiple measures.

Further, the present research featured a settufrfathat were related to the team,
the organization, and the context in which the ®amorked. Contextual factors were
technological factors. Investigating the effectsaaofariety of factors gave us the advantage
of gaining a deeper understanding of coordinatimt@sses in virtual teams, rather than
focussing on a single aspect.

Limitations of the present research result fromhodological issues. The goal of
Experiment 1 was to gain more insight in coordimatprocesses in virtual teams by
studying existing military teams in a realistic @omment. The study had a explorative
research approach (e.g., realistic environmentstiegi teams, diverse measures) while
some level of control over the environment waskdslaed by using scenarios , by varying
the command structure, and by inviting teams witffeent levels of joint experience.
However, this study faced us with several methogiold issues. First, the exploration of a
new command structure inherently means that obsemwere not blind to conditions.
Second, learning effects may have occurred regarttia roles and responsibilities, and
regarding the task itself. Third, it is possiblattfearning effects have confounded with the
manipulation of level of authority. We propose thitpossible measures have been taken
to reduce the possibility that these issues haigeimced the results of Experiment 1. These
measures were discussed in detail in Chapter 2.eMery no empirical support can be
presented that these measures were sufficienefding) with these methodological issues.

Another limitation resulted from the manipulatiohjoint experience. This factor
was manipulated by inviting existing air defencenogand teams that differed in their
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experience with working in joint operations. Howewtere were considerable differences
between teams that had similar levels of joint elgpee regarding the extent to which
team leaders shared the extra authorities with te@mbers, and communication between
the team and the higher level. The differences betwteams with similar levels of
experience made it difficult to determine the effe®f joint experience on team
coordination in networked operations and the ingue of joint information for making
effective use of extra authority in decentralizethenand structures. The present research
also contained several limitations that resultednfthe problems with the development of
the self-synchronization questionnaire. The adjestis1 that were made to the self-
synchronization questionnaire on the basis of &selts of Experiment 2 did not improve
the quality of the questionnaire in Experiment BeTself-synchronization questionnaire
had relatively low correlations with other team g#ss measures and lower scores for
within-group agreement. This indicates that teanmivers differed on their perceptions of
self-synchronization.

Finally, the research considered two types of teaheams that participated in
Experiment 1 were professional teams, and hadtarhisf working together. These teams
would also be working together in the future. Atigtively, teams that participated in
Experiment 2 and Experiment 3 were so-called stawrtr terms. These teams were formed
shortly before the experiment, and abandoned wherexperiment was finished. In other
words, these teams have no history and would netdsking together in the future. Short-
term teams may show less effort to adapt to oth@mtmembers and to the media (e.qg.,
Cornelius & Boos, 2003; Walther, 1992). This medhat teams that participated in
Experiment 2 and Experiment 3 may have had redow&d/ation to use the media as was
intended.
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Summary

Summary

Background

Similar to other organizations, military organipas use information and
communication technology to coordinate their actioim many situations. Military
operations have a strong focus on establishingdiaated action, ‘synchronization’, in
particular in complex and dynamic operational gitwes when actions have to be adapted
to emerging conditions. Military operations argti’ by nature, as the activities of a unit
directly affect the activities of another unit. Tefore, effective coordination of actions by
several units is important.

Networking the contributions of dispersed teamsy, thmely coupling their
capabilities, competencies and resources, resultmdre flexible and adaptive, ‘agile’,
command and control processes. Military operatignsre information and communication
technology is used for the synchronization of tlkBoas of teams or units are labelled
networked military operationsTheoretical foundation is sought in complexitjesce, and
theorists on networked military operations partclyl refer to the concepts of emergence
and self-synchronization in order to explain thadkiof dynamic they aim to capture.
Emergence refers to bottom-up processes in whibaweurs of individuals are amplified
by interactions with others, and lead to collectaaion. Self-synchronization is used in
theory on networked military operations to desctie alignment of actions of teams that
are networked through information technology, withdirect control from the higher level.

Teams that participate in networked military opierss are faced with increased
demands regarding team coordination, including rmftion processing, developing
dynamic understanding of the environment, antigigaton the actions of other team
members, other teams and future task states, guodtiad own behaviour accordingly.
Therefore, gaining more insight in team coordinatwocesses at the team level in teams
that are networked through technology is crucial developing effective, networked
military organizations.

Present research

Teams are called ‘virtual teams’ if the team merabatteractions are to a large
degree mediated by information and communicatiahrielogy, such as email, chat, and
digital workspaces. The technology is used forrilisting information and for facilitating
interactions between team members. Virtual teanms prxform their task while being
dispersed geographically, in time, or across diff¢organizations.
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Despite the benefits that information and commatidn technology offers to
organizations in terms of flexibility and adaptéil research indicated that virtual teams
also may have their drawbacks. Research on virteams has demonstrated that
information and communication technology can haggative effects on team processes
and performance. Team processes that were negatiffeicted are: the establishment of
effective communication, interpersonal relationsared vision, and mutual knowledge.
These drawbacks have been attributed to the decascial cues in computer-mediated
communication, difficulties that virtual teams expace in the development of trust, and
the reduced informal and non-task communicationmiders of virtual teams reported
lower levels of communication between the membkraer levels of satisfaction with
group processes and higher levels of frustratidfecks of information and communication
technology on team performance levels were mixexdh megative and positive effects
were found, while other studies reported no diffiess. In attempting to gain more insight
in coordination in virtual teams, the present redeavas intended to analyse how virtual
teams coordinate their actions and further to dater which factors foster effective
coordination in virtual teams:

Research question How do team members in virtual teams coordinatér the
actions with those of other team members durinmtearformance?

Research question 2What factors foster the effective coordination tem
member contributions in virtual
teams?

Team coordination

When teams perform complex, interdependent tagkantmembers often have
different roles, responsibilities, expertises, aegources. Team coordination refers to the
effective management of mutual dependencies bettreem@ctions of the team members.
Team coordination refers to the process of orcagsyg the sequence and timing of
interdependent actions in teams that perform coxpplaterdependent tasks. Team
coordination processes are either explicit or inipliCoordination processes are explicit
when team members use them purposely for coordmaixplicit coordination is effective
regarding tasks that have many routine aspectsvaed there are no changes in the task or
in the environment that interfere with the routiméseams. For tasks and environments that
are characterized by higher levels of change, eixptoordination mechanisms are less
optimal because these coordination mechanisms edimeg-consuming and often do not
offer the flexibility that is required for dealingvith change in the task or in the
environment. Teams will rely on implicit coordinatiin these situations.
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Implicit coordination may be described as the syowization of member actions
based on unspoken assumptions about what oth#re group are likely to do. When team
members interact with each other and become exmerikin a task, team members develop
shared knowledge of the team and the task. ThiedHamowledge enables members of a
team to anticipate to the needs and actions ofetined adjust their behaviour accordingly
without having to communicate directly with eacheator plan the activity of coordinating.

The research considers five aspects of team auwatidh. Team processes that are
related to implicit coordination are team inforro@ti processing, transactive memory
systems, team situation models, and self-synchatiiz. Explicit coordination is studied
by means of communication. Three experiments werelucted in order to answer the
research questions.

It was investigated in Experiment 1 in what wagsel of authority and joint
experience affected team coordination in existiiig d@fence command teams. These
factors were studied to address the effects ofrdeslezation of decision-making authority
and the effects of experience to work with teanmfrather services on team coordination.
A explorative experiment was conducted in whichdgfence command teams engaged in a
simulated, but realistic joint air defence task.véleof authority was manipulated by
adjusting the command structure on the secondosesair defence teams were given more
decision-making authority by delegating the auttyotd handle incidents without direct
control from the higher level, and moreover teaneseagiven the freedom to collaborate
directly with other networked units. Joint expederwas studied by selecting teams with
different levels of joint experience.

Experiment 2 examined in what way leadership saffected team coordination
and performance. Participative leadership stylér t® leadership styles in terms of team
member participation. Team leaders can adopt Ishgerstyles that do not include
participation of team members (directive leadersdtiges), or team leaders can involve
team members in decision making and/or share tesonsibilities with team members
(participative, delegative leadership styles). &svwhypothesized that participation of team
members is important for virtual teams because te@mbers may come from different
organizations, may enter and leave the team depgndin their specific role or
contribution, and the limitations of team leaderskecute leadership functions in virtual
teams. Experiment 2 was designed to test thesecetjpms. Three-person teams engaged
in a complex planning task. Team leaders were asdigandomly, and received either a
directive or a participative leadership trainingppto task execution.

Experiment 3 was focused on two characteristics ioformation and
communication technology. First, media synchrowieias described as the extent to which
media enable synchronous interactions between nmmbe virtual teams. Media
synchronicity was considered to be important fatual teams that perform complex,
interdependent tasks because team members cantegether at the same time with a
shared pattern of coordinated behaviour. It wasebqu that media synchronicity would
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positively affect team coordination in virtual teenMedia synchronicity was manipulated
in Experiment 3 by adjusting the configuration loé telectronic communication media that
were available to teams. Teams that used a synahsamedia configuration could use both
email and the shared electronic workspace, wheesass that used a media configuration
that was low in synchronicity could only use email.

The second factor that was addressed in ExperiBemtas distribution of
information.
Distribution of information was described as theiafaility of how many group members
have access to a piece of information. An importamefit of organizing work in virtual
teams is that electronic communication media makasy to share information within the
team. Sharing information via shared digital wodasp or storing documents on a network
drive or the internet requires little effort of teanembers, and rapidly expands the pool of
information that is available to the team. Therefdraving more task-relevant information
available means that more information can be psmkand therefore can be utilized in the
creation of responses. Higher levels of informatiistribution were expected to positively
affect team coordination. Distribution of informati was manipulated by giving team
members unique information versus shared informatidhe expectations of media
synchronicity and distribution of information westudied in Experiment 3, where three-
person teams performed a complex planning task.

Results and conclusions

Level of authorityThe results of Experiment 1 showed that levelutharity in a
joint air defence command structure did affect tezouordination and team performance.
Regarding explicit coordination, level of authoréffected communication between the air
defence command teams and other teams. The amaget®mmand teams communicated
less with the higher level and more with other sitlitat had capabilities that were relevant
to the task. Level of authority did not affect commitation within the team. With regard to
implicit modes of coordination, results indicatehtt decentralization did affect self-
synchronization. Results further demonstrated tleael of authority improved team
performance by better handling critical incidentsl aeaching higher levels of overall team
performance.

The outcomes of the group discussions indicated the effects of level of
authority hinge on the way that team leaders attafte increased level of authority. Team
leaders need to reconsider the roles and resptitisthof all members of the team in order
to make effective use of the extra authority. Featihg and stimulating team leaders in this
process will be an important issue for leveraging opportunities of networked military
operations. The findings implies team leadershipiitual teams faces team leaders with
extra demands, and team leaders have to be trimadet these demands.
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Joint experienceExperiment 1 also considered the effects of expedewith
working with teams from other services, or: joirperience, on team coordination. Results
on joint experience indicated that this factor etiéel communication between teams and
the higher level. In contrast to our expectatideam members communicated more with
the higher levels, whereas no differences wereddoncommunication between members
of the team. Results also showed that joint expede positively affected self-
synchronization. Further, joint experience poslihaffected team performance in terms of
handling of critical events and overall team parfance. Importantly, the differences on
communication between teams, self-synchronizatiand overall team performance
disappeared in the condition in which teams wereemihigher levels of authority,
indicating that joint experience helped teams tdquen better on the first session, but
higher levels of joint experience did not help tsato make effective use of the extra
authority that was given to them on the secondi@@s$n other words, no support was
found that joint experience helped air defence camghteams to make effective use of the
extra authority that were given to them.

Leadership styleExperiment 2 was focused on the effects of leaderstyle on
coordination in virtual teams. Participative leatdp styles fostered team information
processing and self-synchronization, but it did hetp teams to perform better. The
findings that leadership style did not affect teaenformance converged with the decrease
in the similarity between team situation modelstthas observed throughout task
performance. This reduction indicated that memhsrsirtual teams had increasingly
different understandings of the situation duringkt@erformance. Further, the absence of
differences between teams with participative amddtive leaders regarding team situation
model similarity suggests that virtual team lead®esy have had limited possibilities to
enhance the similarity of team situation modelsveen members of the team.

The results of Experiment 2 indicated that teamdéss affect some team
coordination processes, but not others. The firglinf the Experiment 2 indicate that
participation of team members will help teams togesss task-relevant information and
synchronize their actions, but that technologicadmtion makes it difficult for team
leaders to develop and maintain similar team sdonaimodels, which may lead to
difficulties to operate effectively in complex adginamic environments. Future research is
needed to address what leadership styles are apeofor virtual teams, and in which
way team leaders can influence team processemttadle situational information.

Media synchronicity. Results of Experiment 3 demonstrated that media
synchronicity did not positively affect team coavaliion and performance. No effects were
found for team coordination processes and perfoceafAdditional analyses revealed that
some aspects of team coordination were affectedieer, contrary to expectations, media
synchronicitynegativelyaffected perceptions of team member credibiliggnt situation
model similarity at the end of the task, and i@ taking. These effects were attributed to
an unexpected effect of media synchronicity. Teaemivers could observe the actions of
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other team members in the shared workspace, asdrtly have negatively affected team
member credibility for instance if team membersicest that other team members

performed their task slowly or badly. This may atswe negatively affected the perception
of initiative taking in the team. Another possilebeplanation for the lack of results may be
that teams were not used to interact via multipéalian, and that this affected coordination
processes. Other researchers have argued thabth&tion to learn how to use media may

be lower for teams that are only formed for rede@marposes, than for teams that continue
to work together after the research.

The results on explicit coordination yielded ateiasting finding. In contrast with
expectations, teams that used a media configurghiainwas high in synchronicity did not
differ from teams that used a media configuratibat twas low in synchronicity for the
amount of explicit coordination. Instead, highevels of media synchronicity led to an
increasein the effort teams devoted to communication. Hswconcluded that team
members may find it difficult to switch between reedor sharing information (shared
digital workspace) and discussing shared infornmatemail).

The results of the study contribute to theoriesvistual teams by demonstrating
that using multiple media for sharing and discugsshared information may not lead to
better coordination processes or performance. Tésept research suggests that because of
the potential redundant use of electronic commuitioamedia, media configurations
should not contain media that have overlap in thapabilities to share information and
discussing shared information.

Distribution of information. The results of Experiment 3 demonstrated that
distribution of information did not affect coordii@n processes. Teams that had shared
information did not differ from teams that had wmqginformation on coordination or
performance measures. Thus, giving all team membersss to all information did not
help teams to coordinate their efforts better aidndt lead to better performance. These
unexpected outcomes were attributed to a factdrishalated to the task. Higher levels of
distribution of information may not have affectezhin coordination processes because
team members had to perform several activitiegHeir individual tasks, which led to a
reduced focus on anticipating on the actions otioteam members and adjusting own
behaviour accordingly. Although this design of thsk was intended to reflect the use of
information and communication technology in virtualams, the results did not yield
evidence that distribution of information helpedartes to perform a complex,
interdependent task.
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Samenvatting (summary in Dutch)

Achtergrond van het onder zoek

Stel je eens een infanterie peloton voor dat @ep doorzoekt op de aanwezigheid
van wapens of materialen die gebruikt kunnen worder het maken van geimproviseerde
bommen. Wanneer het peloton het dorp binnen gahtiet meteen duidelijk zijn of er
gewelddadige intenties zijn bij leden van de bewgkDe groepen die deel uitmaken van
het peloton zullen spreken met leden van de plégaeseolitie, terwijl andere groepen
huizen en andere gebouwen doorzoeken of de veitighede gaten houden. De groepen
kunnen hun activiteiten codrdineren door gebruik n@ken van radio en digitale
apparatuur. Deze technologie stelt groepen in sigatmet elkaar te communiceren en
informatie met elkaar te delen. Dit maakt het mijigelat het peloton effectief gebruik
maakt van informatie van de politie of in kan spelep gebeurtenissen tijdens de
doorzoeking. Op deze wijze kunnen groepen overledge® ze iets zullen aanpakken of,
indien nodig, vragen om assistentie.

In militaire operaties is het belangrijk dat ledean militaire eenheden hun
activiteiten op elkaar afstemmen, ofwel codrdine@aede cotrdinatie is belangrijk omdat
militaire eenheden werken in omgevingen die comfdexzaken en gevolgen zijn moeilijk
van elkaar te onderscheiden) en dynamisch (aamderimgen onderhevig) zijn. Deze
eigenschappen zorgen ervoor dat complexe en dyoheiemgevingen een zekere mate
van onvoorspelbaarheid hebben. Om deze redens#idsie ter plaatse bepalend voor de
wijze waarop eenheden hun doelen bereiken. Ditkbatedat de doelen van een operatie
vooraf vastgelegd zijn, maar ddg¢ wijze waarople doelen bereikt moeten worden niet op
voorhand bepaald kan worden. Een andere eigensarapnmilitaire operaties is dat zij
‘strak’ georganiseerd zijn. Dit wil zeggen dat witditen van een eenheid direct van
invloed zijn op de activiteiten van andere eenhederhet eerder genoemde voorbeeld
betekent dit dat de activiteiten van de groep dierlegt met de plaatselijke politie van
invloed zijn op de activiteiten van de groep di¢ tierp doorzoeken (op de plaatsen die
aangegeven worden door de eerste groep), en visa \(bijvoorbeeld informatie over
gevonden wapens wordt doorgegeven aan de groép oherleg is met de politie).

Ontwikkelingen in informatie- en communicatieteotogie maken het voor leden
van militaire eenheden steeds beter mogelijk om dwtiviteiten aan elkaar te koppelen,
door de capaciteiten, competenties en hulpbronaeneenheden samen te brengen in een
netwerk. Netwerken bieden de flexibiliteit en hahpassingsvermogen die nodig zijn voor
de aansturing van militaire operaties in complexeynamische omstandigheden. Militaire
operaties waarin gebruik wordt gemaakt van inforera@n communicatietechnologie voor
de codrdinatie van activiteiten wordegenetwerkte militaire operatiegenoemd. In
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theorieén over genetwerkte militaire operaties wontkel belang gehecht aan
zelfsynchronisatie als wijze waarop leden van edehehun activiteiten met elkaar
codrdineren. Zelfsynchronisatie verwijst naar cadatle van activiteiten door leden van
eenheden via informatietechnologie zonder contvale hogere organisatieniveaus. Door
de coodrdinatie van activiteiten uit te laten voedmor eenheden zelf, kunnen zij inspelen
op veranderingen in de omgeving. Op dit punt wijgenetwerkte militaire operaties af van
‘traditionele’ militaire operaties, waarbij de cadmatie van de acties voor een belangrijk
deel gebeurt vanuit een centrale commandopost.

De verschuiving van de verantwoordelijkheid vo@dmlinatie naar eenheden,
zorgt ervoor dat eenheden zelf moeten zorgen vdormatieverwerking, het ontwikkelen
van een gevoel voor de omstandigheden waarin Bjespn, anticiperen op de activiteiten
van andere leden van de eenheid, andere eenhedenadanken over mogelijke
ontwikkelingen in de situatie in de nabije toekonBstvendien moeten eenheden hun eigen
activiteiten aanpassen op deze mogelijke ontwikigelh. Het is belangrijk om meer inzicht
te krijgen in de codrdinatieprocessen van eenhetiendeelnemen aan genetwerkte
militaire operaties omdat deze kennis kan wordebrykt om de effectiviteit van
genetwerkte militaire operaties te vergroten.

In termen van sociaalwetenschappelijk onderzoek miilitaire eenheden teams,
omdat leden van een eenheid een gemeenschappasdijkhebben, van elkaar afhankelijk
zijn om het doel te bereiken en samenwerken orda#t te bereiken. Wanneer teamleden
voornamelijk via informatie- en communicatiemedisetnmelkaar samenwerken wordt
gesproken varvirtuele teams Voorbeelden van informatie- en communicatiemeti@
gebruikt worden in virtuele teams zijn email, chdgtalinks en digitale werkplekken.
Teamleden van virtuele teams kunnen hierdoor saman terwijl zij gescheiden zijn van
elkaar in termen van afstand en tijd, of werken rveerschillende organisaties. Het
onderzoek is gericht op virtuele teams. Daaromd#muitkomsten van het onderzoek alleen
van toepassing op teams waar teamleden uitsluitemdmuniceren via informatie- en
communicatietechnologie.

Dit onderzoek gaat specifiek in op coérdinatiepssen in virtuele teams. Het
onderzoek moet uitwijzen hoe teamleden van virtuelms hun activiteiten op elkaar
afstemmen en welke factoren van invioed zijn ogdaféve cooérdinatie in virtuele teams.
De onderzoeksvragen zijn:

Onderzoeksvraag 1Hoe stemmen leden van virtuele teams hun actieseafde
acties van andere teamleden tijdens het uitvoesareen taak?

Onderzoeksvraag 2Welke factoren helpen om de bijdragen van teamlede
effectief te integreren in virtuele teams?
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Het onder zoek

Hieronder worden de codrdinatieprocessen en deorfatt beschreven die
bestudeerd zijn in het onderzoek, alsmede de wigarop het onderzoek is uitgevoerd.

Codrdinatieprocessen Coordinatieprocessen zijexpliciet wanneer teamleden
bewust bezig zijn met codrdinatie, zoals bij eerrkeeerleg. Expliciete cotérdinatie is
vooral effectief in situaties waarin veel routirg, zoals bij de planning van diensten in
een fabriek. Communicatie is een andere vorm valiaate codérdinatie, bijvoorbeeld
wanneer teamleden elkaar feedback geven. Coorelimatiessen zijmmpliciet wanneer
teamleden anticiperen op het (veronderstelde) gedaa andere teamleden en hun gedrag
hierop aanpassen. Impliciete cotrdinatie is vodralangrijk in omstandigheden waar
onverwachte veranderingen kunnen optreden, bijyamldobij militaire teams die een dorp
doorzoeken. Hier moeten teams snel kunnen inspgdareranderingen en is er weinig tijd
voor overleg. Enkele veelvoorkomende impliciete rda@atieprocessen zijn het uitvoeren
van (sub)taken van andere teamleden wanneer atedendeden druk zijn en het geven van
relevante informatie aan andere teamleden zondedataom gevraagd werd. Veel teams
gebruiken een mix van expliciete en impliciete ddatieprocessen.

In dit onderzoek werden beide soorten codrdinatiegssen bestudeerd. Expliciete
coodrdinatie werd bestudeerd aan de hand van deebb®id communicatie tussen
teamleden. Impliciete codrdinatie werd bestudeamn de hand van informatieverwerking,
transactief geheugen systeem (TGS), gelijkheid yencepties van de situatie en
zelfsynchronisatie. Informatieverwerking beschrijé mate waarin teams effectief gebruik
maken van de aanwezige informatie voor het uitvo@an de taak. TGS refereert aan de
kennis van teamleden over de verdeling van kenmisaardigheden binnen teams. Het
onderliggende principe van TGS is dat niet allevieden alles hoeven te weten, zolang
maar duidelijk is welk teamlid wat weet. TGS stelams in staat om effectief gebruik te
maken van informatie, omdat teamleden kennis hebban elkaars expertise en
vaardigheden. Perceptie van de situatie referemnt e mate waarin teamleden een
gemeenschappelijk beeld hebben van wat er aan de a Wanneer teamleden
verschillende percepties hebben van de situatjeofdribeeld omdat ze op andere locaties
zijn), kunnen teamleden verschillende ideeén helmven de situatie en de wijze waarop
het team haar doelen kan bereiken. Gelijkheid \eangpties van de situatie is belangrijk in
complexe en dynamische situaties om snel tot omstemming te komen over wat er moet
gebeuren. In deze omgevingen is er vaak weinigdijdte overleggen en is een snelle
reactie van een team vereist. Zelfsynchronisafereert aan codrdinatie van beslissingen
en activiteiten van teamleden zonder dat teamlagmmlijk met elkaar communiceren.
Zelfsynchronisatie slaat op de mate waarin teamleddkaar aanvoelen. Goede
zelfsynchronisatie is bijvoorbeeld te zien in tean@arin teamleden passende initiatieven
nemen en snel in staat zijn om te reageren op waodte gebeurtenissen.
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Factoren.Hieronder worden de factoren beschreven die versteld werden van
invloed te zijn op codrdinatieprocessen in virtuel@ms. Factoren kunnen te maken hebben
met de taak die het team uitvoert, met het teardeesnontext waarin het team haar taken
uitvoert. Op basis van de achtergrond van het @ogdr is gekozen om factoren te
bestuderen die uit alle categorieén afkomstig Zijnplaats van factoren die uit dezelfde
categorie komen. Deze aanpak maakt het mogelijk faotoren te bestuderen die
samenhangen met de taak die het team uitvoerte&et en met technologie.

In dit onderzoek zijn vijf factoren onderzocht. Berste factor was niveau van
autoriteit. Deze factor is gerelateerd aan de tadlerboven werd beschreven dat
genetwerkte teams zelf zorg dragen voor goede owhired met andere teamleden.
Verwacht werd dat hogere niveaus van autoriteifugle teams zou helpen om beter te
codrdineren, omdat teams met hogere niveaus vamiteitt minder hoeven af te stemmen
met hogere organisatieniveaus, bijvoorbeeld hekrijgen van toestemming. Verwacht
werd dat hogere niveaus van autoriteit teams iat stellen om zich meer te richten op de
taak die zij uitvoeren. Deze verwachting werd getioeloor teams met verschillende
niveaus van autoriteit gelijkwaardige taken uitatien voeren.

De tweede factor was ervaring met samenwerken le@eén van andere
genetwerkte teams. Deze factor is gerelateerd aatebm. Verwacht werd dat teams die
veel ervaring hadden met samenwerken met andesvgerkte teams beter in staat waren
om hun acties effectief te codrdineren met andesienteden en andere genetwerkte teams.
In het onderzoek is deze factor vormgegeven do&ijken naar de ervaring van teams in
‘joint’ operaties, ofwel het samenwerken met teavasi andere krijgsmachtdelen. De
verwachting werd getoetst door teams met verschile niveaus van ervaring uit te
nodigen voor het onderzoek.

De derde factor was leiderschapsstijl. Deze faidogerelateerd aan het team.
Participatieve en directieve leiderschapstijlenwien naar leiderschapsstijlen waar
teamleden door teamleiders betrokken worden in ulieskming (participatieve
leiderschapsstijlen) danwel leiderschapsstijlenrvi@amleiders beslissingen nemen zonder
inbreng van teamleden (directieve leiderschapesjijlVerwacht werd dat virtuele teams
gebaat zijn bij participatieve leiderschapsstijlemdat teamleden vaak geselecteerd zijn
vanwege hun specifieke expertise of vaardighedendefe redenen waarom participatie
van teamleden belangrijk is in virtuele teams, zda beperkte mogelijkheden van
teamleiders om controle uit te oefenen op teamledenlat teamleden verspreid zijn over
verschillende locaties en mogelijk van verschillermiganisaties komen. Om deze redenen
werd verondersteld dat teams met teamleiders die pagticipatieve leiderschapsstijl
hadden, beter in staat waren om hun activiteiterotedineren dan teams met teamleiders
die een directieve leiderschapsstijl hadden. Derewachting werd getoetst door
teamleiders voorafgaand aan het onderzoek eernrdeltpsinstructie te geven voor een
participatieve danwel een directieve leiderschapsti
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De vierde factor was media synchroniciteit, ofdel mate waarin teamleden met
elkaar kunnen communiceren zonder vertraging. Decr is gerelateerd aan de context
waarin teams hun taken uitvoeren. Chatten en henhden informatie in een gedeelde
digitale werkplek zijn voorbeelden van media meh émge mate van synchroniciteit.
Emails en berichten op een internetforum zijn veetlen van media die een lage mate van
synchroniciteit hebben. Verwacht werd dat mediaaba hoge mate van synchroniciteit
hebben, teams beter in staat zou stellen om edfeieticoordineren, omdat het delen van
informatie en communicatie sneller gaat dan via imerhet een lage mate van
synchroniciteit.

De vijfde factor was de verdeling van informati¢et doorsturen van emails of
databestanden maakt het mogelijk dat teamleden vidnele teams beschikken over
dezelfde informatie. Dit wordt gezien als een greobrdeel, omdat verondersteld wordt
dat het bestuderen van dezelfde informatie ervoogtzlat teamleden op dezelfde manier
naar de situatie kijken. Teamleden lezen, zoals leekende uitdrukking zegt, ‘van
hetzelfde blad papier. Bovendien hebben teamledl® informatie beschikbaar die
relevant is voor hun individuele taakuitvoering.ZBeverwachting werd getoetst door de
verdeling van informatie te variéren.

Dataverzameling.Voor het beantwoorden van de onderzoeksvragen diii@
experimenten uitgevoerd. In Experiment 1 zijn déeaén onderzocht van niveau van
autoriteit en ervaring van teamleden met het samedtem met andere teams op
teamcodrdinatie en team prestatie. Het onderzoekega verkennend experiment waarin
vier bestaande ‘air defence command teams’ van a@nKlijke Luchtmacht en van de
Zweedse Luchtmacht deelnamen. Deze teams voerdétvéundedigingstaken uit in een
daartoe uitgerust laboratorium van TNO in Den H&&NO ACE; Advanced Concept
Development & Experimentation Environment).

Experiment 2 was een laboratoriumonderzoek wadeaiins een planningstaak
uitvoerden in een laboratorium van TNO in Soesterb®eelnemers aan dit onderzoek
hadden zich opgegeven via TNO. In dit experimeijn zie effecten onderzocht van
leiderschapsstijl op codrdinatieprocessen en teastgiie. Teamleiders werden willekeurig
aangewezen en kregen voorafgaand aan het ondeeeoekorte instructie voor de wijze
waarop zij het team moesten leiden.

Experiment 3 was een laboratoriumonderzoek waadams een planningtaak
uitvoerden in een daartoe ingerichte ruimte varKf#A in Breda. Deelnemers aan dit
onderzoek waren cadetten van de KMA. In dit expentrstonden twee eigenschappen van
informatie- en communicatietechnologie centraaldiagynchroniciteit en verdeling van
informatie. De verwachtingen op het gebied van amdichroniciteit zijn getoetst door een
deel van de teams via email met elkaar te lateresaurken, terwijl een ander deel van de
teams kon samenwerken via email en via een gededid#ale werkplek. De
verwachtingen op het gebied van de verdeling véorimtie zijn getoetst door bij een deel
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van de teams deelnemers alleen informatie te gevenhun individuele taak, terwijl bij
een ander deel van de teams deelnemers informatierk over alle taken.

Resultaten en conclusies

ResultatenDe resultaten van Experiment 1 laten zien dat niwem autoriteit en
ervaring met samenwerken met leden van andere werig¢ teams positieve effecten
hadden op coérdinatieprocessen en teamprestaties.

Niveau van autoriteit beinvloedde zowel explicietals impliciet
codrdinatieprocessen. Teams communiceerden min@érhogere organisatieniveaus en
meer met andere teams in het netwerk. Daarnaashdaamleden aan dat zij beter in staat
waren om activiteiten te coodrdineren met anderemkeden. Met betrekking tot
teamprestatie gaven observatoren aan dat team$iogete niveaus van autoriteit beter
inspeelden op onverwachte ontwikkelingen in de &raketer presteerden. Hiermee zijn de
verwachte positieve effecten van niveau van agiibitgekomen.

De resultaten met betrekking tot ervaring met sameeken met leden van andere
genetwerkte teams waren minder overtuigend. Ergasias niet van invioed op expliciete
codrdinatie. Positieve effecten van ervaring op liogte codérdinatieprocessen werden
gevonden voor zelfsynchronisatie, maar alleen wanrieams een lager niveau van
autoriteit hadden. De effecten verdwenen wannemnseeen hoger niveau van autoriteit
hadden. Ervaring was ook van invioed op teampiiestaDbservatoren gaven aan dat teams
met meer ervaring beter presteerden. Ook hier veedwhet effect wanneer teams een
hoger niveau van autoriteit hadden. Deze resultagemen aan dat ervaring met
samenwerken met leden van andere genetwerkte t@alissvaar een voordeel is wanneer
teams moeten samenwerken met andere genetwerkts,tezaar dat ervaring teams niet
helpt om te leren hoe zij effectief gebruik kunmeaken van hogere niveaus van autoriteit.

De uitkomsten van de groepsdiscussies die na aflanpgle sessies met teamleden
en observatoren werden gehouden, gaven aan daiddrsichapsstijl van de teamleider
belangrijk was om effectief gebruik te maken vagdre niveaus van autoriteit. Wanneer
teamleiders niet een aantal van hun taken en weoantielijkheden delegeerden naar
andere teamleden, konden teams niet effectief debnaken van de hogere niveaus van
autoriteit, bijvoorbeeld omdat teamleden moestechien op toestemming om een actie uit
te voeren. Zowel ervaren als minder ervaren teaetsnl zien dat zij effectief gebruik
konden maken van hogere niveaus van autoriteit. eDaitkomst wijst erop dat
leiderschapsstijl van de teamleider een belargynifd speelt in codrdinatieprocessen in
virtuele teams.

De resultaten van Experiment 2 lieten zien datigipdtieve leiderschapsstijlen
overwegend positieve effecten hadden op coérdipateessen in virtuele teams, maar deze
effecten leidden niet tot betere teamprestatiesnlleden gaven aan dat participatieve
leiderschapsstijlen hen in staat stelden om inftiemte verwerken en activiteiten met
elkaar te synchroniseren. Leiderschapsstijlen waokter niet van invioed op de gelijkheid
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van de perceptie van de situatie. Een mogelijk&la&eng voor de verschillende effecten
van leiderschapsstijl op codrdinatieprocessen iddacreéren van een gemeenschappelijk
beeld van de situatie op basis van situationeledi@n steeds veranderende) informatie
moeilijker is, dan het verwerken van informatie gmchroniseren van activiteiten met
andere teamleden. Informatieverwerking en zelfsyomiBatie zijn processen waarbij
teamleden gebruik maken van stabiele informatialszimformatie over de taakverdeling en
informatie over de verdeling van expertise en hidphen. Om deze reden zouden
codrdinatieprocessen waarin informatie over deasigubelangrijk is moeilijker zijn voor
virtuele teams dan coérdinatieprocessen waarirat@itoele informatie niet belangrijk is.
Deze mogelijke relatie tussen gelijkheid van petiespvan de situatie en de mate waarin
teams afhankelijk zijn van technologie, zal in meanderzoek getoetst moeten worden.

De resultaten van Experiment 3 waren niet in ovestsnming met de
verwachtingen. De verwachte effecten van media heymiciteit en verdeling van
informatie op coordinatieprocessen werden niet gdea. Additionele analyses wezen uit
dat media synchroniciteit negatieve effecten had op enkele aspecten van
coodrdinatieprocessen: percepties van de geloofigieeidl van andere teamleden,
gelijkheid van percepties van de situatie op hedeivan de taak en het nemen van
initiatieven. Er werden geen effecten gevonden weandeling van informatie op
teamprestatie.

Een mogelijke verklaring voor deze resultaten hdeftmaken met huidige
theorieén over virtuele teams. Theorieén over gietteams zijn gericht op de media die
teamleden gebruiken om met elkaar te communicenemfermatie met elkaar te delen.
Deze theorieén gaan uit van de eigenschappen viathitende media. Echter, in dit
onderzoek had een deel van de teams de beschikkiag meerdere media tegelijk,
namelijk email en een gedeelde digitale werkple&.rBsultaten geven aan dat teamleden
niet altijd in staat waren om te wisselen tussezedeedia (informatie delen in de digitale
werplek, overleggen via email berichten). Teamledehruikten vaak beide media naast
elkaar, bijvoorbeeld door informatie in de digitaterkplek te zetten en daarna een email te
maken waarin dezelfde informatie stond. In theorier virtuele teams is vooralsnog geen
aandacht voor het gebruik van meerdere media 8jtien uitvoeren van een taak. Door de
opkomst van informatie- en communicatietechnoldgieden werkplekken verschillende
mogelijkheden om met anderen samen te werken. Nigoderzoek in deze richting is
nodig om meer te weten te komen over het wisselssen verschillende media die overlap
hebben in hun capaciteiten om informatie te defeteecommuniceren.

ConclusiesTezamen laten de resultaten van het onderzoekdzievirtuele teams
een mix gebruiken van expliciete en impliciete cbdatieprocessen. Teamleden die
uitsluitend met elkaar samenwerken via informatie-communicatietechnologie integreren
hun activiteiten niet alleen aan de hand van getgpbail berichten, maar zij leren tijdens
het uitvoeren van een taak ook om elkaar aan teewan hun activiteiten te codrdineren,
zonder dat daar overleg bij nodig is. De resultatgiizen erop dat impliciete
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codrdinatieprocessen waarin stabiele informatiearggijk is (bijvoorbeeld weten voor

welk teamlid een stukje informatie belangrijk iheter tot stand komen tijdens
taakuitvoering dan impliciete codrdinatieprocessamarin situationele informatie

belangrijk is (bijvoorbeeld inschatten wat de iropties zijn voor het team van een
onverwachte ontwikkeling in de taak). Virtuele teamoeren hun taken vaak uit in
omgevingen waarin situationele informatie belamkgisj Daarom is aanvullend onderzoek
op dit onderwerp gewenst.

De resultaten van het onderzoek laten zien datdomditieprocessen in virtuele
teams beinvloed kunnen worden door factoren dimaken hebben met de taak (niveau
van autoriteit) en het team (leiderschapsstijl)zareen wijzen deze resultaten erop dat
teamleiders van virtuele teams goed voorbereid emoetorden op hun taken, omdat
participatie van teamleden een voorwaarde is okutmen profiteren van hogere niveaus
van autoriteit. Participatieve leiderschapsstigegnhet delegeren van taken naar teamleden
zijn belangrijk hiervoor. Er is in het onderzoekegebewijs gevonden voor de rol van
contextuele factoren (technologie). Hiervoor isn éeeoretische verklaring geformuleerd.
Met name het samenspel van verschillende media wnietdverwacht. Teamleden blijken
moeilijk te kunnen wisselen tussen media voor Jeéllende subtaken wanneer media
overlappende capaciteiten hebben voor communicandret delen van informatie. Nieuwe
theorievorming en verder onderzoek op dit onderwegjn gewenst om
codrdinatieprocessen in virtuele teams goed te éioorgronden.

Het onderzoek heeft implicaties voor theorie ovenajwerkte militaire operaties.
Teamleiders van genetwerkte teams spelen een lobofdrnneer het gaat om het
verschuiven van verantwoordelijkheden naar tearfisEehter, participatie van teamleden
in besluitvorming en het delegeren van verantwdgkiéieden naar teamleden is niet in alle
situaties vanzelfsprekend, zoals bijvoorbeeld tigdégewelds-)incidenten. Om deze reden
is het voorbereiden van teamleiders op de eiserheampereren in genetwerkte militaire
operaties van het grootste belang, en is het ténugan militaire teams met informatie- en
communicatietechnologie vooral een uitgangspositiet aansturen en uitvoeren van
genetwerkte militaire operaties blijven boven abesiviteiten van mensen, gesteund door
technologie.
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Dankwoor d (acknowledgements)

Sommige boeken zijn het waard om steeds opniedezén. Voor mij is “Zen en
de kunst van het motoronderhoud, een onderzoekwaarden®* een boek dat me iedere
keer weer aan het denken zet en inspireert. lbakk wordt verslag gedaan van een reis
per motor van Minneapolis haar San Francisco (eferdaad, het onderhoud aan die motor
tijdens de reis), maar vooral beschrijft het boek poging van de hoofdpersoon om twee
verschillende manieren om de wereld te beschouwen eikaar te verenigen. De
hoofdpersoon probeert uit alle macht om de romelmtisbenadering van de werkelijkheid
te verenigen met de intellectuele benadering. Beheiding is volgens de hoofdpersoon
strijdig met het grondbeginsel van de wetenschamtwDe wetenschappelijke methode
heeft tot doel een enkele waarheid te schiften eg@h veelheid van hypothetische
waarheden. Meer dan wat ook, is dat het voornaarsstven van de wetensclia®p
zoek naar een wetenschappelijke methode die leidt'enkele waarheden’, doet de
hoofdpersoon wanhopige pogingen om de scheidingetude romantische benadering en
de intellectuele benadering op te heffen. De omighmarheid van de benaderingen van de
werkelijkheid drijft de hoofdpersoon uiteindelijittwaanzin, met grote gevolgen voor zijn
wetenschappelijke loopbaan en zijn persoonlijketev

Ruim vijf jaar heb ik besteed aan het esmdek dat in dit proefschrift werd
gepresenteerd, op zoek naar ‘enkele waarheden’ apdadinatie in virtuele teams. Deze
periode werd enerzijds gekenmerkt door theorieém mbeilijk te verenigen waren,
tegenstrijdige onderzoeksuitkomsten en methodatbgi®bstakels, maar anderzijds was er
voldoening na afloop van de experimenten en betailkkbaar voor de vriendschappen die
zZijn ontstaan met enkele collega’s. Graag wil ikndensen bedanken die ervoor gezorgd
hebben dat het mij anders is vergaan dan de hosipe in “Zen de en kunst ...".

Allereerst bedank ik mijn promotor espoomotors, Ad Vogelaar, Peter Essens en
Tony Gaillard. Ad, bedankt voor je steun en betesitheid gedurende het hele
promotietraject. Je hebt me altijd voorzien vanesph observaties en goede adviezen, die
me in staat stelden om het onderzoek beter uitoeren. Je accuratesse en heldere
aanbevelingen waren van grote waarde bij het rapmor van het onderzoek. Voor deze
bijdragen ben ik je zeer dankbaar. Peter, bedamit }e enthousiasme en vaardigheid om
dingen geregeld te krijgen. Je enthousiasme vagepaste wetenschap werkte iedere keer
weer aanstekelijk. Je vermogen om mensen te metiveen te mobiliseren was
doorslaggevend bij de uitvoering van het onderzd&ltder heb je ervoor gezorgd dat ik
mij voluit kon richten op mijn gezin toen dat nodigs. Daar ben ik je zeer dankbaar voor.
Tony, bedankt voor je verhelderende kijk op mijegéin en teksten. Je weet altijd direct tot

! Nederlandse vertaling van: Zen and the Art of Motole Maintenance: An inquiry into values, Rob¥drtPirsig
(1974).
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de kern door te dringen. In plaats van de aanpake'tstappen vooruit, één terug”, heb ik
geleerd hoe belangrijk het is om deze stappen iordgekeerde volgorde te nemen. Ik
bewaar goede herinneringen aan ons verblijf in Néwk, waar we samen met andere
onderzoekers van TNO wetenschap afwisselden meekern aan de BB King Blues Club
en een ronddraaiende cocktailbar.

Verder bedank ik de manager van het OldendorfeReh Institute (ORI) van de
Universiteit van Tilburg, Ton Heinen. Ton, bedamkbr de ondersteuning in de afgelopen
jaren die samen met andere medewerkers van heh€Rligegeven. Ik vind het leuk dat je
-letterlijk- van de eerste tot en met de laatstg danwezig bent geweest bij mijn tijd in
Tilburg. Eerst als docent Statistiek, en latemaémager van het ORI.

Voorts bedank ik mijn collega’s en mede-AiO’s imeBa en Soesterberg. In het
bijzonder bedank ik Manon Andres en Wim Kamphuisanghn, bedankt voor je
betrokkenheid en de gezellige tijd die we hebbenoope kamer. Je gaf het goede
voorbeeld door precies in vier jaar je proefschaiftte ronden, maar ik had iets langer
nodig. Ik bewonder je vermogen om in ogenschijeliflast, recht op je doel af te gaan. Je
bent de afgelopen jaren mijn voornaamste klankbgesveest wat betreft statistiek,
onderzoeksmethodologie en alle andere zaken didi€ebezig houden. Ik bedank je voor
alle inspanningen in deze richting. Verder bedankei voor de vriendschap die in de
afgelopen jaren is ontstaan. Wim, jij bent een wpaganimf in de zin dat jij op de
verdediging zonder twijfel een aantal vragen zoornan beantwoorden. Niet alleen omdat
jij de ontwerper bent van de experimentele taakildieeb gebruikt, maar ook vanwege je
uitstekende methodologische kennis. De twee pemioglaarin we onze experimenten
uitvoerden waren het meest bijzonder, onder andeog de biljartsessies die we hadden
wanneer er weer eens een team niet kwam opdages, BRedankt voor je gezelligheid en
je Amsterdamse no-nonsense houding. Zo blijf jst&@mt om dingen op de juiste waarde te
schatten. Eric-Hans, bedankt voor je fundamentgkedp de wetenschap. In termen van
‘Zen en de kunst ..." ben je de enige onderzoekeikdien, bij wie Phaedrus ten rade zou
kunnen gaan. Met betrekking tot motoren blijf ikam overtuigd dat een R1200GS de ware
voor je is en je niet tot een ‘McBoorman’ maakt. rier bedank ik mijn Bredase
buurmannen Tom en Erik. Bij niemand anders gaatudses zo snel heen en weer tussen
teamleren, modulair organisereen de meerwaarde van een Lefty op mountainbikes.
Femke, bedankt voor de gezellige tijd in Bredehdkp van harte dat we samen met Manon
en Eric-Hans regelmatig etentjes blijven organisere

Dit proefschrift was er zeker niet gekomen zonder steun van familie en
vrienden. Ik bedank mijn ouders voor hun toewijdargsteun. Inmiddels hoeven jullie niet
meer iedere zondagmorgen om zeven uur op een fijgbagiaan, maar ook in de afgelopen
jaren was het fijn om te weten dat jullie er voar nijn wanneer dat nodig is. Papa, ik vond
het leuk om enkele jaren als gastonderzoeker detd maken van de organisatie waar jij
zo lang voor hebt gewerkt. Geniet van je pensi@mrine, Roger, Daan, en Bente, ik hoop
van harte dat we elkaar meer zullen zien nu jblij®ns in de buurt wonen en de promotie

178



Dankwoord

is afgerond. Mijn schoonouders dank ik voor de waiontvangst die zij iedere keer weer
hebben. Jan en Nell, jullie laten zien hoe je ere dag kunt genieten. Ook dank ik jullie
voor de leuke weekenden in Luxemburg en de prdigiswlp die jullie in de afgelopen
jaren hebben gegeven. Jullie hebben alle hoogtdiegrtepunten van dichtbij meegemaakt
en zijn een enorme steun geweest. Tegen mijn zwageschoonzussen Nardus, Marleen,
Dirk en Nienke zou ik in mijn beste Bergs willenggen“Dagge bedankt zijt da witte”
Nienke, stop nooit met dichten!

Als laatste, maar het meest vanuit mijn hart, bkda Adrienne. Adrienne, je hebt
me ertoe aangezet om te gaan promoveren, en jebedér twijfel de reden dat ik het heb
volbracht. We hebben in de periode rondom de géba@n onze dochter Bloem ervaren
dat zowel voorspoed als tegenspoed onze band rlemstdk vind het geweldig om samen
met jou te zien hoe de levens van Bloem en Jananitbouwen. Bedankt voor je liefde en
je onbezorgde vrolijkheid, iedere dag weer. Hdigerlijk om met jou te leven.

Bart van Bezooijen
Maart 2011, Bergen op Zoom
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