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Abstract

Virtual teams (i.e., geographically distributed collaborations that rely on technology to communicate and cooperate)
are central to maintaining our increasingly globalized social and economic infrastructure. “Global Virtual Teams” that
include members from around the world are the most extreme example and are growing in prevalence (Scott and Wild-
man in Culture, communication, and conflict: a review of the global virtual team literature, Springer, New York, 2015).
There has been a multitude of studies examining the difficulties faced by collaborations and use of technology in various
narrow contexts. However, there has been little work in examining the challenges faced by virtual teams and their use
of technology to mitigate issues. To address this issue, a literature review was performed to highlight the collaboration
challenges experienced by virtual teams and existing mitigation strategies. In this review, a well-planned search strategy
was utilized to identify a total of 255 relevant studies, primarily focusing on technology use. The physical factors relating
to distance are tightly coupled with the cognitive, social, and emotional challenges faced by virtual teams. However,
based on research topics in the selected studies, we separate challenges as belonging to five categories: geographical
distance, temporal distance, perceived distance, the configuration of dispersed teams, and diversity of workers. In addi-
tion, findings from this literature review expose opportunities for research, such as resolving discrepancies regarding
the effect of tightly coupled work on collaboration and the effect of temporal dispersion on coordination costs. Finally,
we use these results to discuss opportunities and implications for designing groupware that better support collabora-
tive tasks in virtual teams.
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1 Introduction

Virtual teams (i.e., geographically distributed collabora-
tions that rely on technology to communicate and coop-
erate) have several potentially beneficial aspects that aid
productivity. Much like collaboration in co-located teams,
collaboration in virtual teams refers to synchronous and
asynchronous interactions and tasks to achieve common
goals. The use of virtual teams allows organizations to
enroll key specialists, regardless of their physical location
[106, 151]. This allows organizations to optimize teams by
using only the best talent available [63, 136]. In theory,
virtual teams also reduce the need for travelling between

sites, which should reduce costs in terms of time, money,
and stress [196]. It was estimated that by 2016, more than
85 % of working professionals were in some form of virtual
team [235]. This implies that, as a result, virtual teams have
become vital to maintaining our increasingly globalized
social and economic infrastructure.

Similar to co-located teams, virtual teams participate
in a variety of collaborative activities such as formal and
informal meetings using technology like video conferenc-
ing (e.g., Zoom [121] and Skype [175]) and text (e.g., Slack
[232] and Microsoft Teams [176]), file transfer, and appli-
cation sharing [191]. As a result, virtual teams are experi-
encing difficulties collaborating that are making it difficult
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for them to be as successful as co-located teams [64, 151,
191]. As a result, virtual teams spend substantial time and
money to relocate team members for specific projects to
avoid the hindrances to teamwork associated with dis-
tance [231, 257]. It is therefore important to develop tech-
nology that can better support virtual teams, reducing the
need for costly re-locations and mitigating the problems
that arise when relocation is not a viable solution.

Despite previous research examining the difficulties
faced by collaborations and use of technology in specific
contexts, such as distributed software development, there
has been little work in examining the challenges faced by
all virtual teams and their use of technology to mitigate
issues. This understanding is vital to the development and
utilization of technology to support virtual teams. Thus,
this paper has two goals: (1) to elucidate the factors and
challenges that hinder collaboration in virtual teams and
(2) provide recommendations for designing groupware to
better support collaboration in virtual teams, while also
identifying opportunities for the Human-Computer Inter-
action (HCI) community to design this technology.

To achieve our goals, a Literature Review (LR) was per-
formed with a well-planned search strategy that identi-
fied a total of 255 relevant studies, primarily focusing
on technology use. Based on the selected studies, we
categorized challenges as being related to: geographi-
cal distance, temporal distance, perceived distance, the
configuration of dispersed teams, and diversity of work-
ers. In addition, results from this LR identify opportunities
for research, such as resolving discrepancies regarding the
effect of tightly coupled work on collaboration, the effect
of temporal dispersion on coordination costs, and whether
virtual teams encounter more work-culture related prob-
lems than co-located teams. From the synthesis of these
papers, we present four design implications for design-
ing groupware that better support collaborative tasks in
virtual teams.

This literature review explores the factors and chal-
lenges associated with collaboration in virtual teams. This
paper begins with a review of related LRs in the domain of
collaboration in Sect. 2 and progresses to a description of
the method used to conduct the LR in Sect. 3. Sections 5
and 6 explore issues related to distance and other contrib-
uting factors, respectively. Next, in Sect. 7, findings from
Sects. 5 and 6 are summarized, leading to Sect. 8 which
completes the LR by presenting a set of four design impli-
cations for the development of groupware that supports
collaboration in virtual teams.
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2 Related work

Prior work includes eight systematic literature reviews
surveying various topics related to distance collaboration.
These topics fall into two categories: investigations of vir-
tual teams in the domain of distributed software develop-
ment (DSD) and explorations of the factors that influence
collaboration in broader contexts.

Research into the challenges faced in DSD have resulted
in determination of the factors associated with the rela-
tionship between distribution, coordination, and team
performance that are the most commonly studied in soft-
ware development, namely dimensions of dispersion (e.g.,
geographical, temporal, organizational, work process, and
cultural dispersion) and coordination mechanisms (e.g.,
organic or social coordination and mechanistic or virtual
coordination) [183]. Several challenges (e.g., including
geographical, temporal, cultural, and linguistic disper-
sion [146, 185]) and best practices or practical solutions
(e.g., agile methods, test-driven development [146], fre-
quent site visits and face-to-face meetings [185, 233]) have
been identified for traditional DSD teams [185] and teams
that use a ‘follow-the-sun’ approach (i.e., where teams
hand off work at the end of the day in one time-zone to
workers beginning their day in another) [146]. Additional
work identified opportunities for future research, such as
addressing challenges present in multi-organizational
software projects and supporting the development of
coordination needs and methods over the course of a
project [184]. This category of research also includes a
study that classified empirical studies in DSD [64], reveal-
ing that communication warrants further exploration to
better support awareness in this context [239].

These studies are informative and discuss several of the
challenges that appear later in this LR (e.g., geographical,
temporal, cultural, and linguistic dispersion). However, it
is not guaranteed that the findings from the DSD stud-
ies with regards to these dimensions directly translate to
collaboration in another context. In contrast, this paper
examines distance collaboration in all virtual teams.

Other studies have studied the factors affecting col-
laboration in general. Mattessich and Monsey identified
19 factors necessary for successful collaboration, includ-
ing the ability to compromise, mutual respect and trust,
and flexibility [167]. Similarly, Patel et al. [201] developed
a framework based on the categorization of seven fac-
tors related to collaboration (e.g., context, support, tasks,
interaction processes, teams, individuals, and overarching
factors) for use in collaborative engineering projects in the
automotive, aerospace, and construction sectors.

In contrast to the results of the DSD studies, these find-
ings apply to a broad range of contexts. However, since
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these literature reviews primarily focus on co-located col-
laboration, it is difficult to discern how the factors identi-
fied by these studies influence virtual teams. This paper
differs by focusing only on virtual teams.

3 Method

Relevant papers were extracted for LR using the guidelines
proposed by Kitchenham and Charters [138] for perform-
ing Systematic Literature Reviews in software engineering,
with the adjustments recommended by Kitchenham and
Brereton [137]. These guidelines divide the review process
into three steps:

1. Planning the review In this step, the research questions
and review protocol are defined. This will be discussed
in the remainder of Sect. 3.

2. Conducting the review This step focuses on executing
the review protocol created in the previous step. This
will also be discussed in Sect. 3.

3. Reporting the review This final step documents, vali-
dates, and reports the results of the review. This will
be the subject of Sects. 5 and 6.

3.1 Planning the review

This subsection will focus on developing the list of
research questions used to generate the list of keywords
for extracting papers and specify the search methodology.

3.1.1 Specifying research questions

The first stage of this literature review began by defin-
ing research questions using the Goal-Question-Metric
approach described by Van Solingen et al. [258], which
systematically organizes measurement programs. This
model specifies the purpose, object, issue, and viewpoint
that comprise a goal, which is then distilled into research
questions and used to create metrics for answering those
questions. The goal of this LR is:

Purpose Understand and characterize

Issue The challenges

Object Related to collaboration

Viewpoint Faced by workers in virtual teams

Using this goal, these research questions were derived:

1. What are the factors and challenges that impact dis-
tance collaboration?

(@) What factors specific to distance cause issues?

(b) What other factors contribute to these issues?

2. How can we design technology for supporting virtual
teams?

The purpose of asking question 1 is to outline previous
research investigating collaboration challenges. The
expected outcome will be a comprehensive view of chal-
lenges affecting collaborations and identification of gaps
or areas warranting future exploration. Research Question
1a will be the topic of Sect. 5 while Research Question 1b
will be explored in Sect. 6. Research Question 2, however,
focuses on the development of technology for supporting
collaboration. The answers to this question will yield an
overview of design implications for the creation of group-
ware, which will be discussed in Sect. 8.

3.1.2 Developing and executing the search strategy

The research questions listed above were used to identify
keywords to use as search terms. For example, for the sub-
question ‘What factors can be attributed to distance?’ the
following keywords were selected: collaboration, distance,
challenge; in addition, synonyms and related words were
also searched (e.g., geography, teamwork). This search can
be described by the following boolean search query:

(collaboration OR teamwork OR CSCW) AND (challenge
OR problem) AND (distance OR geography)

Our search methodology used multiple searches as terms
were either exhausted or identified by collected papers.
The generated search terms were used to conduct
searches using Google Scholar since this search engine
conducts a meta-search that returns results from several
paper repositories (such as Science Direct, ResearchGate,
Academia.edu, and the ACM digital library). During the
review, it became apparent that after the first 8-9 pages
of results, we reached concept saturation. As a result, we
limited our search to the first 10 pages for a total of 1200
potential sources.

In addition, collected papers were used to generate
additional searches via a‘snowballing’ effect [26, 249]. Spe-
cifically, collected papers were used to generate additional
keywords, identify additional papers through the bibliog-
raphy, identify newer papers that cited them, and identify
authors who had written important papers published in
relevant conferences. These included papers published in
the ACM conference on Computer-Supported Collabora-
tive Work (CSCW) and the ACM International Conference
on Supporting Group Work (GROUP). These authors were
searched for using the identified search engines, and all
their papers were evaluated for inclusion. In addition,
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Table 1 Paper inclusion and exclusion criteria

Type # Description

Inclusion I Paper is concerned with collaboration
12 Paper contains empirical evidence
13 Findings are generalizable

Exclusion  E1 Paper is not written in English

E2  Paperis not peer-reviewed (e.g., master’s thesis)

E3  Paperis not related to at least one of the
research questions

E4  Duplicate paper

other researchers proposed sources that were used to
boost paper extraction. These additional methods were
used because prior work by Greehalgh and Peacock [91]
found that less efficient methods like snowballing are
likely to identify important sources that would otherwise
be missed, since predefined protocol driven search strate-
gies cannot solely be relied on.

3.1.3 Inclusion and exclusion criteria

The first ten pages of results from Google Scholar were
reviewed since occasionally keywords resulted in a high
amount of potential papers. All papers were reviewed from
searches resulting in fewer than ten pages of results. As
part of our search methodology, we utilized several inclu-
sion and exclusion criteria to filter the collected papers
from the potential papers found using the systematic
search and snowballing. These inclusion and exclusion
factors are listed in Table 1. Figure 1 shows the number
of identified papers that met the inclusion criteria across
5-year periods.

3.1.4 Paper categorization

To facilitate analysis, the papers identified as part of the
LR, shown in Fig. 1, were further categorized by study type
and contribution. Tables 2, 3, 4, 5, 6, 7 and 8 in the “Appen-
dix” contain each paper organized by these categories.

Fig. 1 Distribution of cited
papers across time 60

3
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2 2 3
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4 Factors affecting virtual teams

Virtual teams are affected by physical factors such as geo-
graphic distance, in addition to temporal and perceive dis-
tance, which are time-based and cognitive respectively.
These factors are tightly coupled with social and emo-
tional factors, including trust, motivation, and conflicts.
Based on the papers in this literature review, we separate
these factors into the categories of distance factors, (which
include geographical (physical), temporal, and perceived
distance) and contributing factors that are driven by dis-
tance (including the nature of the work, the presence or
need for explicit management, and group composition).
Each category correlates with a set of challenges that
greatly affect virtual teams. Distance categories and their
associated challenges are discussed in Sect. 5 to answer
Research Question 1a: what factors specific to distance
cause challenges that impact distance collaboration? Con-
tributing factors are discussed later in Sect. 6.

5 Distance factors

Distance can be categorized as being primarily geographi-
cal, temporal, or perceived. Each category correlates with a
set of challenges that greatly affect virtual teams. Distance
categories and their associated challenges are discussed
in the following sections to answer Research Question 1a:
what factors specific to distance cause challenges that
impact distance collaboration?

5.1 Geographical distance

Geographical distance has been defined as a measure-
ment of the amount of work needed for a worker to visit
a collaborator at that collaborator’s place of work, rather
than the physical distance between the two collaborators
[2]. Thus, two physically distant locations could be con-
sidered geographically close if they have regular direct
flights. Even a distance as small as 30 meters has been

Distribution of Papers
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51 52
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22
13
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shown to have a profound influence on communication
between collaborators [4].

Furthermore, geographical distance is well known to
pose challenges for virtual teams [191]. Olson and Olson
explored these challenges at length in 2000 [191] and
2006 [193]. Their first work compared remote and co-
located work through an analysis of more than ten years
of laboratory and field research examining synchronous
collaborations [191]. The 2006 paper presented a follow-
up study that synthesized other prior work [78, 190] to
expand their 2000 contribution [193]. Findings from both
studies identified the following ten challenges that hinder
distance work:

Awareness of colleagues and their context
Motivational sense of presence of others
Trust is more difficult to establish

The level of technical competence of the team mem-
bers

The level of technical infrastructure
Nature of work

Explicit management

Common ground

The competitive/cooperative culture
Alignment of incentives and goals

AN =

© 0V XN W

Challenges 1-5 will be discussed in this section while Chal-
lenges 6-10 will be topics of interest later in Sect. 6.

5.1.1 Motivation and awareness in distributed
collaborations

The motivational sense of the presence of others has well
established ‘social facilitation’ effects, particularly the
observation that people tend to work harder when they
are not alone [193]. However, these effects are harder to
find and cultivate in remote work, which poses an addi-
tional challenge to collaboration. In a similar vein, the
difficulties associated with maintaining awareness of
collaborators’ work progress at remote locations with-
out the ability to casually ‘look over their shoulder’is a
significant challenge to collaboration [193]. The cause of
these problems is likely because co-located workers have
more opportunities for casual encounters and unplanned
conversations [144], which boosts awareness. Similarly,
distance prevents the informal visual observations nec-
essary for maintaining awareness [8]. This is important
since workers use the presence of specific teammates in
a shared space to guide their work and prefer to be aware
of who is sharing their work space [71]. Furthermore, the
inability of virtual team members to observe each other’s
actual effort tends to lead to a greater reliance on per-
ceptions and assumptions that could be both biased and

erroneously negative [206]. In addition to this, in situations
where disengagement is not apparent, virtual team’s reli-
ance on technology to communicate allows team mem-
bers to disengage from the team due to decreased social
impact [16]. Isolation can have an effect as well—when
members of a virtual team become more isolated, their
contributions and participation with the team decrease
[32].

The importance of awareness in collaboration is dis-
cussed at length by Dourish and Bellotti [62], who inves-
tigate awareness through a case study examining ShrEdit
[171], a text editor that supports multiple users synchro-
nously. In this paper, awareness is defined as ‘an under-
standing of the activities of others, which provides a con-
text for your own activity’ [62]. Dourish and Bellotti further
stipulate that this context is necessary for guaranteeing
that each person’s contributions are compatible with the
group’s collective activity and plays a critical role in assess-
ing individual actions in accordance with the group’s goals
and progress. This context further allows individuals to
avoid duplication of work. Collaborative work is signifi-
cantly delayed without such awareness [193]. Moreover,
awareness is a mandatory requirement for coordinating
group activities, independent of the domain [62].

Many computer-based technologies have been devel-
oped to assist distance workers in maintaining awareness
of their collaborators. Research suggests that the adop-
tion of tools that allow members of virtual teams about
the timing of each other’s contributions and activities may
improve team coordination and learning [18]. Systems that
provide real-time visual feedback about the behaviors of
team members can be used as tools to mitigate various
sources of “process-loss” in teams (e.g., team effort) [89].
Some early systems (e.g., [17, 81, 160]) were designed to
feature computer-integrated audiovisual links between
locations that were perpetually open, the idea being that
providing unrestricted face-to-face communication and
a‘media space’ would facilitate collaboration as though
the workers were in the same physical space. Since then,
a number of modern systems (e.g., [153, 197]) have been
developed. For example, Glikson et al. [89] developed an
effort visualization tool that calculated effort based on the
number of keystrokes that team members made in a task
collaboration space. They found that the visualization tool
increased team effort and improved performance in teams
that had a low proportion of highly conscientious mem-
bers [89]. This effect did not hold true for teams with a high
proportion of highly conscientious members. See the work
of [154] for a more comprehensive review of awareness-
supporting technology.

The concept of awareness as a direction for research
has been criticized. In 2002, Schmidt argued that the term
awareness was ‘ambiguous and unsatisfactory (p. 2)' due
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to its exceptionally wide range of diverse applications
and tendency to be paired with an adjective (e.g.,‘passive
awareness’ [62]) in an attempt to lend some specificity.
Instead, Schmidt recommended that researchers pur-
sue more explicit, ‘researchable questions (p. 10)' rather
than focus on the enigmatic concept of awareness. This
is more than a call to change terminology, but rather a
fundamental shift in the way that research in this area is
approached. Despite this recommendation, the awareness
approach is still a commonly explored area [7, 134], indi-
cating disagreement within the community that has yet to
be resolved, presenting a research opportunity.

5.1.2 Establishing trust

Throughout the relevant studies canvassed in this paper,
trust has been defined in a multitude of ways. Cummings
and Bromily [53] define trust within a collaboration as
the worker’s belief that their team (a) ‘makes a good-faith
effort to behave in accordance with any commitments
both explicit or implicit, (b) is honest in whatever negotia-
tions preceded such commitments, and (c) does not take
excessive advantage of another even when the opportu-
nity is available’ Pinjani and Palvia [208], in contrast, have
a simpler definition of trust as the ‘level of confidence
exercised among team members, and Choi and Cho [42]
describe interpersonal trustworthiness as characterized by
ability, benevolence, integrity, and goal congruence. Trust
in the business literature is described as a person’s psy-
chological state which indicates the person’s expectation
that their team member will not act in a self-interested
manner at the expense of the person’s welfare, which
increases readiness to accept vulnerability [44]. Cho rede-
fines this as a person’s believe in the beneficial actions of
another even with the other is given the opportunity to act
in self-interest [41]. Along with this, De Jong et al defines
trust as ‘a shared and aggregate perception of trust that
team members have for each other’[59]. Lastly, Meyerson
et al. [174] describe a specific type of trust, known as ‘swift
trust, which occurs in temporary organizations. The com-
monalities among these definitions include a perception
that trust involves the belief that a collaborator will act in
a beneficent manner as opposed to self-interest, acts in
good-faith to honor commitments.

According to prior work [23, 42], trust is the key variable
that is crucial for all aspects of collaboration This includes
team effectiveness, since trust determines whether team
members ask each other for help, share feedback, and dis-
cuss issues and conflicts [23]. Team trust has a significant
effect on team performance [59] and can be considered
the ‘glue’ that holds collaborations together [48]. In fact,
building mutual trust and personal knowledge about col-
laborators is more important to a good collaboration than
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resolving technical issues [250]. Furthermore, trust is par-
ticularly important in virtual teams since interactions on
computer-mediated communication (CMC) technologies
tend to be superficial (i.e., lacking contextual cues such as
facial expressions and tone of voice) [38, 155, 267], imper-
sonal, and less certain [155].

Trust is linked to positive aspects of collaboration. For
example, commitment to the team and project is greatly
influenced by trust [28]. Trust can also improve collabora-
tion infrastructure [10] and is also crucial for the occur-
rence of normative actions [48]. Maurping and Agarwal
[165] found that building trust early on in a virtual col-
laboration plays a critical role in developing adequate
group functioning and the ability to manage social activi-
ties. In addition, virtual teams that develop trust early
may notice information confirming the competence of
their team members and may not notice contradicting
evidence [273]. As a result of their early development of
trust, members of these teams also gain the confidence to
engage in normative actions that sustain both trust and
later performance [48]. While some research has found
that the relationship between early trust and performance
is stronger in highly virtual teams than in less virtual teams
[163], whether the performance actually improves is up
for debate. Some prior work [128] reports positive effects
of trust on performance while others report negligible or
no effects [124]. That being said, trust has an affect on the
perception of performance such that when trust is high in
a collaboration, the team’s perception of its performance
is higher [182].

Trust is more difficult to establish and maintain in geo-
graphically dispersed collaborations [170, 193, 220] for a
variety of reasons including the lack of strong relationships
common to co-located teams [36-38, 123] difficulties hav-
ing in-depth personal interactions due to the absence of
nonverbal cues and difficulties inferring the intentions
of others [67]. Trust is also dependent on frequency of
interactions, which may be less in virtual teams [273].
Swift trust in virtual teams is particularly fragile due to
the unexpected disruptions and differences across time,
distance, organization, and culture in virtual teams [266].
Teams that interact virtually are considerably less likely
to develop trust [216]. Furthermore, trust develops in a
sequential approach in co-located tams but follows an ad-
hoc, unpredictable approach in virtual teams [147].

This difficulty in establishing trust has profound effects
on collaboration, (e.g., (1) corrosion of task coordination
and cooperation [193], (2) decreased eagerness to com-
municate [101], (3) inability to systematically cope with
unstructured tasks and uncertainty [123], (4) fewer mem-
bers willing to take initiative [123], (5) lack of empathy
for teammates [132], (6) lower amounts of feedback from
collaborators [123]), and increased risk [218]. Additionally,
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several studies (e.g., [116, 142, 188]) showed that low trust
caused by distance affected workers’ identification of
themselves as belonging to a team spanning locations.
These issues have detrimental effects on collaborations
that can delay or even halt the progress of a project.

Lack of trust is most pronounced during the initial
stage of the collaboration and tapers off throughout the
course of the project [21], implying that there are mitigat-
ing factors for the effect of distance on trust. Taking social
approaches, such as promoting social exchanges early on
in the life of a project [123], or creating opportunities for
casual, non-work-related interactions between collabo-
rators [193], can improve trust. However, these types of
informal interactions more commonly occur face-to-face
[193]. Furthermore, [186] identified face-to-face commu-
nication as having an ‘irreplaceable’ role in building and
repairing trust.

Face-to-face communication is not always possible in
distance collaborations, which is why [20] investigated
challenges associated with trust—particularly delayed
trust (slowed rate of progress towards full cooperation)
and fragile trust [susceptibility towards negative ‘oppor-
tunistic behavior (p. 1)']—via an evaluation of four com-
munication methods commonly used in distance collabo-
rations: face-to-face, audiovisual (e.g., Skype [175], Google
Hangouts [90], FaceTime [6]), audio (telephone), and text-
based (email, [232]) tools. They found that the absence of
body language, subtle voice inflections, facial expressions,
etc. cause delays in workers' decisions whether to trust a
new collaborator and impede expression of their own
trustworthiness. This finding agrees with Olson and Olson’s
assertion that the presence of video when communicat-
ing helps in situations where workers are not familiar with
each other [193]. The effect of stripping body language,
subtle voice inflections, facial expressions, etc. from com-
munication was clearly shown by the performance of peo-
ple participating in a social dilemma game who relied on
distance technology for communication—these collabora-
tions markedly showed more fragile trust than those that
communicated face-to-face. Textual communication was
especially worse with regards to establishing and main-
taining trust, although audiovisual and audio technolo-
gies did have some effect on delayed and fragile trust. It is
unsurprising then that trust development is enhanced by
facilitating an initial face-to-face meeting at the beginning
of a team'’s relationship [163]. Furthermore, the effective-
ness, reliability, and usefulness of the CMC technology
used by the virtual team affects trust [42]. The personal
characteristics of team members (e.g., ability, integrity,
competence, fairness, honesty, openness) and the level
of autonomy in a team play an important part in estab-
lishing trust [42].

From these works, we see that not only does distance
influence trust, but this effect can partially be attributed
to the use of communication technology adopted by
distance collaborations. This influence may be further
affected by the manner in which communication technol-
ogy is used, since irregular, unpredictable, and inequita-
ble communication between collaborators hampers trust
[123]. Thus, it is important for future research seeking to
address trust in collaboration to consider communication
methods, particularly since trust in collaboration is still a
relevant issue [29, 30, 217].

5.1.3 Informal and face-to-face communication

Prior work has identified team communication as one
of the fundamental challenges associated with virtual-
ity [5]. Communication in virtual teams is a key predictor
of various outcomes such as improved performance and
increased commitment [76]. Often in co-located collabo-
rations, informal communication (i.e., ‘coffee talk’ [57])
accounts for up to 75 minutes of a workday [102]. These
crucial exchanges often occur after meetings or during
unplanned encounters in the hallway [8] and have pro-
found effects on collaboration. In contrast, communica-
tions in virtual teams are often more formal than in co-
located settings and focus more on work-related issues
[13]. This is as a result of limited opportunities for the infor-
mal and unintentional information exchanges that often
happen in shared spaces such as the hallway, water cooler,
or parking lot [13]. This in turn diminishes a virtual team’s
ability to share knowledge [92]. Informal contact plays an
important role in facilitating trust and critical task aware-
ness [2]. Spontaneous, informal communication has been
shown to foster the feeling of being a part of a cohesive
team [11, 102, 132] and assist the provision of corrective
feedback [8]. These types of informal encounters are par-
ticularly important for unstable, dynamic groups [2].
Informal communication is associated with face-to-
face encounters [73, 191], thus, face-to-face communica-
tion plays an important role in collaboration [64] and has
been described as being ‘crucial’ [196] or ‘indispensable’
[11], particularly at the beginning of a project. Frequent
face-to-face interactions enable collaboration in virtual
teams [54] and is credited with the ability to dramatically
boost the strength of work and social ties within the team
[133], which promotes a worker’s sense of belonging to
the team and awareness of group activities [2], as well as
boosting mutual trust and understanding, which is critical
for preventing conflicts [8]. In addition, face-to-face com-
munication is associated with higher levels of consensus
within groups, higher perceived quality, more commu-
nication, and greater efficiency in completing tasks [86].
For this reason, it is recommended by many authors that
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members of virtual teams meet face-to-face when pos-
sible, particularly during the initial launch [136, 151, 265],
when a face-to-face meeting can create a lasting bridge
across geographical, temporal, and socio-cultural distance
[265]. (Socio-cultural distance will be discussed in further
depth later in Sect. 6.4.2) It is unsurprising, then, that trave-
ling for obtaining face-to-face contact is imperative for
project success [116].

Opportunities for informal interactions are greatly
reduced by geographic distance between collabora-
tors [93, 132]. As a result, remote collaborators are often
excluded from spontaneous decisions that are made out-
side formal meetings [8]. This exclusion is partly as a result
of the increased effort needed to reach out and contact a
teammate [101], and likely partly due to the correlation
between distance and diminished face-to-face commu-
nication [52, 133, 141, 144]. Geographic barriers to face-
to-face communication include an increase in cost and
logistics [2] and the burdens of travel in terms of money
and time [11].

Itis no surprise, then, that virtual teams show a marked
increase in online activity [191, 213] and have a higher reli-
ance on CMC technology [215]. computer-mediated com-
munication technology refers to the use of computers for
communication between individuals []. This technology
includes audiovisual, audio, and text-based tools. Use of
this technology comes with significant challenges. Syn-
chronous technology (i.e., audio and audiovisual tools)
requires that all parties be available at a particular time.
Some research has shown that it may be difficult to ascer-
tain a remote collaborator’s availability for a synchronous
meeting [101] and electronic-communication dependence
constrains informal, spontaneous interaction [61], while
others argue that CMC is dynamic and can be used on an
ad-hoc and as-needed basis with no need for scheduling,
presenting fewer logistical challenges [234]. However, it is
important to note that, like in the case of the telephone,
initiating spontaneous communication could be perceived
as intrusive [144]. In addition, audio technology ‘distorts’
verbal cues and removes visual cues [20]. Audiovisual tech-
nology is also known to mask both verbal and visual cues
in addition to constraining the visual field [20]. CMC often
lacks support for non-direct and nonverbal interactions
(e.g., body language, facial expressions) which greatly
hinders communication in geographically dispersed vir-
tual teams [67] by making interactions more difficult [92].
Thus, the choice of CMC technology has a heavy influence
on communication because each method offers a differ-
ent capacity to convey verbal and nonverbal cues [178].
It is therefore recommended to use several types of CMC
technologies either concurrently (e.g., face-to-face com-
munication accompanied by documents; telephone con-
ferencing with synchronous electronic conferencing) or

SN Applied Sciences

A SPRINGER NATURE journal

consecutively (e.g., conveying information via e-mail first,
followed by con verging over the phone) [60].

Virtual teams that rely on CMC in lieu of face-to-face
communication are more likely to experience less posi-
tive affect and have a diminished affective commitment to
their teams [126]. Furthermore, compared to face-to-face
feedback, computer-mediated feedback reduces percep-
tions of fairness [3]. This lack of face-to-face contact results
in virtual teams having a lower sense of cohesion and per-
sonal rapport between team members [263]. Members of
virtual teams may also divide their attention between
various tasks while simultaneously participating in team-
work interactions due to the asynchronous nature of com-
munication media, resulting in a lack of investment in the
tasks [163]. As a result, communication timeliness has a
higher influence on performance in virtual teams [163].
Furthermore, virtual teams that rely on CMC technology
(e.g., instant messaging) to supplement communication in
the absence of face-to-face interactions may have difficul-
ties in their decision-making processes [173].

However, overall, communication technologies (includ-
ing text-based tools) take more time and effort to effec-
tively communicate information and are missing impor-
tant social information and nonverbal cues that help
establish ties between collaborators [64]. This has impor-
tant implications for situations where a high volume of
communication is necessary. Due to the extra effort
required to communicate through computer-mediated
modalities (e.g., email), virtual teams must put in extra
effort to manage high volumes of messages, which can
hinder performance [163]. Furthermore, when teams use
email for communication, it becomes difficult to deter-
mine whether the information contained within the email
was understood in the absence of vocal and nonverbal
cues [163]. To combat this, Marlow et al. [163] suggest
using closed-loop communication to prevent misunder-
standings by providing opportunities for clarification that
would otherwise not accompany virtual communication.
They argue that the use of closed-loop communication will
enhance performance in virtual teams [163].

Since remote collaborations must rely on technology in
lieu of face-to-face communication, the level of technical
competence of the team members can pose an additional
challenge [193]. Teams that are unable to adopt and inte-
grate basic technology into their everyday workflow are
unlikely to use more complicated and sophisticated col-
laboration technology (e.g., multi-pane videoconferenc-
ing) [191] that may better support visual and verbal cues,
enriching distance communication. Furthermore, the level
of technical infrastructure can also create collaboration
challenges [193]. Technology for remote work fails with-
out adequate technical support or resources. Reliability
is also an issue with communication technology—new
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technology must be stable enough to ‘compete with the
well-established reliability of the telephone’[15].

There are some advantages to using commuter-
mediated communication technology in virtual teams.
For example, asynchronous technology (e.g., text-based
tools) provide provide the ability to take one’s time when
asking a question or crafting a response [144, 261], which
leads to efficient, focused conversations [77, 144] that can
be quicker than other forms of communication. CMC is
also shown to increase participation among team mem-
bers [212], facilitate unique ideas [86, 212], and reduce
the number of dominant members [212]. In a similar vein,
Fjermestad [79] found that groups that relied on CMC
experienced higher decision quality, depth of analysis,
equality of participation, and satisfaction than groups
that primarily met face to face. Finally, virtual teams that
do not meet face to face may be better at adapting their
conceptualization of a task in response to a team member
completing a task in a novel manner [163]

Additional factors, such as experience with a task,
interdependence, and the temporal stage of team devel-
opment can impact team performance when relying on
CMC technology. For example, when teams have expe-
rience with the task at hand, with each other, and with
their communication method, there is less of a need for
synchronous CMC technology (e.g., video conferencing)
[60]. In contrast, when teams do not have this extensive
experience, there is a greater need for synchronous CMC
technology [60]. Organizational structure, levels of inter-
dependence, and media richness (which ranges from
face-to-face communication to simple documents) also
influence the effectiveness of communication [140]. These
factors vary depending on the communication method’s
capacity forimmediate feedback, ability to facilitate non-
verbal cues, and level of personalization [140]. In addition
to this, Maruping and Agarwal [165] found that match-
ing the functionalities of the CMC technology to specific
tasks will result in higher levels of effectiveness in virtual
teams. Furthermore, stage at which a virtual team is at in
their development will also affect communication [165].
Teams in their early stages of development should use
CMC technologies that facilitate expression in order to
mitigate relationship conflict [165]. Video-conferencing
technologies are particularly suited for this situation being
both synchronous and media rich [165].

From the identification of these challenges, we can
clearly see that existing tools and infrastructures have
limitations that are preventing communication technol-
ogy from fully supporting informal interactions. Thus,
we are left with a need for other methods that support
informal communication in geographically dispersed
collaborations.

5.1.4 Intra-team conflict

In Jehn et al's exploration of everyday conflict through
qualitative investigation of six organizational work teams,
intra-team conflict is categorized as being either affective
(i.e., interpersonal), task-based, or process-based (i.e., relat-
ing to responsibilities and delegation of workers for tasks)
[125]. All three types of conflict have been investigated
within the context of geographically distributed versus
co-located teams, with mixed results. Several researchers
have concluded that geographically distributed teams
experience higher levels of conflict [8, 46, 103, 108, 188,
261]. In particular, geographically distributed teams are
more susceptible to interpersonal [108] and task-based
conflict [108, 179]. There is some evidence that conflict
has a more ‘extreme’[107, 159] or‘detrimental’[179] effect
on distributed teams as opposed to co-located ones. This
effect can likely be attributed to the evidence that con-
flict in distributed teams is known to escalate and often
remains unidentified and unaddressed for long periods
of time [8]. As a result of reliance on computer-mediated
communication, virtual teams featuring high geographical
dispersion have higher perceptions of unfairness, which
also leads to internal conflict [244].

One pervasive issue is the development of geographi-
cally based subgroups within a collaboration that provoke
us-versus-them attitudes [8, 46]. Armstrong and Cole
observed that the word ‘we’ was often used to refer to co-
located workers, regardless of which group the workers
were assigned [8]. In another case, a team of international
collaborators spread across four sites ‘fought among them-
selves as if they were enemies. Interviews exposed that the
team was actually comprised of four groups under one
manager and did not act or feel like one cohesive team [8].
These conflicts are similar to those associated with com-
municating at a distance. Conflicts frequently occur as a
consequence of assumptions and incorrectly interpreted
communications [103]. Furthermore, missing information
and miscommunications between geographically distant
sites result in teammates making harsh attributions about
their collaborators at other locations [46]. These types of
intra-group conflicts can have important ramifications for
distant collaborations. Us-versus-them attitudes often lead
to limited information flow, which in turn leads to reduced
cohesion and faulty attributions [46]. Moreover, intra-team
conflict causes problems that result in delays in work pro-
gress [8] and resolution of work issues [103].

Researchers have identified several things that can
mitigate conflict in virtual teams. Both shared context
[108] and a shared sense of team identity have a mod-
erating effect on conflict [108, 179], particularly task
and affective conflict [108, 179]. Familiarity, in addition,
has been shown to reduce conflict [107]. Spontaneous
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communication—which, as previously discussed, is pri-
marily achieved face-to-face—has been demonstrated to
mitigate conflict in virtual teams, particularly due to its
role in facilitating the identification and handling of con-
flict [108]. There are also more instances of task conflict
in teams that rely heavily on communication technology
[179]. Specific types of conflict can be managed through
different forms of computer-mediated communication
technology. Task related conflict, for example, is best man-
aged through synchronous communication technologies
such as video-conferencing [165]. Conflict related to pro-
cesses can be effectively handled using asynchronous
communication technologies that also document the
team’s agreements regarding tasks and responsibilities
[165]. In this case, immediate feedback is not as necessary
[165].

Although the above work has come to an agreement as
to whether geographic distance has a negative effect on
conflict, contradictions do exist in the literature. In particu-
lar, Mortensen and Hinds’ [179] examination of 24 prod-
uct development teams found no significant difference
in affective and task-based conflict between co-located
and distributed teams, which is in direct conflict with their
later work [108]. This discrepancy is particularly interesting
given that the participants in both studies did research
and product development, and are therefore comparable.
Thus, it is uncertain as to which conclusion is accurate, pre-
senting an open question.

5.2 Temporal distance

Temporal distance is distinctly different than geographical
distance and should be treated as a separate dimension
[49]. While geographical distance measures the amount of
work needed for one collaborator to visit another at that
collaborator’s place of work, temporal distance is consid-
ered to be a directional measurement of the temporal dis-
placement experienced by two collaborators who want
to interact with each other [2]. Temporal distance can be
caused by both time shifts in work patterns and differ-
ences in time zones [219]. In fact, time zone differences
and time shifts in work patterns can be manipulated to
either decrease or increase temporal distance [2]. It can
be argued that temporal distance is more influential than
geographic distance [75, 213, 243, 250] due to the chal-
lenges it poses on coordination [49, 74, 75, 141, 183, 213,
243].

One key disadvantage to high temporal distance is the
reduced number of overlapping work hours between col-
laboration sites [11, 33, 132]. Although in an ideal situa-
tion, having team members dispersed across time zones
can allow continual progress on a project as each team
member works within their respective workdays [256], this
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isn't always the case. In fact, temporal distance can lead to
incompatible schedules that result in project delays and
can only be overcome with careful planning [230]. Fewer
overlapping work hours results in communication break-
downs, such as an increased need for rework and clari-
fications, and difficulties adjusting to new problems [73,
74]. Additionally, reduced overlap in work hours results in
coordination delays [49]. For example, a distant teammate
may not be available when their expertise is needed [2]. In
some cases, this unavailability causes the collaborator in
need of help to make assumptions based on local culture
and preferences in order to reach an immediate resolution
of issues—which can cause rework when these assump-
tions are incorrect [250]. The issue of the lack of overlap-
ping work hours also causes problems with synchroniza-
tion; synchronous communication is often significantly
limited in temporally dispersed collaborations, which can
delay vital feedback [2] and increase response time [219].
In fact, scheduling global meetings can be virtually impos-
sible for this reason [250]. Furthermore, as with geographic
distance, temporal distance decreases the number of
opportunities for informal communication [93, 132] since
the window in which all collaborators are available is small.

Communication can be disrupted by temporal distance
in other ways. Bjgrn and Ngwenyama found that in some
virtual teams, communication would become limited to
temporally co-located teammates because it was easier,
bypassing teammates at other sites who should have been
included [14]. This invisible communication would result in
collaborators feeling left out of key decisions, which had
toxic effects on the project. This effect is especially unfor-
tunate given that temporal distance makes repairing the
consequences of misunderstandings and reworking por-
tions of the project more costly [73].

In addition to these issues, temporally dispersed col-
laborations are often plagued by delays, while co-located
collaborations are considered more efficient [19]. Coor-
dination delay increases with temporal distance—delay
between collaborators located in the same city was smaller
than that for collaborators in different cities, which was
smaller than the delay found in collaborators located in
different countries [49]. Delays in responses from collabo-
rators can be especially frustrating and problematic [116]
and can lengthen the amount of time required to resolve
issues [19], sometimes dragging problems out across mul-
tiple days [120, 132]. When work is organized such that
a team member’s contribution is dependent upon a task
completed by a team member in an earlier time zone, a
failure to complete the earlier task can result in the loss of
an entire workday [250]. Thus, timely completion of tasks
in temporally dispersed collaborations is crucial [250].
Coordination delays are also shown to cause additional
problems, particularly decreased performance in terms of
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meeting key requirements, staying within the budget, and
completing work on time [49].

There are several social approaches to mitigating these
issues. For example, collaborators can cultivate flexible
work schedules [116], often by modifying a ‘typical’ work-
day by working either extremely early in the morning or
very late at night so that there are overlapping work hours
[250]. In contrast, Holmstrom et al. found that both Hewl-
ett Packard (HP) and Fidelity employed a ‘follow-the-sun’
concept where work is handed off at the end of the day in
one time-zone to workers beginning their day in another
[116]. Follow-the-sun methodologies, if used effectively,
can result in efficient, 24/7 productivity since work can
be completed by one team member during another’s off
hours [2, 93, 103]. However, this technique requires addi-
tional oversight time to facilitate the transfer of work from
one team to the other, including time to discuss arising
issues [250]. A competing technique is to limit the number
of time zones in which sites are located [116]. Additionally,
some coordination issues can be mitigated by careful divi-
sion of work which takes into account being separated by
several time zones [49].

Technology also plays a key role in mitigating the effects
of temporal distance. Asynchronous communication tools
(e.g., email, fax [19, 57]) allow collaborators to coordinate
shared efforts across time and distance with the additional
benefits of leaving a written communication history [31]
that supports accountability and traceability [2]. However,
using asynchronous tools is known to increase the amount
of time that a collaborator has to wait for a response [2]
and make temporal boundaries more difficult to overcome
than spatial boundaries in instances where sites do not
have overlap in their workdays [49]. Furthermore, the pro-
cess of writing ideas in emails increases the risk of misun-
derstandings between collaborators [57] over talking in
person or via the telephone. Finally, developers starting
their workday may become overwhelmed by the number
of asynchronous messages left during the previous night
[19]. Given these drawbacks to current technology and the
unlikelihood that global collaboration is going to stop, it is
worthwhile to ask how can we better support communica-
tion in temporally distant work.

There is also some question as to whether coordination
costs are higher in teams that are temporally distributed.
Both Agerfalk et al. [2] and Battin et al. [11] assert that
temporal distance greatly increases the cost and effort of
coordination due to the added difficulties of dividing work
across multiple time zones. Espinosa and Carmel [73], how-
ever, state that temporal distance reduces coordination
costs when team members are not working concurrently
because no direct coordination takes place when the two
teammates are not working at the same time [2]. Clearly,
this discrepancy needs to be resolved.

5.3 Perceived distance

As previously discussed in Sects. 5.1 and 5.2, distance is
commonly conceptualized in terms of geography or time
zones [4] (i.e., spatio-temporal distance). In contrast, per-
ceived (a.k.a. subjective) distance is characterized by a
person’s impression of how near or how far another per-
son is [270]. These perceptions of proximity have both an
affective and a cognitive component [189]. In this case,
the cognitive component refers to a mental judgement of
how near or distance a virtual teammate seems while the
affective component is concerned with the idea that a per-
son’s sense of perceived proximity is neither purely con-
scious or rational but is instead dependent on emotions
[189]. Perceived distance is a distinctly different idea than
spatio-temporal distance and one is not necessarily related
to the other [215]. Rather, perceived distance is the “sym-
bolic meaning” of proximity rather than physical proximity
and is suggested to have a greater effect on relationship
outcomes [189]. This symbolic meaning is defined by the
teams sense of shared identity and their use of communi-
cation media, which is primarily synchronous [189]. In fact,
as people interact strongly and frequently with other team
members, they can create a sense of closeness independ-
ent of physical proximity [214]. For example, free and open
source software developers often perceive high levels of
proximity due to their strong and intense communication
and“hacker”identities [214]. The concept of perceived dis-
tance is why collaborators may be geographically distant
and yet feel as though they are proximally near [162]. Per-
ceived proximity can have a profound influence on team
interaction [34, 82, 189] For example, perceptions of prox-
imity are known to influence decision making in virtual
teams [198].

In 2014, Siebdrat et al. surveyed 678 product developers
and team leaders in the software industry to investigate
perceived distance and challenge the notion that geo-
graphic and temporal distance directly translates to per-
ceived distance. They found that perceived distance was
more strongly affected by a team’s national heterogeneity
than by their spatio-temporal distance. Furthermore, Sieb-
drat et al. found that perceived distance had a significant
effect on collaboration while spatio-temporal distance had
no impact. As a result, they concluded that perceived dis-
tance is more indicative of collaboration challenges than
spatio-temporal distance.

Findings from other work implies that distance can
affect collaborators that are all in the same country at a sin-
gle site [4], with low national heterogeneity and low spa-
tio-temporal distance. It is uncertain whether this situation
would still have high perceived distance given the limited
work available. Therefore, there is a clear need for a better
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understanding of the relationship between perceived dis-
tance, spatio-temporal distance, and collaboration.

6 Contributing factors

In addition to the challenges associated with the three
main types of distance discussed previously in this paper
(i.e., geographic, temporal, and perceived distance), sev-
eral contributing factors intersect with distance to cause
additional challenges for virtual teams. To answer Ques-
tion 1b (What other factors contribute to the factors and
challenges that impact distance collaboration?), this paper
will discuss these key factors, namely the nature of work,
the need for explicit management, configuration, and
diversity of workers in a collaboration.

6.1 Nature of work

Work can be categorized as either loosely or tightly cou-
pled [191]. Tightly coupled work relies heavily on the
skills of groups of workers with exceedingly interdepend-
ent components; this type of work necessitates frequent,
rich communication and is usually non-routine. Loosely
coupled work, in contrast, is typically either routine or has
fewer dependencies than tightly coupled work. Interde-
pendence between components, and thus tightly cou-
pled work, is at the heart of collaboration [225]. In addi-
tion, complex tasks lead to higher trust and collaboration
than simple tasks and task complexity is a critical factor
that molds the interactions and relationships between
team members [42]. Furthermore, interdependence is not
merely an issue of sharing resources, but instead ‘being
mutually dependent in work means that A relies positively
on the quality and timeliness of Bs' work and vice versa
and should primarily be conceived of as a positive, though
by no means necessarily harmonious interdependence’
[225]. Marlow et al. [163] found that as interdependence
increases, communication becomes increasingly critical.
They therefore suggest that communication becomes
increasingly important to promoting high levels of perfor-
mance. In 1988, Strauss described the additional work nec-
essary for collaborators to negotiate, organize, and align
their cooperative (yet individual) activities that occur as a
result of interdependence. In doing so, Strauss discusses
the concept of articulation work—by his definition, work
concerned with assembling tasks and adjusting larger
groups of tasks (e.g., sub-projects and lines of work) as a
part of managing workflow. Articulation work is further
described as the additional work needed to handle the
interdependencies in work between multiple collabora-
tors [72].
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Virtual teams face greater challenges when managing
these dependencies as a result of distance, both spatial
and temporal, and culture [72]. Because interdepend-
ent (i.e., tightly coupled) work requires a high amount of
interaction and negotiation, it is very difficult to do at a
distance [191]. In contrast, loosely coupled work does not
require as much communication as tightly coupled work,
and so is easier to complete in geographically distant col-
laborations. Thus, tightly coupled work in virtual teams
leads to less successful projects [193]. This observation is
important since most projects have both varieties of work
[191].

To combat the challenges associated with relying on
tightly coupled work, many organizations take a social
approach that arranges for co-located team members to
work on tightly coupled aspects of the project while dis-
tance workers tackle loosely coupled parts [64, 193], facili-
tated by deconstructing tasks into smaller pieces [93]. For
tightly coupled work, some organizations choose to use
extreme [161] or radical [246] collaboration setups where
teams work in an enclosed environment in order to maxi-
mize communication and facilitate the flow of information.
In contrast, for loosely coupled work, some organizations
choose to minimize interaction [104]. Creating rules and
norms for communication between team members early
in the team’s life cycle can also increase effective com-
munication and therefore improve performance during
complex tasks [262]. This is essential for managing highly
complex tasks and avoiding misunderstandings that can
arise as a result of high task complexity combined with
high virtuality [163].

However, the idea that tightly coupled work challenges
collaboration is contested by Bjarn et al. [15]. This case
study is centered on a large research project investigating
global software development with several geographically
dispersed partners. This study also provides evidence that
tightly coupled work resulted in stronger collaborations.
They observed that tightly coupled work required col-
laborators to frequently interact to do their work and, as
a result, forced these collaborators to know more about
each other, help each other, and cultivate strong engage-
ment despite being at geographically distant sites. In con-
trast, loosely coupled work did not require the same level
of engagement, resulting in collaborators feeling more
detached from the project. Thus, Bjgrn et al. proposed that
tightly coupled work in geographically distributed teams
involves processes that help collaboration [15].

Complex, tightly coupled tasks may be more difficult
to the reliance of virtual teams on virtual tools and ten-
dency to disband after a task has been completed [12].
Furthermore, the combination of high task complexity and
high levels of virtuality lends itself to misunderstandings
and mistakes [163]. As a result, effective communication
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is more critical for high performance in virtual teams for
these tasks [163]. Despite this, Marlow et al. suggest that
virtual teams can successfully complete these tasks if team
members cultivate shared cognition. Given the character-
istics of CMC technologies like video conferencing, which
preserve much of the nuances present in face-to-face com-
munication, we posit that shared cognition can be devel-
oped through the frequent, consistent use of this medium
for communication.

Given the contrast between the work suggesting that
tightly coupled work hinders distance collaboration [72,
191, 193] and work by Bjarn et al. [15] that suggests the
opposite, there is clearly room for further research on the
subject. This is especially true since Bjgrn et al. focused
only on global software development, and thus their find-
ings might not generalize to other types of collaboration.

6.2 Explicit management and leadership

One of the largest challenges faced by virtual teams is the
management of team effort [207]. Explicit management is
needed for distributed, collaborative work, particularly by
leaders trained in project management, in order to ensure
the success of a project [150, 193]. Collaborative projects
are considered difficult to manage, especially as the num-
ber of workers associated with the project increases. Lead-
ership is challenging in geographically dispersed teams
because effective leadership is highly dependent on
quality interactions that are more difficult across distance
[157]. For example, Hoch and Kozlowski [111] found that
hierarchical leadership is less effective in geographically
dispersed teams than in co-located teams. It is also more
challenging to ensure that the team'’s work is given pri-
ority by the team members in geographically dispersed
teams [131]. Furthermore, distributed projects face even
more obstacles, such as increased coordination problems
[188] including identifying and overcoming cultural dif-
ferences, ensuring that all team members are heard [193],
and regulating the inter-dependencies between resources,
task components, and personnel [158].

Virtual teams face challenges related to leadership, such
as nourishing an environment that fosters creativity [96]
and emergent leadership [35]. Effective leadership ben-
efits geographically dispersed virtual teams in a multitude
of ways, including helping virtual teams overcome many
of the challenges caused by distance, including facilitat-
ing satisfaction and motivation [88, 169]. Virtual leadership
can help collaboration within the team through provid-
ing training, guidance, resources, coaching, and facilitat-
ing relationship building [150]. Furthermore, leadership
in virtual teams can facilitate knowledge sharing and the
building of shared mental models [150]. Mental models are
defined by Johnson-Laird [126] as internal representations

of knowledge that match the situation they represent and
consist of both abstract concepts and perceptible objects
and images. These mental models may reflect detailed
information about how the task is to be performed (i.e.,
task-related team mental models) or information about
team member’s roles, tendencies, expertise, and patterns
of interaction (i.e., teamwork-related mental models) [226].
These benefits, in turn enhance virtual team effectiveness
[150]. Task complexity can be a mitigating factor in the
effectiveness of leadership. Leadership benefits the team
more in an environment where tasks are highly interde-
pendent and/or highly complex [150]. In addition to this,
team members’ perceptions of their leaders’ use of com-
munication tools and techniques can impact their per-
ceptions of overall team performance [182]). In particular,
positive perceptions of leadership communication results
in positive perceptions of performance [182].

Leadership can have a strong influence on interpersonal
team dynamics and trust as well. Prior work indicates that
leaders play an important role in enhancing team perfor-
mance by demonstrating empathy and understanding
[131], monitoring and reducing tensions [260], and clearly
articulating role and relationship expectations for team
members [131]. Leaders in virtual teams have the capac-
ity to prevent and resolve team relationship and task con-
flicts [150]. Furthermore, effective leadership can have a
positive influence on affection, cognition, and motivation
[150]. It is particularly important for leaders to bridge co-
located and remote team members in order to promote
team effectiveness [150]. Leaders can build trust within
virtual teams by engaging in behaviors such as early face-
to-face meetings, using rich communication channels, and
facilitating synchronous information exchange [150]. High
levels of consistent communication between leaders and
team members is positively related to trust and engage-
ment within virtual teams [80].

Individual leadership styles have their own impact on
virtual team productivity. Prior work has focused on four
key types of leadership: transformational, empowering,
emergent, and shared. Transformational leadership is
characterized by idealized influence, inspirational moti-
vation, individual consideration, and intellectual stimula-
tion [65]. This type of leadership enables followers to reach
their potential and maximize performance [65]. However,
transformational leadership, while effective in co-located
or slightly dispersed teames, is less effective in improv-
ing the performance of highly geographically dispersed
teams [69]. This may be due to the difficulties associated
with facilitating communication across distance, which
can cause the leader’s influence to have counterproduc-
tive effects [69]. In this case, the leader is likely to be “too
far removed” to authentically want to make a difference
[69]. In fact, a transformational leader’s influence on team
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communication decreases as the team becomes more and
more dispersed [69].

Empowering leadership combines sharing power with
individual team members while also providing a facilita-
tive and supportive environment [236]. High empower-
ing leadership has the effect of positively influencing
team members’ situational judgement on their virtual
collaboration behaviors and, ultimately, individual per-
formance [105]. Moreover, empowering leadership has a
positive effect on team performance at high levels of team
geographic dispersion [105]. However, it is important to
note that teams may miss out on the benefits provided
by empowering leadership if they lack situational judge-
ment [105]

Emergent leaders are people who exert significant influ-
ence over other members of a team, even though they
may not be vested with formal authority [227]. Emergent
leadership has a positive relationship with virtual team
performance [110]. In particular, emergent leadership has
positive relationships with team agreeableness, openness
to experience at the individual team member level, and
emotional stability [110]. In addition, emergent leadership
has a positive relationship to individual conscientiousness,
which is associated with being careful, responsible, and
organized [110]. These all have positive influences on vir-
tual team performance [110].

Shared leadership is a collective leadership processing
featuring multiple team members participating in team
leadership functions [110]. This form of leadership can be
described as a“mutual influence process” where members
of a team lead each other towards the accomplishment of
goals [109]. Shared leadership has a positive influence on
the performance of virtual teams [110, 150]. The structural
support provided by shared leadership can supplement
traditional leadership; in this situation, shared leaders
assume the responsibility of building trust and relation-
ships among team members [150]. Shared leadership pro-
vides many benefits to virtual teams such as emotional
stability, agreeableness, mediating effects on the relation-
ship between personality composition and team perfor-
mance [110]. Shared and emergent leadership styles share
some effects on virtual teams. Specifically, these types
of leadership will affect the relationships between team
conscientiousness, emotional stability, and team open-
ness such that they will be stronger in teams with higher
levels of virtuality than in teams with lower levels of vir-
tuality [110]. However, shared leadership is facilitated by
the socially-related exchange of information that creates
commitment, trust, and cohesion among team members
[110]. In co-located teams, this exchange of knowledge
is enabled through social interactions like informal con-
versations, socializing outside of work, and through meet-
ings [110]. However, this type of informal and face-to-face
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communication is less common and feasible in virtual
teams for reasons that will be discussed later. As a result,
it is necessary for organizations to make efforts to facilitate
shared leadership through training [110].

In addition to leadership style, the level of authority
differentiation and skill level of the team members have
an affect on team-level outcomes. Among teams with less
skilled members, centralized authority (i.e., high authority
differentiation) will have a positive influence on efficiency
and performance in virtual teams [223]. In contrast, cen-
tralized authority has a negative influence on team inno-
vation, learning, adaption, and performance as well as
member satisfaction and identification among teams with
highly skilled members [223]. Decentralized authority (i.e.,
low authority differentiation) when combined with care-
ful intervention of a formal or informal leader can benefit
coordination, learning, and adaptation in virtual teams
with high skill differentiation and high temporal stability
[150].

Other studies showed that virtual teams face chal-
lenges that could be mitigated with explicit management
[83, 188, 243, 261]. O'Leary and Mortensen investigated
the effects of configuration (i.e., the distribution of team
members across multiple sites) on team dynamics at the
individual, subgroup, and team level [188]. They found
that geographically defined subgroups led to significantly
negative outcomes with regards to coordination problems
(e.g., difficulties with coordination-related decisions about
schedules, deadlines, and task assignments). The effects
of configuration on distance work will be discussed fur-
ther in this section. Similarly, problems of coordination
(e.g., reaching decisions’ and ‘division of labor”) were sig-
nificantly increased by distance [261]. These results are
complemented by findings that distance hampers the
coordination of virtual teams via synchronous meetings
[243]. Similarly, coordination in distance collaborations is
hindered by difficulties in scheduling synchronous meet-
ings due to limited windows of time where all parties are
able to be present [83]. These findings complement those
of Sect. 5.2 discussing the effect of temporal distance on
collaboration.

Prior work has suggested various strategies for effec-
tive leadership and explicit management. For example,
Hill and Bartol [105] suggest team training that focuses
on strategies for overcoming challenges encountered in
dispersed teamwork. Another, related, strategy is to focus
more attention on setting norms for behavior that may aid
appropriate situational judgment among team members
when launching geographically dispersed teams [105]. A
different approach is to consider personality dimensions
such as agreeableness, conscientiousness, openness, emo-
tion stability, and moderate extroversion, which all have
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positive influences on team performance, when selecting
virtual team members [110].

However, some types of collaborations, particularly
research collaborations consisting mainly of scientists,
avoid the application of explicit management in their pro-
jects [193]. There is an opportunity for research to investi-
gate how to support explicit management in distance col-
laborations that typically reject this type of administration.

6.3 Configuration

Like O’Leary et al. [188], in this paper, configuration is sub-
divided into three dimensions: site, imbalance, and isola-
tion. Site dispersion is best characterized as the degree to
which collaborators are at distinct geographic locations
[187]. There is an inverse relationship between the number
of sites and project success [50, 51, 133]. High site disper-
sion is associated with higher amounts of faultlines (i.e.,
theoretical divisions within a group that create subgroups)
which damage team collaboration [47, 210]. Specifically,
faultlines escalate polarization, subgrouping, and the
effect of causing collaborators in other locations to feel
more distant [47]. Having a large number of sites, in par-
ticular, increases the odds that differences in demograph-
ics will create these divisions [47]. Additionally, greater
numbers of sites predict fewer coordination activities and
decreased outcomes [133]. Knowledge sharing decreases
[40, 83] and the cost of managing team goals increases
[97] as the number of sites increases.

Imbalance refers to the proportion of collaborators dis-
persed across a set of sites and can have negative effects
on collaboration, such as conflicts between large and
small sites [8]. For example, imbalanced teams often have
unequal amounts of contribution towards shared team
tasks [188]. Furthermore, levels of conflict and trust dif-
fer between imbalanced and balanced teams [188, 210].
In particular, larger subgroups in imbalanced teams feel
stronger effects from faultlines on conflict and trust [210].
However, it is unclear what the ramifications are of these
differences in trust and conflict [188, 210], presenting an
opportunity for research.

Imbalanced teams consisting of one isolated collabora-
tor working with a co-located team function differently
than highly dispersed, balanced teams [188]. For instance,
communication in these imbalanced teams is different
because the co-located team members communicate both
face-to-face and electronically with each other, but, in the
absence of travel, only communicate electronically with
the isolated team member [231]. This disparity in commu-
nication methods impedes informal interaction and spon-
taneous communication [45]. This also has a unique effect
on communication where the co-located team feels com-
pelled to communicate with those isolated collaborators

more frequently to make up for this difference [188]. Also,
isolated members tend to contribute more frequently than
their co-located counterparts because they feel as though
they need to‘speak up’and be ‘heard’ over the co-located
team [141, 188].

Furthermore, isolation negatively affects a worker’s
awareness of collaborator’s activities [187]. Isolated work-
ers are also more likely to feel the effects of a lack of moti-
vational sense of the presence of others [193]. These iso-
lated workers identify less with the team and feel less like
they are part of the group, leading to a feeling of distance
from the rest of the team [45], which translates to feel-
ing differently about group processes and outcomes [27].
Furthermore, isolation and feelings of alienation can have
a negative effect on relationships among workers in geo-
graphically dispersed virtual teams, increasing the likeli-
hood of feeling discomfort and reducing the likelihood of
trusting team members that they do not know well [67].

Configurationally imbalanced teams (i.e., teams that
have an uneven distribution of members across sites)
tend to have lower identification with teammates and
higher levels of conflict [188]. Conflict can be reduced by
a shared sense of team identity [108, 179], meaning that
fostering this sense of identification with the team can
mitigate both problems. Since team identification can be
built via face-to-face communication [54]; we posit that in
the absence of face-to-face communication, imbalanced
teams should make use of CMC technologies that facilitate
nuanced expression, such as video conferencing tools.

6.4 Group composition

The diversity of a team encompasses several factors that
correlate with a set of challenges that greatly affect vir-
tual teams. This section will focus on the issues of common
ground, socio-cultural distance, and work culture. In the
process, this section will discuss the remaining challenges
identified by Olson and Olson [191, 193], (continued from
Sect. 5): common ground, the competitive/cooperative
culture, and alignment of incentives and goals.

6.4.1 Common ground

Distance collaboration becomes easier if team members
have common ground (i.e., have worked together before
[54], have shared past experiences [54], vocabulary [191],
or mental models [168] etc.) since it allows them to com-
municate via technology without requiring frequent
clarification [193]. This challenge is also referred to as the
‘mutual knowledge problem’[46]. The concept of mutual
knowledge between teammates is based on the idea of
‘grounding’in communication [43], which is done by both
communicating and confirming understanding using
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words or body language [43]. Schmidtke and Cummings
[226] found that as virtualness increases in a team, mental
models become more complex, which negatively affects
teamwork. They also found that as virtualness increases,
similarity and accuracy of mental models decreases [226].
Accuracy and similarity play vital roles in reducing the
negative effect of complexity on teamwork behaviors
[226]. Fortunately, specialized training can increase mental
model accuracy [226].

As virtual teams rely more on computer mediated com-
munication, temporal stability (i.e. “the degree to which
team members have a history of working together in the
past and an expectation of working together in the future”
[115]) more strongly influences teamwork [223]. High tem-
poral stability is associated with positive team outcomes
related to related to adaptation, learning, innovation, and
performance, as well as satisfaction and identification with
the team [223]. In addition to this, the extent to which
virtual team members share common goals is critical in
determining the success of the team [42, 230]. For this
reason, team leaders should ensure that team members
commit to the task and common goals [10].

Research [168] has shown that it is more difficult for vir-
tual teams that are geographically dispersed to develop a
shared mental model. In particular, the process of ground-
ing is made more difficult when there is a higher risk of
misinterpretation, such as in the presence of multiple cul-
tural practices and languages [191].The significant amount
of time required to establish common conceptual frame-
works and personal relationships can pose a significant
constraint on collaboration in virtual teams [54].

The consequences of lack of common ground are pri-
marily difficulty building trust [123, 202, 273] and difficul-
ties associated with communication. Lack of common
ground can limit the ability to communicate about and
retain contextual information about teammates located
at other sites, including their teammates situation and
constraints, especially as the number of sites increases, in
turn hindering their collaborative interactions and perfor-
mance [46, 230]. This contextual information includes, but
is not limited to, local holidays and custom:s, site-specific
processes and standards, competing responsibilities, and
pressure from supervisors and teammates [46]. Common
ground is also necessary to understand which messages
or parts of messages are the most salient, which is par-
ticularly problematic because there may be restricted
feedback [46]. The lack of common ground can also cre-
ate problems interpreting the meaning of silence, which
makes it difficult to know when a decision has been made
[46]. Furthermore, lack of common ground can result in
an uneven distribution of information and differences in
speed of access to that information, which causes team-
mates at different sites to have different information and
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creates misunderstandings that are nontrivial to rectify
[46].

Thus, the establishment of common ground is of utmost
importance to virtual teams.

6.4.2 Socio-cultural distance

Socio-cultural distance has been defined as a measure-
ment of a team member’s perception of their teammate’s
values and usual practices [2]. This concept encompasses
national culture and language, politics, and the motiva-
tions and work values of an individual [2]. It is known that
geographically distributed collaborations are more socio-
culturally diverse than co-located ones [179] because
distance typically increases demographic heterogeneity
(especially racial or ethnic heterogeneity) [107]. Members
of a virtual team with different cultural backgrounds are
likely to have different behaviors within the teams, includ-
ing how they interact with their teammates [123]. For this
and other reasons, virtual team’s cultural composition is
the key predictor of the team’s performance [242].

Cultural differences go beyond national differences.
There is a tendency for researchers studying cross-cultural
organizational behavior to focus on national issues or use
nation as a substitute for cultural values [245]. However,
nation is not the only meaningful source of culture [84,
149]. In addition to this, there may be multiple subcul-
tures within a nation and the national culture may not
be completely shared [135]. In fact, variation of cultural
values within a country may be higher than variation
between countries [114]. Therefore, a virtual team with
high national diversity may not necessarily be culturally
diverse [86].

Prior research has identified three levels of diversity:
surface-level, deep-level, and functional-level [99, 177].
Surface-level diversity is primarily observable differences
such as race, age, and sex, while deep-level diversity is
comprised of more subtle differences in personal charac-
teristics such as attitudes, beliefs, and values, which are
communicated through interaction between team mem-
bers and information gathering [177]. Functional-level
diversity, in contrast, refers to the degree to which team
members have vary in knowledge, information, expertise,
and skills [10].

The individualism-collectivism dichotomy is a ‘major
dimension of cultural variability’ [112] that contributes
to high socio-cultural distance. Socio-cultural distance is
associated with higher levels of conflict as well as lower
levels of satisfaction and cohesion [238] and has a pro-
found impact on team performance [70]. Hardin et al.
[98] found that the individualistic-collectivist dichotomy
results in some cultures being more open to working in
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geographically dispersed environments due to their levels
of self-efficacy beliefs about virtual teamwork.

Collectivist cultures place the needs, beliefs, and goals
of the team over the those of an individual [94, 112].
Virtual teams characterized by collectivist culture are
less likely to use CMC technologies [143]. When they do
choose to adopt CMC technologies, collectivist teams tend
to choose synchronous methods that provide high rela-
tionship-related informational value [143]. Informational
value in this context refers to the extent to which CMC
technologies convey information benefits team effective-
ness [143]. Virtual teams that favor in-group members and
accept perceptions of inequality are said to be character-
ized by “vertical collectivism”[254]. These teams are less
likely to rely on CMC technologies, and are more likely to
accept varying forms of informational value [143]. They are
also more likely to employ asynchronous methods [143].
In contrast, teams that perceive equality amongst team
members regardless of their role within the organization
experience “horizontal collectivism” [253]. In this case,
members of the team view themselves as being part of
a collective and treat all team members as equal. [253].
While these teams are also likely to limit reliance on CMC
technologies, they tend to require higher informational
values and prefer synchronous methods [143].

In contrast to collectivist cultures, individualist cultures
place the needs, beliefs, and goals of the individual over
the those of an team [112]. Virtual teams with high lev-
els of individualism are more likely to use CMC technolo-
gies, especially those that are high in task-related infor-
mational value, and tend to work asynchronously [143]
Furthermore, team members from individualist cultures
tend to communicate more openly and precisely [112,
113] and are more willing to respond to‘ambiguous mes-
sages’'[94], which is considered to be an indicator of trust
[203]. This observation indicates that team members from
individualistic cultures may be more ready to trust other
teammates when communicating via technology than
team members from collectivist cultures [123]. Thus, the
issues and recommendations regarding technology and
trust are applicable.

Teams with members that prioritize their own intrinsic
and extrinsic goals while also favoring status differences
are said to be“vertically individualistic”[156]. These teams
are characterized by competitive members that are moti-
vated to “win” [156]. In addition, while these individuals
tend to belong to more in-groups than collectivists, they
are not very emotionally connected to these groups [181].
Virtual teams with high levels of vertical individualism are
more likely to adopt CMC technologies, tolerate vary-
ing forms of informational value, and will use asynchro-
nous methods when required by superiors than teams
characterized by horizontal individualism or any type of

collectivism [143]. Team members with horizontal individ-
ualistic orientation prioritize their own self-interest while
also viewing their teammates as equals [143]. Virtual teams
with high levels of horizontal individualism are more likely
to adopt CMC technologies, tend to require higher infor-
mational value, and will use synchronous methods when
required by superiors as opposed to teams characterized
by vertical individualism or any type of collectivism [143].

Socio-cultural diversity can also be characterized by
the temporal orientation of their goals. Teams that focus
upon the future and are willing to delay success or grati-
fication for the purposes of future gain have a“long-term
orientation” culture [143]. Cultures with long-term orien-
tation tend to value perseverance, persistence, and focus
on future-oriented goals [143]. In contrast, cultures char-
acterized by “short-term orientation” are focused on the
immediate needs of their teams with little consideration
of the impact of their decisions on the future [143]. Virtual
teams defined by long-term orientation are more likely to
adopt asynchronous tools with high informational value
and tend to be slower to rely on CMC technologies than
short-term orientated teams, which prefer synchronous
tools with low informational value [143].

Cultures can also be characterized by the amount of
contextualizing is performed by an individual during
communication [95]. For example, Japan, a high-context
culture, relies more on the use of indirect communica-
tion via contextual cues (e.g., body language) to convey
information [139]. Contextualization also affects choice of
CMC technologies. High-context teams tend not to rely
on CMC technologies and will prefer tools that high high
informational value [143]. Low-context teams, in contrast,
will rely on CMC technologies and will prefer those with
low informational value [143].

Virtual teams are also affected by the levels of affec-
tiveness/neutrality present in their culture. Affectiveness
in this context refers to the amount of emotion that indi-
viduals usually express when they communicate [143].
For example, individuals from affective cultures such as
Italy commonly exhibit their emotions publicly. [143]. In
addition, individuals from affective cultures often feel that
more neutral cultures (e.g., Japan) are more intentionally
deceitful because they tend to hold back on their emo-
tions [240]. Affective teams will be less likely to rely on
CMC technologies and will prefer ones with high informa-
tional value [143]. In contrast, teams with neutral cultures
will highly rely on CMC technologies and will prefer tools
with low informational value [143].

Other types of socio-cultural diversity influence the
performance of virtual team. For example, heterogeneity
in the extent to which gender roles are traditional is posi-
tively related to team performance [70]. In a similar vein,
heterogeneity in the extent to which there is discomfort

SN Applied Sciences

A SPRINGER NATURE journal



Research Article SN Applied Sciences

(2020) 2:1096

| https://doi.org/10.1007/s42452-020-2801-5

with the unknown has a positive effect on issue-based
conflict [70]. Uncertainty avoidance also affects tool use
in virtual teams. Teams that have high amounts of uncer-
tainty avoidance are more likely to use a synchronous
CMC technology with high informational value. In con-
trast, teams with low uncertainty avoidance are unlikely
to have a preference [143]. In addition to this, the degree
of inequality that exists among members of virtual teams
has an affect on the tools chosen for communication [143].
Teams with a high degree of inequality (i.e., high power
distance) are more likely to use synchronous tools while
teams with a low degree of inequality (i.g., low power
distance) will prefer asynchronous tools [143]. Specificity
also plays a role in virtual team performance. Someone
from a specific culture (e.g., the United Kingdom) is more
likely to view their coworkers as people with whom they
only have a business relationship with, [87]. In contrast,
more diffuse cultures (e.g., China) are more likely to view
their teammates as friends and include them in their social
lives [143]. This affects the choice communication meth-
ods employed by the team as teams characterized by high
specificity are more likely to rely on CMC technologies
than diffuse teams [143].

High socio-cultural distance is the cause of several
types of collaboration problems. For example, high socio-
cultural distance reduces communication and increases
risk [2] caused by relationship breakdowns between dis-
tributed teams [250] and results in more processes chal-
lenges and lower team performance [86]. Socio-cultural
distance also tends to worsen the way leaders sense, inter-
pret, and respond to problems [271]. Cultural heterogene-
ity also tends to result in divergent subgroup identification
[68] that may subsequently have a negative effect on team
interactions and performance [67]. Furthermore, in accord-
ance with similarity/attraction theory, team members
attribute positive traits to team members that they believe
are similar to themselves and prefer to interact with them
[216, 255]. Negative traits are thus associated with team-
mates that they believe are dissimilar from them and
sometimes actively avoid interactions with those team-
mates [24]. As a result, the belief that others are different
in terms of education, race, and attitudes (i.e., perceived
diversity) is frequently associated with the negative con-
sequences of team heterogeneity [100], such as unwilling-
ness to cooperate and coordinate activities [56, 117, 148].

Furthermore, teams with high socio-cultural distance
are more likely to have issues with integration and com-
munication and have more conflict [269]. Both task and
affective conflict are increased as a result of the differences
in perspectives and approaches related to work, which
further exacerbates differences in expectations, attitudes,
and beliefs [195, 204]. These differences in belief structures
are particularly common in heterogeneous groups (i.e.,
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groups with high socio-cultural distance) [268] which, in
turn, increases conflict due to differences in interpreta-
tions and opinions of work processes [205]. Thus, there is a
vicious cycle between differences in belief and intra-group
conflict that is detrimental to collaboration.

The most commonly experienced problems correlat-
ing with socio-cultural distance are difficulties associated
with diversity in language preferences, proficiency, and
interpretation, which can create barriers for many pro-
jects [116], such as requiring increased effort [74, 170, 183].
This challenge is not just a matter of different languages,
even native speakers of one language may have problems
because of differences in dialects and local accents [33]. In
many global collaborations, some (if not all) of the collabo-
rators only speak English as a second language [132,219].
This situation causes problems when collaborators need to
synchronously communicate via teleconferencing—these
team members can become overwhelmed with trying to
keep up with the conversation [132, 219]. Furthermore,
this language-based disadvantage can cause non-native
speakers of the dominant language to feel alienated and
as though they have a disadvantage when speaking [219].
Prior work has also shown that virtual teams whose mem-
bers have different first languages have more conflict and
lower levels of satisfaction and cohesion [238].

Misunderstandings can occur even in cases where all
collaborators are fluent in a language if there are other
differences in culture—a seemingly harmless joke could
have a massively detrimental impact on the success of
a project if it is misunderstood as an insult [250]. Olson
and Olson observed one such misunderstanding where
team members in the United States ended a video con-
ference without expressing a ‘proper farewell’ to a Euro-
pean teammate [191]. In this case, the curtness was due
to pressure on the American team, who were unaware of
the cultural expectations regarding farewells, to cut costs
by conducting short video conferences [191]. The Euro-
pean team, however, was unaware of this pressure and
perceived the lack of a proper farewell as an insult [191].
Also, conflicts can arise when teammates from a culture
where saying‘no’is considered impolite (even when saying
‘yes'is a problematic answer) interact with teammates who
do not share this compunction [116]. Treinen and Miller-
Frost encountered an instance where collaborators from
one culture did not ask many questions of their teammates
and instead affirmed that they had a clear understanding
of requirements, but were in reality too polite to express
concerns [250]. In this situation, the other collaborators
were unaware of this cultural difference and did not realize
that their questions should not have formulated as‘yes or
no, but rather should have elicited responses that indi-
cated understanding.
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Other types of socio-cultural differences such as those
caused by religion, generation, and doing orientation,
can also affect virtual team success. Religious differences,
for example, can make it difficult for team members to
understand each others norms and traditions, which has
a negative influence on collaboration [221]. Generational
differences can affect how a team member responds to
collaborating via CMC technology because not every has
the high levels of technical expertise that makes them a
“digital native” [129]. Finally, differences in the extent to
which work is valued as a central life interest (i.e., “doing
orientation”) is negatively linked to productivity [135].
However, differences in the extent to which team mem-
bers have a sense of personal control over their work and
life events are positively linked to team productivity, coop-
eration, and empowerment [135].

A review of literature reviews and meta-analyses sug-
gests that the “main-effects” approach, where researchers
focus on relationships between outcomes and diversity
dimensions, ignoring moderating variables, cannot truly
account for the effects of diversity [86]. The effect of socio-
cultural diversity depends on other features of the team
[272], such as how long members have interacted, the
types of diversity investigated, and the types of outcomes
under scrutiny [86]. High task complexity, high tenure,
large team size, and low levels of geographic dispersion
are found to moderate the effects of socio-cultural diver-
sity on virtual teams [237]. Experience with CMC technol-
ogy can also moderate socio-cultural diversity; high het-
erogeneity in technical experience heightens the negative
effect that differences in nationality has on creativity [164].
Socio-economic variables (e.g., human development index
(HDI)) has a significant impact on a country’s scientific pro-
duction and collaboration patterns [118, 152, 199]. Kramer
et al. found that socioeconomic similarities and economic
agreements between countries have contributed to
increased collaboration in the scientific field [143], which
is likely to be virtual. The phase in which a virtual team is at
in the project life-cycle affects assessment of team perfor-
mance in culturally diverse teams. Culturally heterogene-
ous virtual teams will outperform culturally homogeneous
teams during the later part of the project life-cycle [264].
This is likely a result of teams becoming more homogene-
ous over time as shared team values, associated norms,
and identity enables the team to overcome process chal-
lenges that occur when team members encounter cultural
differences [86, 264].

Computer-mediated communication technology (e.g.,
email, video-conferencing) can reduce the negative effects
of socio-cultural diversity early on in the life of a diverse
virtual team due to their reductive capabilities [32]. In
fact, use of these tools may even be beneficial for diverse
teams for this reason [32]. Many issues regarding language

barriers are surmounted by the use of asynchronous tech-
nology that allows workers to reflect and carefully consider
their position before answering a question posed by a col-
laborator that primarily speaks another language [2, 116].
These benefits result in the heavier use of asynchronous
tools, which introduces the disadvantages of asynchro-
nous tools (e.g., increased time and effort to effectively
communicate, absence of important social information
and nonverbal cues) [2]. Furthermore, asynchronous
communication is not feasible in every situation. And, as
discussed above, language barriers can cause problems
during synchronous communication. Thus, developing
technology that better supports synchronous communica-
tion across a language barrier is a promising opportunity
for research in supporting collaboration.

Contradictions exist in the literature with regard to the
effect of socio-cultural diversity on team performance.
Edwards and Shridhar [66], for example, found no rela-
tionship between a team’s socio-cultural diversity and
the learning, satisfaction, or performance of its members.
Other research has suggested that socio-cultural diversity
is unrelated to conflict [108]. Finally, Weijen found that
whether or not members of a virtual team spoke English
(specifically) did not have an influence on international
collaboration, likely due to the pervasiveness of English as
the default language for many international journals and
indexed databases [259].

It is also recommended that the addition of basic cul-
tural awareness [250] and language training [120] be
incorporated into the beginning of every project to miti-
gate these issues before they become major problems.
One specific suggestion is to employ some of the guide-
lines from agile development methodology (i.e., Scrum),
such as daily status meetings, to mitigate the effect of
assumptions by providing an opportunity to address
issues or questions during the hand-off and allocation of
tasks [250]. Given the plethora of tools developed for sup-
porting Scrum (e.g., [209, 229, 251]), it would be interest-
ing to see how these tools could be adapted to smooth
over collaboration issues arising from cultural differences.

6.4.3 Work culture

Socio-cultural distance can be highly influenced by the
work culture dimension. For example, there may be con-
flicts from high socio-cultural distance between two team-
mates from the same country that come from very differ-
ent company backgrounds [8], while the opposite may
be true of teammates with different cultural and national
backgrounds who share a common work culture [2]. The
success of a virtual team can hinge on factors such as dif-
ferences in understanding with regards to processes and
knowledge, institutional bureaucracy, status differences
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between team members, unworkable expectations rea-
garding shared goals and products, and conflicting or
competing institutional priorities [54]. Power asymmetries
in particular can create systemic bariers that need to be
explicitly navigated (as opposed to expecting perfect
process design will resolve them) [54]. While differences
in work culture have the potential for stimulating innova-
tion, proving access to richer skill sets, and sharing best
practices, it also has the potential to cause misunderstand-
ings [2] and communication breakdowns [14] between
teammates. This influence is partly due to the difficulties
associated with communicating subtl aspects of the team
culture over distance (e.g.,'how we do things around here’
[8]). For example, differences in the competitive or coop-
erative culture of a workplace can pose challenges [191].
Workers are less likely to be motivated to share their skills
or ‘cover for each other (p. 1)"in organizations or cultures
that promote individual competition rather than coop-
eration. In contrast, cooperative cultures facilitate sharing
skills and effort. This issue is particularly difficult to over-
come in virtual teams.

Other differences in organizational structure and lead-
ership can have a profound impact on successful collabo-
ration in distributed groups. The characteristics of author-
ity and authoritative roles vary across cultures [8, 145]
which can cause conflicts and undermine morale [2]. For
example, [33] observed that in a collaboration between
teams located in Ireland and the United States, the Irish
workers required that authority figures earn their respect
while the American workers were more likely to unques-
tioningly give respect to superiors. Another study that
focused on a collaboration between teams in the United
States and Europe had contrasting results [8]. Instead of
the unquestioned respect found by Casey and Richardson,
[8] saw that American workers were more confrontational
with their superiors and verbally expressed objections and
questions while the European teams had a more formal,
hierarchical management structure. These differences
indicate that support for differing work cultures needs
to focus on the needs and conventions of the individual
organizations and refrain from imposing standards based
solely on the country in which the organization resides.
The degree to which an organization allows autonomous
decision-making afects relationships and behaviors
between teammates and can inpact things like readiness
to use technology in the collaboration or willingness to
exchange knowledge [166, 180].

Teams can also vary in their goals, norms, and incen-
tives. A lack of alignment of incentives and goals as well as
differences in expectations can pose very serious problems
for a collaboration [191]. These misalignment’s are difficult
to detect at a distance and require substantial negotia-
tion to overcome [191], which is nontrivial using today’s
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technology. For example, collaborators may have different
perceptions of time as a result of temporal discontinuities
caused by differences in time zones, which may further
reflect differences in the value systems of collaborators
at each site [222]. Tensions may arise between workers at
an American site that views time as a scarce commodity
and perceives time as being something that can be spent,
wasted, or lost, and collaborators at a Japanese site that
view time as a cyclical, recurrent entity that is in unlim-
ited supply [222]. Along with this finding comes different
expectations with regards to how many hours a day team
members are expected to work, or differing definitions
of what it means to work hard [14], which often varies
between countries [22]. These differences in expectations
are particularly problematic when one team expects that
another work more hours than they previously had been
working [14]. Building a sense of shared goals and expec-
tations happens more slowly in distributed groups [8], a
process that could likely be assisted by the development
of new communication technology. In addition, compet-
ing incentives can undermine a team’s performance [54].

Competitive funding models may affect willingness to
collaborate and disincentivize team members to share
skills, knowledge, and unpublished data [247]. For exam-
ple, for the Collaborative Adaptation Research Initiative in
Africa and Asia project, the core partners each created an
individual grant agreement with the International Devel-
opment Research Centre [54]. However, while the expecta-
tion was that partners would collaborate with each other,
the partners were disincentivized to collaborate due to the
individual grant agreements since the partners reported
individually to the funding agency, rather than collectively
[54]. Unfortunately, it is frequently unrealistic to expect
these dynamics to resolve themselves in a short period of
time and shift into an open and trusting relationship [54].

Expectations can be strongly influenced by the lan-
guage used by different groups (e.g., ‘test procedure,
‘phase completion’) within a virtual team, sometimes cre-
ating animosity [8]. Language is further associated with
methodology—for example, disparities in definitions of
quality can be reflected in different assessment proce-
dures [8]. Misunderstandings caused by differences in
work practices and methodologies can affect coordina-
tion and cooperation [2], causing delays and conflicts [8].
In these situations, a common technical language must
be developed to ensure understanding, which can be an
extremely difficult task [15, 122, 172, 252]. This need pro-
vides an opportunity for the development of technology
to assist the creation and use of project-specific technical
language.

In addition to differences in technical language, vari-
ous groups within a virtual team may have different
backgrounds that need to be reconciled, as different
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organizations within a group may have different expertise
and experience that create incompatible views [55]. This
issue is often unavoidable since one group may have spe-
cific knowledge necessary for the project to succeed [120].
Furthermore, differences in discipline and background
have a stronger effect for distributed collaborations [211].
However, there are inconsistencies in the literature with
regards to the effects of discipline on collaboration. Cum-
mings and Kiesler, for example, found that field hetero-
geneity has a positive effect on distributed project suc-
cess [50]. Specifically, they showed that projects including
many disciplines had disclosed as many positive outcomes
as did projects that involved fewer. However, in an earlier
study, they found that projects incorporating many dis-
ciplines were less successful than projects that relied on
fewer disciplines [133]. Thus, it is uncertain as to which
conclusion is accurate, presenting open questions.

The way that administrative communication is man-
aged [250] and tasks are allocated can play a big role [8] in
the success of a virtual team. For example, a project man-
ager could assign tasks differently and adjust the way that
he or she communicates with management in accordance
with the team’s culture and nationality [8]. Collaborations
can further benefit from creating structured understand-
ings about how to best work together by establishing
expectations and definitions to undercut assumptions
[8]. The challenge then becomes finding ways to develop
technology that supports these structures while still facili-
tating innovation, ingenuity, and ‘rapid response to organi-
zational threats or opportunities’ [64]. However, there
are also inconsistencies between studies exploring the
effects of work culture on collaboration. While Walsh and
Maloney [261] stated that remote collaborations did not
experience more work culture problems than co-located
teams, McDonough et al. [170] found that differences in
work culture and practices resulted in management prob-
lems in virtual teams. This disparity presents another open
question.

7 Summary of findings and open questions

In this literature review, the major factors and challenges
that impact collaboration in virtual teams were identified.
Section 5 discussed distance factors (geographical, tem-
poral, and perceived distance) and their associated chal-
lenges, including reduced motivation and awareness and
difficulty establishing trust. In addition, barriers to informal
and face-to-face communication, particularly the team’s
technical competence and access to the appropriate tech-
nical infrastructure as well as prevalence of intra-team
conflict were reviewed. Additional factors that particu-
larly affect distance collaborations were outlined in Sect. 6,

namely the nature or coupling of the work, the need for
explicit management, the configuration of dispersed sites
and intra-team diversity along the dimensions of com-
mon ground, socio-cultural distance, and work culture.
Several open questions and directions for future research
were identified in the process of conducting the review;
these are divided into questions of theory, questions of
technology, and recommendations for future research.
These findings are used to create design implications for
the development of groupware targeted towards virtual
teams later in Sect. 8.

7.1 Questions of theory
7.1.1 Should future research pursue ‘awareness’?

There is currently disagreement within the community as
to whether or not‘awareness’should be taken as a concep-
tual approach to investigating collaboration challenges.
Critics of‘awareness’ describe the term as‘ambiguous and
unsatisfactory’[224] and point towards it's tendency to be
paired with an adjective (e.g., ‘passive awareness’ [62]) in
an attempt to lend some specificity [224]. Despite this, the
awareness approach is still a commonly explored method
[7, 134], which suggests that there is a research opportu-
nity to address this controversy.

7.1.2 Are coordination costs higher in teams that are
temporally distributed?

There is also a lack of consensus within the community
as to whether coordination costs are higher in teams that
are temporally distributed. For example, while Espinosa
and Carmel [73] state that coordination costs are reduced
when team members are not working concurrently
because no direct coordination takes place when the two
teammates are not working at the same time, Agerfalk
etal.[2] and Battin et al. [11] assert that temporal distance
significantly increases the cost and effort of coordination
due to the added difficulties of dividing work across mul-
tiple time zones.

7.1.3 How do the disparities in levels of conflict and trust
between balanced and imbalanced teams affect
collaboration?

As previously discussed, levels of conflict and trust differ
between balanced and imbalanced teams [188, 210]. Spe-
cifically, subgroups in balanced teams experience weaker
effects from faultlines on conflict and trust than large sub-
groups in imbalanced teams [210]. However, the ramifi-
cations are of these differences in trust and conflict are
unknown, suggesting an opportunity for research.
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7.1.4 Does tightly coupled work have a negative
or a positive effect on collaboration?

Several studies [72, 191, 193] suggest that that tightly
coupled work hinders distance collaboration. However,
[15] found that tightly coupled work required collabo-
rators to frequently interact to do their work and, as a
result, forced these collaborators to know more about
each other, help each other, and cultivate strong engage-
ment despite being at geographically distant sites—which
actually helps distance collaboration. Given the contrast
between these conclusions, there is an opportunity for fur-
ther research to investigate the effects of tightly coupled
work, particularly in domains other than global software
development.

7.1.5 What effect does geographic dispersion have on task
and affective conflict?

Contradictions exist in the current literature as to the effect
of geographic distance on affective and task-based con-
flict. Specifically, [179] found no significant difference in
affective and task-based conflict between co-located and
distributed teams. This, however, is in direct conflict with
their later work [108]. These contradictions are particularly
interesting given that the participants in both studies did
research and product development, and are therefore
directly comparable. It is therefore uncertain as to which
conclusion is accurate.

7.1.6 Does background heterogeneity have a positive
or a negative effect on collaboration?

This question is also currently unresolved, given the con-
tradictions in literature. In 2002, Kiesler and Cummings
found that projects incorporating many disciplines were
less successful than projects that relied on fewer disci-
plines [133]. However, later they found that field hetero-
geneity has a positive effect on distributed project success
[50].

7.1.7 Do virtual teams encounter more work-culture
related problems than co-located teams?

This is yet another example of the community’s lack of
consensus on issues surrounding collaboration. For exam-
ple, while McDonough et al. [170] found that differences
in work culture and practices resulted in management
problems in virtual teams, Walsh and Maloney [261] stated
that remote collaborations did not experience more work
culture problems than co-located teams.
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7.2 Questions of technology

7.2.1 How can we better support communication
in temporally distant work?

Due to the differences in work schedule caused by dif-
ferences in time zones, particularly when sites do not
have overlapping workdays, distance workers rely on
asynchronous technology (e.g., email, fax) to communi-
cate with their collaborators. However, this method has
several drawbacks. Asynchronous tools tend to increase
the amount of time that a collaborator has to wait for
a response [2] and can leave the recipient feeling over-
whelmed by the number of asynchronous messages left
during the previous night [19]. Moreover, the process of
writing ideas in emails increases the risk of misunderstand-
ings between collaborators [57] over talking in person or
via the telephone.

7.2.2 How can we better support informal communication?

There is an additional challenge associated with commu-
nication technology in that there is insufficient support
for determining a collaborator’s availability for spur-of-
the-moment, informal communication [101]. This draw-
back, in particular, hampers informal communication that
would otherwise happen during chance encounters in a
co-located environment.

7.2.3 How can we design technology to assist
in the development of trust?

Research shows that body language, subtle voice inflec-
tions, facial expressions, etc., which are notably more
difficult to convey via communication technology, are
essential to the development of trust [20, 193]. Further-
more, communication technology is frequently used in an
irregular, unpredictable, and inequitable manner, which
hampers trust [123]. As a result, it is clear that current tech-
nology needs to be updated to better assist the develop-
ment of trust in distance collaborations.

7.2.4 How do we support explicit management in teams
that reject formal administration?

Explicit management is necessary for successful distrib-
uted, collaborative work [193]. However, some particular
types of collaboration, such as research collaborations
consisting mainly of scientists, avoid the application of
explicit management in their projects [193].
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7.2.5 How can we support synchronous communication
across language barriers?

Language barriers are of significant concern in collabo-
rations where collaborators have different socio-cultural
backgrounds (i.e., speak different languages) [116] or dif-
ferent work backgrounds (i.e., use different jargon) [8]. In
these cases, asynchronous communication allows col-
laborators to reflect before responding to each other, giv-
ing them a chance to look up unfamiliar terminology or
become familiar with new ideas. However, asynchronous
communication has several drawbacks, as mentioned ear-
lier, and is not feasible in every situation.

7.2.6 How do we develop technology that supports
structures for negotiating terminologies
and methodologies while still facilitating flexibility?

Along with the issue of surmounting technical language
barriers in synchronous communication comes the need
to create and use a common technical language to ensure
understanding in meaning and methodology. The devel-
opment of a project-specific technical language is not an
easy task [17, 55, 172, 252], but is important enough to
collaboration to warrant assistance from technology. It is
also important to ensure that this technology is flexible
enough to withstand changes that may be made to the
project.

7.2.7 How can we leverage existing tools developed
for supporting Scrum to mitigate problems caused
by cultural differences?

It has been suggested that distance collaborations employ
guidelines from agile development methodology, such as
daily status meetings, to mitigate the effect of incorrect
assumptions caused by socio-cultural or work culture dif-
ferences. The existence of a vast number of tools devel-
oped specifically to assist Scrum (e.g., [209, 229, 251])
presents an opportunity to investigate how these tech-
nologies can be adapted to mitigate collaboration issues
arising from cultural differences.

7.2.8 How can we design communication technology
to support building a sense of shared goals
and expectations?

Variances between times with regards to goals, norms,
incentives, and expectations can pose very serious prob-
lems for a collaboration [191]. Overcoming these differ-
ences by building a sense of universal goals and stand-
ards is a slow, but vital, process for distributed groups
[53]. Furthermore, these types of misalignments are hard

to recognize in distance collaborations and require sub-
stantial negotiation to overcome [191], which is nontrivial
given the limitations of today’s technology

7.3 Recommendations for future research

Siebdrat et al found that perceived distance was more
strongly affected by a team’s national heterogeneity than
by their spatio-temporal distance, and subsequently
asserted that perceived distance is more indicative of col-
laboration challenges than spatio-temporal distance [231].
However, other work has demonstrated that distance
can affect collaborators that are all in the same country
at a single site [4], with low national heterogeneity and
low spatio-temporal distance. Despite this, it is unclear
whether perceived distance was high or low in this case
due to the context of the study. Given the apparent influ-
ence of distance on collaboration, whether it is perceived,
temporal, or spatial, it is therefore important to gain a bet-
ter understanding of the relationship between these types
of distance and their effects on collaboration.

8 Implications for design

This section uses the findings of this LR to address the
final question, Research Question 2: How can we design
technology for supporting virtual teams? To do so, the
following four design implications for the development
of groupware that supports collaboration in virtual teams
are outlined.

8.1 Assist creation of common ground and work
standards

Virtual teams consisting of workers with different exper-
tise and organizational backgrounds require conversations
about project-specific technical language, methodologies,
and best practices. Technology should expedite and doc-
ument these conversations and decisions to both create
and facilitate the everyday use of technical language. Fur-
thermore, since systems often incorrectly assume a shared
knowledge of information [1] as recommended by [192],
systems should document in a manner that allows users to
search for abstract representations of information. More-
over, since methodologies, best practices, and technical
language tend to evolve over time, this technology needs
to also support the resulting negotiation and discussion
processes, as opposed to only facilitating the initial deci-
sion-making process.
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8.2 Facilitate communication

Both rich discourse (i.e., containing social information
and nonverbal cues as well as words, typically pro-
vided by face-to-face communication), and sponta-
neous, informal communication have been identified
as key to preventing conflict and improving trust in
virtual teams. Thus, it is imperative that technology is
designed to provide the benefits of face-to-face con-
versations (e.g., video conferencing), such as ease in
immediately detecting confusion. This is important not
only for synchronous communication but also asyn-
chronous conversations since those are the most likely
to have misunderstandings that could be mitigated
with additional non-verbal information. Mechanisms
for supporting informal communication (e.g., chance
encounters) is similarly necessary. In addition, given
the difficulties experienced by virtual teams where
workers are required to speak in a language that is
not native to them, it is important to consider means
for supporting synchronous communication across
language barriers.

8.3 Provide mechanisms for work transparency

One of the key challenges faced by virtual teams is feel-
ing a sense of connectedness to the rest of the team.
This is both due to the motivational effects of not
feeling isolated and the increased effort required to
feel heard and acknowledged by the rest of the team
located at another site. Thus, technology should be
designed to provide transparency that allows work-
ers to feel aware of their teammates, Furthermore, this
technology should highlight and encourage the con-
tributions of an individual and boost visibility within
the team.

However, technology that promotes transparency,
particularly technology that creates the sense of a
shared workspace through open video connections,
should be wary of infringing on the privacy of the
team since the more information a person sends, the
greater the impact on one’s privacy [119]. Further-
more, the more information a person receives, the
greater the chance of disturbing work [119]. Thus, it
is important to reach a good balance between pro-
viding awareness and preserving privacy and limiting
distractions.

8.4 Design lightweight, familiar technology

Technical infrastructure varies across organizations—
teams may not have the resources to support data-heavy
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communication tools, limiting their access to sophisti-
cated collaboration technology (e.g., multiplane video
conferencing). Furthermore, infrastructure may even
vary within a virtual team, limiting tool use for the entire
group since it is important that communication capa-
bilities be evenly distributed [193]. Thus, care should
be taken to engineer technology that is as lightweight
as possible, maximizing the number of potential users.
Virtual teams also face challenges related to the tech-
nical competence of their team members. It is there-
fore recommended that designers create technology
with enough similarities to the technology currently
employed by the team to facilitate adoption. New tech-
nology also needs to be compatible with existing tools,
to promote adoption [194].

9 Conclusion

This literature review provided an overview of the col-
laboration challenges experienced by virtual teams as
well as current mitigation strategies. This review utilized
a well-planned search strategy to identify a total of 255
relevant studies, which chiefly concentrated on computer
supported cooperative work (CSCW). Using the selected
studies, we described challenges as belonging to five cat-
egories: geographical distance, temporal distance, per-
ceived distance, the configuration of dispersed teams,
and diversity of workers. Findings also revealed oppor-
tunities for research and open questions. Finally, oppor-
tunities and implications for designing groupware that
better support collaborative tasks in virtual teams was
discussed through the description of four design impli-
cations: assist the creation of common ground and work
standards; facilitate communication; provide mechanisms
for work transparency; and design lightweight, familiar
technology.
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Table 2 Case study papers by

contribution Distance (Section IV)

Geographic distance
Motivation and awareness 8,11,63,102,103, 132]
30,31, 38,55,102,117,123,128,132, 142, 147, 248]

8,11,58,59,102,103,117,132]

Establishing trust
Informal and face-to-face communication

— e

Intra-team conflict 8]
Temporal distance
All [11,14,19,34,58,75,76,117,121, 132,218, 248, 254]
Contributing factors (Section V)
Diversity
Common ground [8,11,14,22,34,47,56,57,75,101,117,121,122,
123,125,145,172,178, 194, 201, 248, 271]
Socio-cultural distance [41,132]
Work culture [55]
Table3 Experiment papers by contribution Table 4 Interview papers by contribution
Distance (Section 1V) Distance (Section IV)
Geographic distance Geographic distance
Nature of work [12,260] Explicit management [84,97,157,241]
Explicit management [66, 90, 130, 131, 187, 206] Informal and face-to-face com- [65, 140, 141,195, 212, 232]
Motivation and awareness [16, 40, 90, 206] munication
Establishing trust 120,21, 37,49, 124, 155, Intra-team conflict (109]
187, 209, 215, 265] Temporal distance
Informal and face-to-face commu-  [3, 39, 173, 214, 265] All [212,2417]
nication Perceived distance
Intra-team conflict [20, 187, 242] All [86]
Perceived distance Configuration
All [197,214] All [141,212]
Configuration Contributing factors (Section V)
All [28, 46, 187, 209] Diversity
Contributing factors (Section V) Common ground [65, 250]
Diversity Socio-cultural distance [84, 88, 246]
Common ground [118,214,215,253] Work culture [65]
Socio-cultural distance [67,164, 236, 262] Implications for design
Work culture [36] All [65]
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Table 5 Survey papers by

contribution Distance (Section IV)

Geographic distance
Explicit management
Motivation and awareness
Establishing trust

Informal and face-to-face communication

Intra-team conflict
Temporal distance
All
Perceived distance
All
Configuration
All
Contributing factors (Section V)
Diversity
Common ground
Socio-cultural distance
Work culture
Challenges and Barriers in Virtual Teams

[68, 181, 234, 258, 259]

[50]

[9,29,42,43,68,170, 181, 207, 216, 219, 271]
[5,43,53,68,126,177]

[43, 68,71, 104, 204, 259]

[50]

[68, 188, 230]

[50, 68, 230]

[43,51,52,68,95,170, 259]

[51,52,68,71,98-100, 156, 204, 251, 252]

[43, 68]
[45]

Table 6 Literature review

papers by contribution Distance (Section IV)

Geographic distance
Nature of work
Explicit management
Motivation and awareness
Establishing trust

Informal and face-to-face commu-
nication

Intra-team conflict
Temporal distance
All
Perceived distance
All
Configuration
All
Contributing factors (Section V)
Diversity
Common ground
Socio-cultural distance
Work culture
Implications for design
All

[163, 190, 192, 224]

[89,111,150, 158, 190, 192, 222]

[2,25,33,79,108, 192, 223, 237]

[23, 45,60, 87,163, 165, 192, 217]
[2,13,33,61,74,79,80,93,133, 163, 165, 190, 227, 263]
[87,108, 165, 227]

[2,32,74,87,182,221, 263]

[35, 83, 87,162, 268]

[48,78,182,186, 190, 192]
[2,24,32,108, 116,133, 148, 182, 190, 192, 202, 203, 222, 225]
[33,85,87,133,139, 143,176, 199, 227, 243, 263]

[1,179,190, 192]

[1,32,192]

Table 7 System papers by contribution

Distance (Section IV)
Geographic distance
Motivation and awareness [17,72,82,154,160, 171, 196]

Informal and face-to-face com-  [261]

munication
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Table 8 Other papers by
contribution

Distance (Section IV)
Geographic distance
Nature of work
Explicit management
Motivation and awareness
Establishing trust

Informal and face-to-face communication

Intra-team conflict
Temporal distance
All
Perceived distance
All
Contributing factors (Section V)
Diversity
Common ground
Socio-cultural distance

Implications for design
All

[239]

[226]

[7,18,120, 134, 144]
[54,167,174, 264]
[4,62,77,127,144,151,185,211]
[267]

[229]

[4,213]

[113,114,168, 210, 229]

[44, 69,96, 115,119,129, 135, 149, 152, 164,
180, 198, 220, 229, 235, 238, 256, 266, 267,
269, 270]

[120, 193]
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