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Abstract: Many were optimistic that virtual collaboration in distributed
projects would eliminate distance and, furthermore, enable work around the
clock to achieve high performance. We ask whether this optimism has held up
over the past two decades, in the face of changes in technology and changes in
the workplace. Using an adjusted measure of temporal distance (ATD), the
paper models the perceived decision quality in a project as a function of ATD,
mediated by communication richness and moderated by project analysability.
The model was tested in 2009 and again in 2019 with a combined quantitative
and qualitative field study. The results suggest that the relationship between
ATD and perceived decision quality is nonlinear and is mediated by
communication richness. In 2019, projects engaged in significantly richer
communication compared with 2009, yet temporal distance still made a
difference. The results did not show an interaction effect between
communication richness and project analysability. We argue that despite
substantial IT progress, temporal distance is not dead and should be managed.
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1 Introduction

Virtual collaboration has become ubiquitous and often vital for organisations because of
their need to work from a distance (Suh et al., 2011). It is now central to maintaining our
increasingly globalised social and economic infrastructure (Morrison-Smith and Ruiz,
2020), and has evolved to a point where online collaboration is a way of working for
national companies and, more naturally, for multinational or regional companies
(Garro-Abarca et al., 2021). Yet, after decades of experience, questions about its
effectiveness and broader impact on work life still remain unresolved. Indeed, only
recently, large companies practicing virtual collaboration have called for returning to
face-to-face work in the office. In particular, challenges to virtual collaboration in project
management and project delivery have been noted in the past decade by researchers and
practitioners alike, making it imperative to understand how the supporting
communication technology should be managed to ensure effective collaboration
(Martinic et al., 2012). Moreover, the growing reliance on virtual collaboration for
project management in a global and dynamic economy has underscored the urgent need
to understand the technical and social challenges of virtual collaboration, especially in
hi-tech projects with significant virtual components such as software development
projects. These challenges of working at a distance include facilitating effective
communication and mutual understanding among team members, establishing trust
among team members, and managing the team, as well as broader issues of the work
environment and work culture (Morrison-Smith and Ruiz, 2020).

It appears, therefore, that it may have been too early to claim that (physical) ‘distance
is dead’ (Cairncross, 1997) with regard to team work. Physical distance is in space and
time. Although inter-related, geographical and temporal distance should be treated as
separate dimensions, each with its specific impact on work and behaviour (Cummings,
2011; Espinosa et al., 2011). Geographical distance indicates the amount of effort needed
to collaborate face to face; temporal distance indicates the time displacement that must be
overcome to interact with each other (Agerfalk et al., 2005). Our focus in this paper is
temporal distance. While geographic distance was argued to be more important in the
mid-1990s, temporal distance has become the principal obstacle to efficient coordination
(Carmel and Espinosa, 2011), particularly due to the reduced overlap in work hours that
results in coordination delays (Morrison-Smith and Ruiz, 2020).

One key disadvantage to high temporal distance is the reduced number of overlapping
work hours between collaboration sites (Battin et al., 2001; Kiel and Eng, 2003). Virtual
teams working at a temporal distance, face the challenge of having less opportunities for
synchronous time necessary for coordination (Espinosa et al., 2007), and in any event, the
technology used to support virtual collaboration is central to the question of whether
virtual collaboration results in better or lower performance. If indeed temporal distance
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still matters, the design and management of technology will play a crucial role in
overcoming distance through virtual collaboration.

We investigate the impact of temporal distance in the particular context of virtual
teams working on developmental projects in hi-tech industries, which have pervasively
adopted the practice of virtual project teams. In these virtual project teams, team
members cooperate remotely regardless of the temporal distance within teams, and
collaborate using various computer-mediated communication (CMC) tools (Luki¢ and
Vracar, 2018). Thus, our research question is, specifically, how the use of CMC tools
overcomes the impact of temporal distance on the performance of the virtual project
team.

Temporal distance can be caused by both time shifts in work patterns and differences
in time zones (Sarker and Sahay, 2004). It is often measured only by the difference in
time zones (Sosa et al., 2002), but, as we argue below, this measure should be adapted to
reflect time-shifts in work patterns too. In fact, time-zone differences and time shifts in
work patterns can be manipulated to either decrease or increase the effect of temporal
distance (Agerfalk et al., 2005). We wish therefore to examine the role of technology in
overcoming temporal distance in light of new versions of technologies and the continuous
demand for faster cycles and response (Carmel and Espinosa, 2011).

Temporal distance has been investigated at length (Cheng et al., 2016; Espinosa et al.,
2007, 2015; Nan et al., 2009). While some results reveal the negative effect of temporal
distance on outcomes (Espinosa et al., 2007, 2015; Nan et al., 2009), others argue the
opposite (Massey et al., 2003; Maznevski and Chudoba, 2000). Our current study extends
the methodology of these studies in two respects. Firstly, temporal distance in dispersed
teams is typically caused by external constraints, such as time-zone differences (Espinosa
and Carmel, 2004), but may also arise from factors such as work schedule shifts
(Espinosa et al., 2015), holidays (Conchuir et al., 2006), and different workweeks among
team members. In some cases, different workweeks may imply only three overlapping
workdays a week, for example, when team members from Muslim countries such as
Algeria and Kuwait work from Saturday to Wednesday, while their American colleagues
work from Monday to Friday. We therefore consider non-overlapping workweeks as part
of temporal distance.

Secondly, we study the effect of distance in the field with virtual teams in hi-tech
projects. Virtual collaboration in practice is complex and subject to different norms of
work regarding team composition and work out of the office (Chase, 1999). This
complexity, due in part to the long duration of virtual collaboration in projects, is hard to
duplicate in the laboratory experiments, where most previous studies have been
conducted. Exceptions that engaged in field studies are Cummings et al. (2009), Espinosa
et al. (2011) and Herbsleb and Mockus (2003). Furthermore, studying the practice of
virtual teams allowed us to duplicate our study ten years later to examine the results in a
new work context. Our two-stage field study based on questionnaires complemented with
comments by practitioners may explain some of the conflicting results found in
laboratory experiments.

Section 2 advances the theory and hypotheses and Section 3 gives the study design.
Sections 4 and 5 present, respectively, the results of the quantitative and qualitative
studies. Section 6 discusses the implications for design and management of virtual
collaboration in projects.
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2 Theory and hypotheses

Teams are usually established to accomplish a specific goal and their performance is
measured in terms of achieving that goal (Chase, 1999; Lipnack and Stamps, 1997).
Virtual collaboration can be seen as a means of overcoming the difficulties posed by
working at a distance to achieve the team’s goals, using appropriate communication
technologies (Chase, 1999). As noted in the introduction, how effective virtual
collaboration is in overcoming distance to achieve high team performance is still an open
question (Allen et al., 2015). The answer to this question is a moving target that changes
as the communication technologies progress and practices of teamwork transform.

We concentrate on both the progress in CMC technologies that is reflected in the
capacity or richness of the media to communicate effectively and the changes in the
practice of using CMC. The particular practices of using CMC technologies to enable
effective collaboration may depend on the context in which people communicate,
coordinate and collaborate. Our work is focused on virtual collaboration in development
teams that work in projects of at least three months, which implies that team members are
expected to communicate throughout the project in different forms (e.g., synchronous and
asynchronous, verbal and graphic) and with different technologies (e.g., e-mail, video
conference). We therefore conceptualise communication richness (CR) as an attribute of
the project’s team members’ pattern of using various CMC technologies throughout the
project. Our goal is to model the relationship between temporal distance and performance
as it is mediated by CR. As our arguments build on the effect of temporal distance on the
communication and coordination necessary for effective virtual collaboration, we chose
to concentrate on how temporal distance impacts the quality of team decisions, which is
the most relevant aspect of team performance. Each of these three variables, namely
temporal distance, CR and project decision quality, is discussed and the relationships
between them are formalised as the first two hypotheses formed below.

Temporal distance is commonly gauged in terms of time zones (Morrison-Smith and
Ruiz, 2020). The difficulties in team collaboration related to temporal distance may,
however, be a function not only of the magnitude of time-zone difference but also the
differences in working patterns among team members located in different time zones
(Saunders et al., 2004). The problems associated with the use of time zones as a proxy for
distance have been overlooked too often (Nan et al., 2009), and they may be especially
relevant when investigating the feasibility of synchronous or instant communication
(Cheng et al., 2016; Olson and Olson, 2000). As elaborated below in the method section,
we adjust the traditional measure of temporal distance to reflect additionally the
percentage of overlapping working hours between team members. Henceforth, we refer
to adjusted temporal distance (ATD) in order to emphasise the broader implications of
temporal distance that are not captured by the difference in hours between time zones.

The mediating variable between temporal distance and the project team’s decision
quality is CR, which builds on the idea in media richness theory (MRT) that different
media enable different levels of richness in the communication (Daft and Lengel, 1986).
MRT classifies media along a continuum of richness (Kock, 2005), where richness is
composed of various elements, including the ability of media to carry non-verbal cues,
support synchronisation and provide rapid feedback (Montoya-Weiss et al., 2001). For
example, face-to-face communication may support faster feedback and a richer set of
signals than, say, e-mail. MRT postulates that richer communication is needed to
overcome communication complexity by conveying and contextualising the requisite
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information more effectively, thus improving comprehension (Te’eni, 2001). Moreover,
MRT claims that the contingent choice of one medium over the other will result in better
performance in comparison with using the same medium for all situations (e.g., using
video conferencing for both simple and complex communication). Past research has
singled out media richness as a factor that captures the main differences between media
in their capacity to affect communication effectiveness.

Building on the idea of alternative media to overcome distance, past research has
attempted to assess the media richness of various CMC technologies by looking at certain
attributes such as synchronicity and a variety of signs (including non-verbal), forms and
languages (Clark and Brennan, 1991; Olson and Olson, 2000). Clearly, the media used
for collaboration has changed considerably in the past two decades. Already ten years
ago, advanced communication technologies such as virtual meetings and conference calls
were labelled ‘super-rich’ media (DeRosa et al., 2004). Furthermore, not only are specific
technologies with greater richness being used, but the portfolio of technologies from
which to choose contingently has expanded and continues to expand as new technologies
are often adopted upon release, particularly by the younger generation. The last couple of
years have demonstrated how synchronous tools can be adopted almost instantly when
needed, although their effectiveness is yet to be proven. The media richness of newer
tools has been increasing, when considering their synchronicity, the variety of modes and
formats they support (pictures and videos), and their capabilities to manage and fit the
message to the recipient and situation.

CR is conceptualised at the level of the project team as the way the project team
members use the various CMC technologies in the project, a practice that may vary from
one team to another. In determining CR for particular projects, we regard it as an
aggregation of the project team members’ use of the communication technologies
available in their portfolio, each technology with its own level of media richness and with
its usage.

As noted, the mediating role of CR between ATD and performance rests on its
capacity to mitigate the difficulties caused by working virtually from a distance. The
CMC technology can provide two functions to overcome two types of difficulties: it can
provide richer communication to overcome difficulties in understanding messages that
arise from distant as opposed to proximal communication, and it can provide the means
to overcome difficulties in coordinating distant communication. On the one hand, as
ATD grows, understanding is compromised because of different contexts and fewer
opportunities for immediate feedback to clarify the message (Te’eni, 2001). On the other
hand, ATD imposes further coordination activities among team members to enable
synchronous communication that is feasible for some distances but not others; for
example, a nine-hour time difference may make it difficult to find a common time unless
at least one party is willing to participate outside working hours.

The relationship between CR and ATD is a result of technology’s capacity to
overcome difficulties induced by ATD both in understanding and in coordinating
communication, but the relationship is not linear. At very low levels of ATD or none at
all as in virtual collaboration within the same country or region, we assume that team
members choose the seemingly appropriate medium that is available for a particular
situation, which is not necessarily the medium with the highest richness (Katz and Te’eni,
2008).
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At somewhat higher ATD, of 1-3 time-zone differences or workweek differences,
ATD induces a need for higher CR to ensure effective communication, as long as
coordination is not prohibitively difficult. When ATD differences further increase,
coordination becomes difficult. When time-zone differences approach nine hours, the
time gap becomes a chasm, with no overlap of working hours (Carmel and Espinosa,
2011), and synchronous media become challenging due to members’ availability
constraints, often driving team members to choose lean media despite their natural
inclination to choose richer media (Burke and Chidambaram, 1999; O’Leary and
Cummings, 2007). Thus, for a given portfolio of available communication technologies,
there may be two competing forces at work: increasing richness to improve mutual
understanding and avoiding richness to reduce coordination costs. When ATD is
sufficiently high to create substantial communication gaps and misunderstandings, CR
will be selected even at a higher cost of coordination, but eventually decrease at high
ATD levels that prevent synchronous communication. Nevertheless, at less substantial
distances, the cost of coordination may outweigh the benefits of more effective
communication, and rely on leaner media alternatives. Thus, we hypothesise a nonlinear
relationship between ATD and CR.

It is not clear how the last two decades have affected this relationship. The new norms
of work with longer hours along with advances in the ease of using rich media may shift
the curvilinear relationship between CR and ATD but not necessarily affect its shape. We
tested the possible shift by examining the following hypothesis in two different periods,
namely, 2009 and 2019 (and did the same for the other two hypotheses).

H1 The relationship between adapted temporal distance (ATD) and CR is nonlinear.

Effective communication in projects is needed to understand problems in order to make
good decisions (Coughlan and Macredie, 2002). Collaborative decision making requires
that the communicators understand each other, and receive the information, and
explanations if needed, in a timely manner, through appropriate media (Coughlan and
Macredie, 2002; Nasir and Sahibuddin, 2011; Patrashkova-Volzdoska et al., 2003). In
particular, adding context and explanations to messages when communication is
complex, as expected in development projects, increases the chances of comprehension
(Cramton, 2001; Hinds and Bailey, 2003; Majchrzak et al., 2000; Maznevski and
Chudoba, 2000). According to MRT, CR is needed for such team communication in order
to produce high quality decisions (Baker, 2002; Cummings, 2007). Additionally, higher
CR decreases the feelings of loneliness and ambiguity associated with using media
(Workman et al., 2003) by supporting more nuances and social communication, and
affecting the quality of decisions (Baker, 2002). Notably, it is the CR enabled by the
entire portfolio that matters (Laufer et al., 2008).

To examine the effect of CR in the context of projects, we focus on the perceived
quality of decisions made by the project team. The quality of decisions as an outcome of
a collaborative decision process is associated with a sound process, one that is based on
logical arguments and systematic procedures and that improves key aspects of the
decision (Skinner, 1999). Hence, the following hypothesis:

H2 Greater CR is associated with higher perceived decision quality.
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Rich communication is most needed when teams engage in making difficult decisions
that require deliberations and explanations that are less needed in structured, known and
routine decisions. In other words, the tasks the team performs in the project make a
difference in terms of the richness of the requisite communication. Task has been an
important factor in the study of workgroups (McGrath, 1984), and of computer-supported
group work, in particular (Zigurs and Buckland, 1998). Dennis et al. (2008) define task in
terms of the communication that is needed to generate a shared understanding among the
team members in the face of the ambiguity and uncertainty associated with the task. We
concentrate here on the salient dimension of task, namely, analysability, which refers to
team members’ knowledge of the procedures needed for accomplishing the task (Daft and
Lengel, 1984; Te’eni, 2001), defining it as the extent to which a task can be broken down
into small, well-defined components (Ahuja and Carley, 1999; Rice, 1992).

Analysable tasks are those for which the team has predetermined and structured
responses to potential problems and understands the outcomes, while in tasks with low
analysability, responses are more personal, less structured, more ad hoc and
improvisational (Daft and Weick, 1984). Furthermore, in tasks that are low on
analysability, the information processed may be equivocal because precise coding
schemes do not fit extant practices (Daft and Macintosh, 1981), and decisions are made
on the basis of judgement, intuition, creativity, and rules of thumb (Simon, 1965).

A virtual-team’s project is basically a collection of various tasks, such as setting
project objectives, setting technical specifications and comparing competing concepts,
each task with its unique characteristics (Majchrzak et al., 2000). We assume here that
the project can similarly be characterised as consisting of predominantly high
analysability or low analysability tasks (Jin and Levitt, 1996). We therefore refer to
project analysability as the team members’ perceived analysability of tasks in the project
overall. According to MRT, low analysability calls for richer media (Daft and Lengel,
1984) and, furthermore, low analysability calls for greater contextualisation and
explanation, which also requires richer media (Katz and Te’eni, 2008).

H3 The positive association between CR and perceived decision quality is greater for
low project analysability.

To summarise our discussion so far, Table 1 lists the constructs used to build the three
hypotheses and Figure 1 shows the relationships between them.

Table 1 Constructs and corresponding measures
Constructs Measures
Adjusted temporal The team’s overlapping working hours as a function of time-zone
distance (ATD) differences and different workweeks between team members

Communication richness ~ The team members’ aggregated use of communication technologies,
(CR) each technology with its attributed elements of richness and usage,
targeted to convey and contextualise requisite information

Project analysability The team members’ knowledge needed for accomplishing tasks in
the project

Perceived decision quality The quality of the decision process leading to its decision outcome,
characterised as a sound process based on logical arguments and
systematic procedures, and improving key aspects of the decision
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Figure 1 A model of ATD, CR, and perceived decision quality (see online version for colours)

H1

H2
n +

H3

3 Study design

To test our hypotheses, we used a field study, followed by qualitative study, administered
in 2009 (stage I) and repeated in 2019 (stage II) (Roth and Te’eni, 2019). In both stages,
we first collected data with a questionnaire and followed up with semi-structured
interviews. Thus, our sequence of methods was quantitative, qualitative, quantitative and
qualitative (Bazeley, 2011). The qualitative method was used to address unexpected and
unexplained results in the preceding quantitative method.

Using our personal connections, we identified informants in global organisations that
were willing to collaborate in obtaining access to project teams in their organisations. We
sought virtual teams that consisted of three or more members working together for over
four months. At least two of the team members worked remotely. The majority of the
team projects were developmental projects in hi-tech companies. We supplied the
informants with e-mail templates that contained links to web-based questionnaires, which
they forwarded to the team members of one or more virtual teams in their own
organisations.

The respondents were asked to complete the web questionnaire with the following
information:

1  personal data and group characteristics that enabled us to compute the ATD

2 collaboration characteristics, including information about the virtual team member’s
habits in using the various communication technologies that enabled us to compute
CR

3 perceived decision quality and project analysability (described below).

In stage I (2009), the e-mails were distributed by the local informants to 501 virtual team
members of 62 virtual teams. Additionally, the informants were asked to provide
information about each virtual team. To increase the response rate, respondents were
offered financial incentives, as well as a report of the study’s summarised results. One
hundred and eighty-nine valid responses from 62 virtual teams were collected,
representing a 38% response rate, which is considered acceptable (Eastin and LaRose,
2005; Mitchell and Nicholas, 2006). In stage II (2019), 178 valid responses from 55
virtual teams were received, representing a 34% response rate.
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3.1 Measures

To augment the temporal distance reflected by time-zone differences, ATD considers the
reduction in overlapping working hours between team members by assessing the
differences between workweeks. As in the computation of Euclidean distance, we
compute for each pair of team members the absolute time-zone difference and then
compute a weighted average of all the possible pairs in the team, where the weights are
the differences in workweeks. Hence ATD is computed as the average of pairs of the
absolute difference between GMTi and GMTj (the local times of team member i and of
team member j, respectively) multiplied by the proportion of overlapping work days in a
5-day week for the pair of team members. The sum is over all pairs of the teams (O’Leary
and Cummings, 2007; Monge and Kirste, 1980).

(nl_l)Z(WWij*|GMTi—GM7}'|)

J=1

ATD =

Hence, for a team of three, located in the UK with GMT 0, Germany with GMT 1 and
Israel with GMT 2, the ATD for the German team member would be the average of the
two pairs, Germany-UK with similar workweek and Germany-Israel with only four days
a week overlap, Sunday — Thursday vs. Monday — Friday, and would be calculated as
follows:

1*|1-0]+1.25%|1-2 |
2

=1.125

e Project analysability, adopted from previous research (Ahuja and Carley, 1999; Daft
and Macintosh, 1981), is measured with a 5-item questionnaire (see Appendix
Table A1). It asks respondents to indicate the extent to which each of the 5
statements described their work in the virtual team, on a 5-point Likert scale, where
1 = strongly disagree, 2 = disagree, 3 = not sure, 4 = agree, and 5 = strongly agree.

e (R is a weighted sum of the team members’ use of all available communication
tools, each tool with its richness. We build on previous work (Anandarajan et al.,
2010; Bagley and Olson, 2016; Balaji and Chakrabarti, 2010; Olson and Olson,
2000) that grants points for each of the attributes associated with the communication
tool; for example, telephone is characterised by four attributes, audibility,
co-temporality, simultaneity and sequentiality, and thus, its richness score is 4.
Newer communication technologies, such as, virtual meetings, bulletin boards and
conference calls, were added according to the same scheme. Usage frequencies were
measured with a 5-point Likert scale (Lee et al., 1999), where 1 = never, 2 = rarely,
3 = sometimes, 4 = often, and 5 = very often. The full list of communication tools is
given in Figure 2.

The accumulated CR of team member i was the sum of the products of the extent of
usage of communication tool j and its richness, for all tools, j = 1...n. That is, the team
member’s CR was:

CR = ZZ:I(Medium's Richness ; * Usage_,«)
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Hence, for participant, i who very often used telephone, e-mail and two-way chat,
sometimes used conference call, rarely used answering machine and never used virtual
meeting, the cumulative CR would be: 5*%4 + 5*%5 + 5%2 + 3*¥4 + 2*2 + 1*6 = 77.

The measurement of a team member’s perceived decision quality in the project is
taken from previous work (Gouran et al., 1978; Huang et al., 2003; Pitt et al., 1994). The
measure consisted of eight questions, using a 7-point Likert scale (the questionnaire
appears in Appendix, Table A2).

Figure 2 CR breakdown in 2009 versus 2019 (see online version for colours)

CR 2009 Vs 2019

(The values in parenthesis are media richness, based on Olson & Olson, 2000)

120.00 M i - Conference call (4)
100.00 u h - Bulletin board (2)
80.00 H g - Virtual meeting (6)
[ M f - Letter (2)
% 60.00
5 23.93 H e - E-mail (2)
40.00 17'_9 4 d - Answering machine (2)
20.00 ¢ - Two-way chat (5)
0.00 H b - Video conference (5)
2009 CR 2019 CR ® a - Telephone (4)
(79.12) (101.57)

H1, H2 and H3 are tested using structural equation analysis (SEM) to examine the role of
CR in mediating the relationships of ATD and ATD square with perceived decision
quality. All analyses are conducted using AMOS, version 25 (SPSS Inc.) with the
maximum likelihood estimation procedure.

The model fit is examined using five goodness of fit indices (Hoyle and Panter,
1995), namely two absolute indices — the %2 statistic, and the root mean square error of
approximation (RMSEA), and three incremental indices — the normed fit index (NFI), the
comparative fit index (CFI) and the Tucker-Lewis index (TLI). The analysis is performed
using multiple group analysis and includes data from the two studies, from 2009 and
2019. The model in each group includes an examination of the direct effect of ATD and
its square on perceived decision quality as well as an examination of the mediating effect
of CR between ATD and perceived decision quality while controlling for two covariates,
team size and years of experience. In order to test the interaction effect of CR and project
analysability on perceived decision quality (H3), the independent variables are centred,
then CR, project analysability and the interaction between those variables are added to
the model.
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4 Quantitative analyses

This section presents the quantitative results from both stages and the next section
presents the qualitative results. We integrate the quantitative and qualitative in the
discussion section. In the 2009 stage, there were 62 teams, with an average team size of
eight team members. The average overlap of a team member with the other team
members was 69%. The sample consisted of 68% males and 32% females, the major
mother tongues were Hebrew 33.7%, English 29.4% and Russian 7.5%, English level
very good or native English speaker was 80.95%, major countries of residence were
Israel (34.78%), USA (21.74%) and South Africa (16.85%), typical organisation types
were software (56%), pharma (11%) and semiconductors (9%), major organisation sizes
were 10,001+ (58%), 2,001-500 (13%), 51-200 (13%). The cumulative number of team
members of these 62 teams was 502, and the 187 respondents represent 37% response
rates, where in some cases the entire team cooperated with 9 team members out of nine
answering, and in other cases, limited cooperation, recording one response from a team
with six members.

In the 2019 stage, there were 55 teams, with an average team size of 9.4 team
members. The average overlap of a team member with the other team members was 75%.
The sample consisted of 61% males and 39% females, the major mother tongues were
Hebrew 46.6%, English 15.7% and Russian 11.2%, English level very good or native
English speaker was 82.60%, major countries of residence were Israel (50.0%), Ukraine
(16.85%) and USA (7.3%), typical organisation types were SW (93%), consulting (5%)
and communication (2%), major organisation sizes were 1,001-5000 (63%), 51-200
(21%), 201-500 (6%). The cumulative number of team members of these 55 teams was
502, and the 187 respondents represent a 34% response rate, where in some cases the
entire team cooperated, with four team members out of four answering, and in other
cases, cooperation was limited, with four responses from a team with 30 members.

Table 2 summarises the descriptive statistics of the four variables in the study.
Figure 2 depicts the cumulative media usage in 2009 and in 2019, showing the changes in
CR. In particular, telephone usage was cut by half in 2019, while video conferencing,
two-way chats and virtual meetings, which account for approximately 70% of the 2019
cumulative CR, increased significantly. Overall, the cumulative CR score in 2019
(101.57) increased by about 25% versus 2009 (79.12).

Table 2 Descriptive statistics of model constructs for both stages
ATD CR Proj ect. Decision quality

Constructs analysability

2009 2019 2009 2019 2009 2019 2009 2019
Mean 296  2.03 79.11  101.57 3.80 3.74 5.32 5.58
Std. dev. 3.08 239 18.28 15.08 0.33 0.46 0.90 0.66
Minimum 0 0 37 57 2.75 2.53 1.00 4.00
Maximum 1250  9.62 115 130 4.40 4.8 7.00 7.00

Figure 3 presents CR usage at different ATD levels across the two periods, in five
different settings: the first represents identical GMTs and workweek, resulting in zero
ATD, the second represents close GMTs of up to one hour, the third represents GMTs
with two to three hour gaps, the fourth represents more substantial gaps, and the last
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setting includes cases with the highest GMT gaps. Apparently, 2019 is characterised by
increased CR usage for all the ATD levels. While CR usage is lower in 2009 at the
highest ATD level with minimum overlap, in 2019 the highest ATD level is characterised
by an increase to the highest CR usage.

Figure 3 Relationship between CR and ATD, plotted for both stages (see online version
for colours)
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Note: *The data presented in Figure 3 does not reflect the impact of the control variables

4.1 Structural model

An initial analysis showed that the interaction effect was not significant (2009 — beta =
—.08, p>.05; 2019 — beta = .014, p > .05), which means project analysability does not
moderate the relationship between CR and perceived decision quality. Based on Bentler
and Mooijaart (1989), we arrived at the most parsimonious model by omitting the
non-significant structural paths. Path coefficients were unconstrained, except for the
coefficient of the relationship between CR and perceived decision quality. All fit indices
of the final model, across the two groups, indicated an excellent fit of the model to the
data: %2 (5) = 2.09 ns; RMSEA = .00; NFI = .99; CFI = 1.0; TLI = 1.0. The relationship
strength (standardised coefficient), t-values for each relationship and chi-square and its
significance for each comparison across both groups (when that specific relationship is
constrained) are presented in Table 3.

Table 4 summarises the hypotheses analyses. The effect of ATD on CR (H1): A
linear ATD effect on CR was found in the two stages, (f =-2.51, p =.005) in 2009, and
(B =.292, p =.008) in 2019, as well as a curvilinear effect of ATD on CR, (f = —-.207,
p = .020) in 2009, and (B = .265, p = .016) in 2019. The effect of CR on perceived
decision quality (H2): A linear ATD effect of CR on decision quality was found as
expected in the two stages, (B =.151, p =.037) in 2009, and (B = .172, p = .020) in 2019.
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Finally, the results presented in Table 4 confirmed our hypothesis that CR partially or
fully mediates the effect of ATD on perceived decision quality.

Table 3 Two group difference test
Studyl (2009)  Study2 (2019)
. ; Group
. . . Standardised  Standardised .
Hypothesised relationships . . differences
estimates estimates A y2/1df
(t-values) (t-values) xerta
ATD —  Perceived decision quality —19 (-2.09) .10 (0.94) 4.24%*
ATD square —  Perceived decision quality —14 (-1.53)  —.001 (-0.01) 0.955 n.s.
ATD — CR —.25(-2.82) .29 (2.66) 14.69%**
ATD square — CR —21(-2.33) 26 (2.41) 11.09%*
CR —  Perceived decision quality .15 (2.09) 17 (2.32) 0.11 n.s.
Table 4 Summary of the hypotheses
Year Effect B p S.E. CR. P
H1 ATD — CR -16.052 -.251 5.685 -2.824  .005
2 H1I ATDsquare — CR -30.970 -207 13276 —2.333 .020
S
N H2 CR —  Decision .007 151 .004 2.090 .037
quality
H1 ATD — CR 16.299 292 6.123 2.662 .008
S Hl ATDsquare — CR 34.778 265 14414 2413 .016
S
N H2 CR —  Decision .009 172 .004 2.320 .020
quality
Table 5 Test for mediation using a bootstrap analysis with a 95% confidence interval
Study 1 (2009)
) ] Confidence
Relationships Direct Indirect interval P Conclusion
effect effect
Low High
ATD — communication —188* 042 -.09 -.01 <.01 Partial
richness — perceived decision mediation
quality
ATD square — communication -.137 —-.035 —-.08 —-.01 <.01 Full
richness — perceived decision mediation
quality
Study 2 (2019)
Di Indi Confidence
. . irect  Indirect interval
Relationships effect effect P Results
Low High
ATD — CR — perceived .104 .045 .014 .107 <.01 Full
decision quality mediation
ATD square — CR — perceived  —.001 .041 .011 .103 <.05 Full
decision quality mediation
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5 Qualitative analyses

We used qualitative research methods to complement the quantitative questionnaires of
both the 2009 and the 2019 studies with insights from practitioners’ views of working in
virtual teams and using communication tools. This sequence allowed us to adapt the data
collection and integrate the analyses (Bazeley, 2011). Here we report the qualitative
results of both stages and the discussion section integrates them with the quantitative
results.

Information was gathered from two different sources. One source was the textual
comments made as part of the web questionnaire, and the other was a set of 20 semi-
structured interviews, conducted with a sample of virtual team members and team
leaders, and with content specialists who were familiar with virtual collaboration in the
industry.

The interviewees were recruited through convenience and snowball sampling,
beginning with one or more contacts within a given population and asking participants to
nominate others (Goldenberg, 1992). The selection of interviewees was designed to get
maximum feedback from various experts and organisational players in a variety of
organisations in the public and private sectors, including software and hardware,
semiconductor, pharmaceutical, and financial companies. A range of key informants were
sought, including integration and verification managers, engineering architects, software
engineers, HR managers, CEOs, and project managers. The duration of each interview
was 60-90 minutes, and it was supported with a template which was specially designed
for the purpose, so that each participant was asked the same set of questions. The
interview began with general questions, and then turned to more specific questions about
the model’s variables, where the interviewees were asked to describe the role of these
variables, for example, the role of communication in virtual teams. Afterwards,
interviewees were asked to address the possible relations between the quantitative
variables. Throughout the interviews, interviewees were encouraged to raise any issue
which they perceived as having any effect on their virtual teams.

Content analysis (Berg, 1989) was used to code the interview transcripts and the web
questionnaires’ textual responses. The unit of analysis was at the statement or phrase
level, and the categorising method adopted (Hambley et al., 2007) consisted of three
levels. At the lowest level, the statement or phrase referred to a theme (e.g., strategic
location of remote employee). When applicable, themes were grouped into sub-categories
(e.g., team’s diversity). The highest level of analysis was the category (e.g., diversity).

In stage I (2009), 15 of the 20 interviews were conducted face-to-face, while the other
five were conducted using a virtual meeting tool. In all, 52 respondents’ comments were
gathered. In stage II (2019), an identical number of interviews took place and they
followed the same semi-structured questions, with five of the 20 interviews being
conducted face to face, while the other 15 were conducted using a virtual meeting tool.

A quantitative record was kept by tracking the number of participants who mentioned
each theme as a basis for the content analysis, which generated factors that may affect the
constructs of our research model. (The model’s constructs and relationships are not
represented in the list of themes and categories.) The content analysis yielded four major
categories that affect virtual collaboration: CMC (technology), management, individual
characteristics, and team diversity. CMC refers to characteristics of the technology that
affected its use such as usability, training and external support. Management refers to
managing the collaboration process, including setting up the team and the ongoing work
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and meetings, monitoring and conducting the team work, and attending to individual
workers. Individual characteristics of team members that affected virtual collaboration
included experience, capabilities, motivation, preferences and more. Diversity referred to
all relevant aspects such as language, culture, experience, collaboration history and more.
We noticed that diversity applied both to the diversity within the team and diversity in the
organisation at large.

Using the repertory-grid technique, we formed a matrix of categories, sub-categories
and themes that mapped the themes in the texts to the four conceptual categories (see
Appendix Table A3). We then used the grid to examine the possible effects of the themes
and categories on the model’s constructs and relationships. We constructed a table of
such effects, using arrows to indicate the direction of each of the themes. For example,
we found that highly self-motivated team members, compared with less self-motivated
members, experienced low project analysability and expressed a stronger association
between CR and perceived decision quality.

We use the four categories that emerged from the textual comments and interviews,
namely, CMC technology, management, individual characteristics, and team diversity, as
a context for understanding the model depicted in Figure 1. While the categories do not
relate directly to temporal distance, they can be used to understand effects on virtual
collaboration that either contradicted the predicted impact of temporal distance on CR
and decision quality, or were found to differ, a posteriori, from year 2009 to 2019. Our
goal in this analysis of the context captured by the four categories is to provide new
insights not articulated in the model.

In our model, CR is affected by ATD. The qualitative analysis indicates other factors
that affect CR, providing a deeper understanding of how ATD affects richness. A point
that came up frequently in the comments and interviews was the discretionary choice of
media, which depends on feasibility, urgency and preference. Communication technology
reflects the feasibility of using the media available in the portfolio, depending, for
example, on the quality of the audio, the usability of the software, and the technical
support. For instance, respondents in the 2009 stage complained that the audio
communication was often disrupted, forcing them to communicate via leaner media, and
remote employees located out of their office with limited bandwidth were sometimes
driven to use leaner media despite their preference for richer media when dealing with
low analysability, possibly reducing decision quality. Management, individual
characteristics and team diversity also affected the team member’s preference for a
particular medium for a given conversation, for example, the combination of the
technology’s usability and the individual’s experience with the technology was found to
influence the choice of media. Moreover, insofar as urgent tasks benefit from
synchronous and richer communication tools regardless of the nature of the task, it is the
combination of feasibility, urgency and preference that dictates media choice. We return
to this issue in the next section when we combine our quantitative results with the
qualitative insights.

The choice of media was not always left to the individual but was often a group or
management decision. In particular, we learned that management sometimes imposed
certain media by demanding records of meetings (reviewability and auditability), even
though the individual’s preference was to avoid recordings. In addition, managerial
capabilities to moderate discussions also affected the preference for certain
communication tools. Similarly, diversity in the team raised certain difficulties that
affected the feasibility of communication and its effect on decision quality. Different
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mother tongues and different accents prompted team members to use written
communication to avoid the need to ask people to repeat vocal messages, despite the need
for higher synchronicity for low analysability. On the other hand, usage of richer
communication tools regardless of diversity challenges is unlikely to lead to improved
decisions. These, too, are effects on virtual collaboration that are not included in our
model but should be. In fact, we realise that the context in which we attempt to
understand the impact of ATD on virtual collaboration not only affects the feasibility and
preference in media choice, but the context itself may be affected directly by ATD. We
found incidents in which temporal distance increases the plausibility of language
differences, decreases the availability of certain communication technologies, and
increases the likelihood of management intervention. The analysis suggests that the
relationships between ATD and CR, and between CR and perceived decision quality,
may be more complicated than specified in our model: there may be two separate effects
of ATD, one direct and one via the context (the four categories).

6 Discussion

Project management in many organisations has come to rely on virtual collaboration. In
the face of progress in the communication technologies available and changes in work
practices, it is important to reexamine periodically the impact of virtual collaboration on
team members’ performance. Our attempt to model the effect of temporal distance on
virtual collaboration focused on the curvilinear relationship between ATD and CR, based
on two competing forces, namely the communication quality (understanding) and
coordination costs. We now discuss this relationship in light of the integrated quantitative
and qualitative analyses. We show that this relationship is more complicated than we
initially thought. The subsequent relationship between CR and decision quality was
hypothesised on the basis of previous research (Workman et al., 2003) and reconfirmed
in both stages. The interaction effect of project analysability was not found to be
statistically significant. The conclusion, nevertheless, of our quantitative analysis is that
temporal distance still plays an important role in virtual collaboration and still makes a
difference to the quality of team decision making. At the same time, the significant role
of CR opens the possibility of using new communication technologies to manage virtual
collaboration contingently, as we discuss below.

The curvilinear relationship between temporal distance and CR is depicted in
Figure 3. In both stages, 2009 and 2019, there is a turning point on the graph in the
middle ATD interval, which is consistent with our rationale of two interplaying forces.
One force is the need for richer communication to overcome misunderstandings
associated with temporal distance, which has been a cornerstone of the extensive research
based on MRT (Daft and Lengel, 1984). The second force is the tendency to avoid the
coordination costs of rich media, and as Jack Welch, former CEO of general electric,
asserted, ‘speed is everything’. Indeed, the new culture of work emphasises the
importance of fast cycle and fast response (Carmel and Espinosa, 2011), though, research
is inconclusive about the relationship between temporal distance and coordination costs
(Morrison-Smith and Ruiz, 2020). Our qualitative analysis indicated that practitioners
pay attention to the latter, sometimes at the expense of the former. In other words, when
talking about discretionary choice of media, the explicit reasons the practitioners gave
referred to coordinating, monitoring, reviewing and reusing conversations. The need for
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richer media to improve understanding was rarely mentioned in the responses we
collected.

Previous work reported a positive impact of virtual collaboration on performance,
suggesting that effective virtual collaboration helped to avoid misunderstandings and
conflicts (Tan et al., 2019). Our work reconfirms this effect of virtual project teams on
decision quality, but, based on respondents’ interviews, questions the importance of
mutual understanding in comparison to that of coordination costs in determining how
teams use CMC tools.

We can offer two explanations for why respondents neglected the theoretical
argument for improving mutual understanding among team member by engaging in
richer communication. One explanation is that people attend to the pragmatic rather than
the abstract (Vallacher and Wegner, 1987); they not only consider the complexity or
ambiguity of communication when selecting the media but also concentrate on the more
pragmatic issue of coordinating the communication. This argument aligns with the
criticism of MRT that it fails to consider contextual environment and considers
technology as the primary explanatory variable. It is possible that team members consider
the value of rich media in specific cases that require a special feature, such as sharing a
screen during a team meeting, in which case they focus on the screen-sharing
functionality rather than the more abstract need to promote mutual understanding. A
second explanation is that, in comparison with earlier days of communication, the current
context of virtual collaboration magnifies the challenges of coordination and diminishes
the need to ensure mutual understanding. In our qualitative analysis, we re-categorised
the context as four contextual factors: communication technology, management,
individual characteristics and team diversity. These four contextual factors were seen to
affect primarily the need to coordinate and manage the process of virtual collaboration,
while mutual understanding may have been taken for granted.

The changing context of virtual collaboration critically affects project management,
which has come to rely on information technology, to employ global and diverse project
teams, and to require contingent and adaptive management (Martinic et al., 2012). The
changes made between 2009 and 2019 in all four contextual factors are remarkable. Most
clearly, the technology has changed substantially, with new functionalities that are
broadband internet and smartphone based, pervasive, and often enhanced by Al. These
technological advances that allow new forms of team work bring about new challenges,
such as issues of security and privacy that require management interventions. In one of
the large gaming companies in our sample, management left little discretion to employees
in selecting media. This is only one instance of tighter control on virtual collaboration
that managements exercise nowadays. Nevertheless, and in opposition to management
interventions, individual team members, especially in hi-tech companies, strive towards
individualistic work with maximum freedom and discretion. Coupled with the ever-
growing erosion of the traditional work-home boundaries, individuals choose,
contingently and at their own discretion, the media with which they communicate and
when they do so. The growing diversity within teams also intensifies both the need to
ensure mutual understanding within the group and the need to coordinate the
collaboration. Given individuals’ possible insensitivity to the need for ensuring mutual
understanding, management may need to regulate and guide the use of richer
communication. In terms of Figure 3, management may need to intervene so as to erase
the dip in CR displayed in 2019.
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Thus, the changing context of virtual collaboration is not merely technological but
social too (Morrison-Smith and Ruiz, 2020), and it translates into the different
expectations and the different norms of collaboration we find in 2019 that we did not see
in 2009. While it has been reported that in emerging or developing countries, norms of
working from home, scattertime and nomadism weren’t popular (Carmel and Espinosa,
2011), the expectations for speed (Carmel et al., 2009) and the enhanced IT infrastructure
solutions may explain the increase in CR found in the later stage. The changes in the
context of virtual collaboration on both dimensions, technological and social, affect the
relationship between temporal distance and CR and will have implications for the
development and management of communication technologies in future project
management.

Our formalisation of ATD exemplifies the need to consider the technological and
social changes in the context of virtual collaboration in projects. Time-zone distances
have not changed, but the overlapping working hours between team members have
changed dramatically. The new norms of work, especially in hi-tech industries, that have
developed in the past two decades, including longer hours, out of the office work and
flexible hour programs, namely time-shifting (Carmel and Espinosa, 2011), have
increased the potentially overlapping hours between team members. Therefore, our
proposed ATD may need to be adjusted further to accommodate the new norms of work,
which would have to be examined empirically. Going back to Figure 3, such an
adjustment would shift the line graph so that the dip in CR in 2019 would be smaller,
while the overall shape of the graph would remain the same. The two dimensions,
technological and social, have implications for the design and management of virtual
collaboration.

This paper discusses the perceived changes between the two stages, though interviews
also imply that certain communication issues did not change. One issue that was raised in
the two stages was the importance of usage of a diversity of communication tools,
according to the task’s characteristics and its urgency.

The expectation to speed up outcomes may explain why employees accept adopting
more flexible working hours, working outside their workweeks, working outside their
company premises, often continuing work from their homes, and emphasises the
importance of well predefined procedures, in an attempt to efficiently overcome
misunderstanding and delays. Diversity may be the source for that, and was repeatedly
mentioned by interviewees in the context of decision-making processes, management
practices, usage of different communication tools, holidays, experience, type of tasks. In
more routine tasks, the team’s distribution easily enabled extension of the workweek to
six days, while in other tasks, a limited overlapping workweek together with significant
ATD had the opposite effect.

Another salient issue was that despite the importance of speed and the acknowledged
practice of follow-the-sun work (Carmel and Espinosa, 2011), the interviewees from the
two stages did not report adopting this practice. Only limited use of the practice of round-
the-clock work was reported, and it focused solely on support activities. This
phenomenon implies that despite the importance of speed, the coordination challenge is
still unsolved, and although communication is an important ingredient, it is not the only
ingredient of the virtual teams’ recipe, and future work exploring CR in conjunction with
concepts such as managerial practices and diversity dimensions is needed.
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6.1 Implications and limitations

The implications of our findings for the management of virtual collaboration and the
design and choice of the technologies employed for virtual team work are limited to
virtual collaboration in hi-tech (mainly software) development projects, which is the
sample we investigated. The ineffective use of virtual meetings in schools during the
pandemic underscores the need to study virtual collaboration in different contexts.
Moreover, we selected teams that had at least one remote team member, and usually
more, which made it necessary to engage in virtual collaboration. The choices of
technologies may be different when face-to-face meetings are a feasible option. Another
methodological limitation is the elicitation of participants’ considerations in using
communication. The revealed preferences of team members were deduced from an
analysis of free-form interviews and comments. A more invasive technique or a
controlled manipulation may be needed to learn and measure the role of mutual
understanding versus coordination by forcing the participants to explicate their ability to
recognise when mutual understanding may be a threat to project success and their
willingness to pay the price to improve communication.

Previous work (O’Leary and Cummings, 2007) attempted to offer formulae for the
calculation of dispersion indices, including a time zone index. This paper moves one step
further, and ATD is enhanced with a workweeks overlap dimension. A more profound
construct that will capture additional differences such as holidays and hidden holidays
(Carmel and Espinosa, 2011) may provide a more accurate perception of the ATD effect.
The interaction effect of project analysability was not found to be statistically significant,
perhaps because project analysability in software development projects is generally low
so that differences in the effect of richness on decision quality are not significant, or,
perhaps because of the nature of projects, which include multiple tasks of varying
analysability.

The potential tradeoff between improving team members’ mutual understanding and
increasing the efficiency of coordination implies that the technology must ensure an
effective balance between them, in addition to supporting each separately. As we noted,
the dramatic technological and social changes in communication seem to have created a
bias in practice towards coordination so that teams may not select richer media even if it
is needed. By management guidance or by technological design, the selection of media to
ensure mutual understanding must be encouraged and maintained. The functionality of
most virtual meeting software is substantially richer than that of previous generations of
communication technologies, including synchronous meetings with high quality audio-
visual and sharing capabilities. Moreover, these presentation capabilities can be linked to
knowledge repositories to support more effective knowledge sharing needed for
collaboration. Today product lifecycle management (PLM) systems, for example,
integrate product design knowledge with coordination systems based on a single logical
database (Merminod and Rowe, 2012). We believe that future communication
technologies will help identify high communication complexity to prompt users to use
richer media when task analysability is low (Katz and Te’eni, 2008). Several software
companies already analyse discussions and provide automated feedback and could
leverage their capabilities to indicate how to improve communication in real time.
Furthermore, communication complexity is also a function of emotional tensions that
may also require rich media (Te’eni, 2001). In parallel to the technological aspects of
improving communication, management will need to engage in guidance and training to
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encourage rich communication when communication complexity is expected. Contingent
management of virtual collaboration is key to successful and innovative projects
(Chamakiotis et al., 2020).

A further implication is the need to provide communication technologies that
integrate the functionality geared toward mutual understanding when sharing knowledge
with the functionality that helps coordinate meetings. Tools for setting a meeting time,
inviting participants to the meeting and managing the session, linked to the effective
selection of the technologies to share and present materials, should be available to the
user through one unified interface that ultimately ensures effective team decision making
and project management. Moreover, intelligent systems can ensure effective
configurations according to temporal distance, and bearing in mind the context of virtual
collaboration, for example, the diversity of the team, could tailor the configuration of
tools to consider language differences. Communication technologies should help manage
the process and quality of virtual collaboration.

In conclusion, we have argued that temporal distance still makes a difference in the
form and quality of virtual collaboration, as seen in the case of development projects in
the hi-tech industry. Our study calls for project managers to manage virtual collaboration
in order to ensure quality decision making. The context of virtual collaboration has
changed substantially in recent decades, and the requirements of flexible communication
technologies and of management practices have changed accordingly.
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Appendix

Table A1  Task analyzability

D AW N =

Normal work activities guided by standard procedures, directives, rules, etc.
Know a lot of procedures and standard practices to do the work well
Understandable sequence of steps that can be followed in carrying out the work
People actually rely on established procedures and practices

Established materials (manuals, standards, directives, statutes, technical and professional
books, and the like) cover the work

Source: Ahuja and Carley (1999) and Daft and Macintosh (1981)

Table A2  Perceived decision quality

~N N LB W N~

The overall quality of the discussions was: (1) poor to (7) good

The discussions, on the whole, were: (1) ineffective to (7) effective

The outcomes of the discussions were: (1) unsatisfactory to (7) satisfactory

The discussions were: (1) incompletely executed to (7) completely executed

The issues explored in the discussions were: (1) trivial to (7) substantial

The content of the discussions were: (1) carelessly developed to (7) carefully developed

The manner in which participants examined issues was: (1) non-constructive to (7)
constructive

The team’s progress toward reaching conclusions on discussions was: (1) insignificant to
(7) significant

Source: Gouran et al. (1978)
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