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Abstract. Globalization and dynamic economic conditions have exponentially increased the use of virtual work in organi-
zations. Effectiveness in software development teams, therefore, is now a relevant issue in business, psychology or other
fields. Despite the uniqueness of software development teams and their work conditions, their effectiveness has not been
sufficiently researched to clearly determine how it relates to personality traits, work challenges and the virtualization level.
To expand the understanding of the mechanisms that influence team effectiveness in software development, an ecological
framework is selected. The purpose of this study is to explore the relationship between personality traits, work factors and
team effectiveness within the context of software development teams. Methodology: The exploratory study was conducted
in international software development companies operating in Lithuania. Forty-five software development teams (N = 142)
filled in the Team task performance scale, Hexaco-PI-R questionnaire and rated perceived work challenges and team virtu-
alization level. The statistical analysis was conducted with SPSS. This survey is an initial stage of a larger project. Findings:
Personality traits Conscientiousness and Extraversion relate to team effectiveness. In software development teams the most
prevalent work challenges were time zone differences, lack of information when working on a project, and lack of a clear
purpose. Lack of information and poor foreign language skills negatively affect team effectiveness. A higher virtualization
level is associated with more frequent work challenges (culture and foreign language challenges, time zone differences) and

team performance.
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Introduction

Globalization and dynamic economic conditions have
exponentially increased the use of virtual work in or-
ganizations (Bogdal-Brzezinska, 2020). Consequently,
the traditional physical work environment becomes less
common (Constant et al., 1996), whereas different virtual
work forms take lead instead (Raghuram et al., 2019).
Companies gain competitive advantage in business as well
as in the labor market by building global collaboration
(Thuong, 2019), adopting technological advances, and ap-
plying the informative-communicative (ICT) appliances
in daily practices (Grenier & Metes, 1995; Miles & Snow,
1986, 1992). Organizations, work groups, and single em-
ployees apply ICT to daily work practice and move their
work to the cyberspace. The number of virtually work-
ing people (Lipnack & Stamps, 1997; McDonough et al.,
2001) and virtual organizations (Carmel & Agarwal, 2001;

McDonough et al., 2001) is predicted to be on the increase
in the future. These factors make software development
teams and their performance efficiency a relevant issue to
business, psychology, and other fields.

Innovation and ITC’s usage in organizations have al-
tered the nature of work (Morrison-Smith & Ruiz, 2020).
Labor processes have been transformed: work can be ge-
ographically dispersed, and new work-like activities are
created (Raghuram et al., 2019; Webster & Randle, 2016).
However, virtual work is predominant only among some
types of organizations, mostly in the software develop-
ment (Information Technology, IT) sector. Software de-
velopment companies are specific in that they operate in
a unique organizational environment, in which the form
of working virtually with no direct contact seems to be
efficient. Such companies are often global, intercultural,
inter-organizational, and self-managing, whereas their
teams carry out related tasks and share responsibility for
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the result but organize work virtually. The high expectations
for IT solutions raise the requirements for the quality of
work (Brownell, 2006; Xiang et al., 2013). Clients demand
excellent performance from software developers, who are
expected to generate new ideas and make creative decisions
in a short time (Colomo-Palacios et al., 2014; El-Sofany
et al., 2014). Since software developers are compelled to
accept changes, their ability to adapt is crucial. Therefore,
employees have to find ways to manage unique work factors
and personal capacities in order to be effective.

Software development teams have specific work con-
ditions. Aforementioned differences between virtual, col-
located and global teams stem from their contextual envi-
ronment. According to the ecological framework, internal
environment, external environment, and boundaries all
have an immediate impact on a virtual team’s effectiveness
(Lankes et al., 2005). The ecological framework stresses
the critical role of the environment through a reciprocal
interdependency between internal processes and the ex-
ternal environment, and it has been previously used for
virtual team studies (Shachaf & Hara, 2002). It consists
of components that are critical to virtual team effective-
ness: microsystem (as personality traits, communication
pattern in team), mesosystem (as lack of information
when working on a common project, lack of clear team
goals), macrosystem (as virtuality level, time zones, cross-
cultural team), exosystem (as software developing), and
macrosystem (general environment). There has been little
work done in examining the challenges faced by virtual
teams (Morrison-Smith & Ruiz, 2020).

The effectiveness of a project team leads to work qual-
ity and productivity (Norhanim, 2019). Despite that, the
effectiveness of teams has not been investigated enough,
which leaves the importance of personality traits, work
challenges and virtualization level unclear. Most stud-
ies investigate collocated, non-spread team performance
(Higgs & Dulewicz, 2016; Ewen et al., 2013; Stelmokiené,
2012), with direct communication (emigrants, students)
(Felker, 2012; Stelmokiené, 2012) or with temporary vir-
tual communication (Yilmaz & Pefia, 2014). The influ-
ence of personality traits on effectiveness has been studied
only in specific cultures (Horwitz et al., 2003; Paik et al,,
2000), but not globally. Furthermore, the correlates of
virtual IT team effectiveness have been analyzed mostly
in literature review articles (Engle et al., 2015; Morrison-
Smith & Ruiz, 2020), and in the managerial or techno-
logical context (Dobre & Xhafa, 2014; Chatzipetrou et al.,
2015; Jokubauskiené, 2013; Lazzarotti et al., 2015). Since
a psychological approach is usually lacking, it is difficult
to establish how previous results might be used for the
explanation of software development team effectiveness.

Research linking personality traits and work factors to
effective performance within the context of IT teams has
been limited. Thus, this paper aims to explore software
development teams and their effectiveness taking into
account such psychological factors as personality traits
and perceived work challenges.

1. Team effectiveness in software development

The effectiveness of software development teams is widely
investigated (Colomo-Palacios et al., 2014; Dingseoyr &
Dyb4, 2012; El-Sofany et al., 2014; Moe & Dingseyr, 2008).
A high-performing team is recognized as one of the essen-
tial conditions for running a successful organization. Team
members work together towards specific goals and assume
some responsibility for team success (Moe & Dingsoyr,
2008). However, teamwork is more often explored from a
managerial perspective, focusing on one type of a specific
task (e.g., decision-making, idea generation) or comparing
the performance between some tasks (Colomo-Palacios
et al., 2014; El-Sofany et al., 2014). Gained information
validates organizational factors as actual environment
meaningful for team effectiveness (El-Sofany et al., 2014).
In software development teams, technological innovation
and technical skills are a priority, with insufficient empha-
sis placed on the social component and socio-emotional
competences (Dingseyr & Dyb4, 2012). This narrow per-
spective of the conducted research opens a major gap in
the study of software development teams.

According to some scholars, software development
team effectiveness refers to the team’s ability to accomplish
its assigned tasks (Shea & Guzzo, 1987). However, such a
definition is more in line with the concept of productivity.
Team effectiveness differs from team productivity. Psycho-
logical factors, such as team interaction and satisfaction
with cooperation in team, also contribute to team effec-
tiveness, while team productivity may be conditioned by
the general environment (Moe & Dingseyr, 2008). Thus,
team effectiveness does not only encompass performance
but also such elements as human and cooperative aspects
(Dingseyr & Dyba, 2012), socioemotional consequences
of group action, and member satisfaction and attrac-
tion to the group (Sundstrom et al., 1990). A number of
frameworks have been composed to bring together the
most important components of teamwork (Dingseyr &
Dyba, 2012; Salas et al., 2005), however, their evaluation
and implementation in practice is difficult (Moe & Ding-
soyr, 2008; Dingseyr & Dybd, 2012). This paper relies on
several studies (Hoegl & Gemuenden, 2001; Gladstein,
1984; Denison et al., 1996) in which team success is con-
ceptualized by such common components as performance
and satisfaction. According to Hoegl’s team effectiveness
model, teamwork quality is described as team perfor-
mance and personal success (Hoegl & Gemuenden, 2001).
In the cross-functional team effectiveness model (Deni-
son et al., 1996), team effectiveness is explained through
growth satisfaction and overall effectiveness. In the group
effectiveness model (Gladstein, 1984), team effectiveness
is measured by performance and satisfaction. We define
team effectiveness as task performance and member sat-
isfaction with teamwork.

Each member contributes to team efficiency. Person-
ality traits and communication skills are critical compo-
nents of team effectiveness (Hackman & Oldham, 1980;
Shea & Guzzo, 1987; Sundstrom et al., 1990). Contextual
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surrounding has an immediate impact on the virtual team
effectiveness as well (Shachaf et al., 2005). To be adaptable
in uncertain situations, self-managed software develop-
ment teams must maintain a sufficient level of autonomy
(Dingseyr & Dyba, 2012). Effectiveness in a team is pos-
sible only by supporting technological processes with so-
cial components of the team (Dingseyr & Dyba, 2012).
Therefore, the effectiveness of the team should be analyzed
with a variety of dimensions, both at the team and at the
individual level.

To study the effectiveness of software developers more
closely, personality and work factors must be considered.
It remains unclear which work factors contribute to soft-
ware developer team effectiveness.

1.1. The role of personality in software development
team effectiveness

According to personality traits theories (Allport et al.,
2003), traits represent the basic tendencies we use to adapt
to our environment thus they can be linked to individual
and team effectiveness. Personality traits and communi-
cation style have a combined effect on the productivity
of the organization (Norhanim, 2019; Solaja et al., 2016).
Language fluency, good communication skills, trust, ac-
cessibility and independence correlate with successful
communication. Personality traits influence employees’
beliefs about perceived virtual team communication and
performance effectiveness (Jacques et al., 2009). On the
individual level, personality traits are important for indi-
vidual performance (Cruz et al,, 2015). In the context of
technology supported virtual team collaboration, person-
ality traits have also been argued to affect an individual’s
disposition to trust and willingness to collaborate (Brown
et al., 2004). Team composition is important not only for
individual but also for team efficiency in a virtual team
(Norhanim, 2019). Personality styles may contribute to
project team overall success (White, 1984; De Vreede
et al., 2012).

Over the last decade, scholars have questioned the ca-
pacity of the five-factor personality model to describe the
personality structure. A six- factor personality model was
proposed and found to be superior to the five-factor mod-
el in terms of all three — the psychological, the theoreti-
cal, and the practical - aspects. In HEXACO personality
model, personality traits can be broadly organized into six
dimensions as extraversion, honesty-humility, emotional-
ity, agreeableness, conscientiousness, and openness to ex-
perience (Ashton & Lee, 2009). Therefore, this study uses
the latter model.

Extraversion correlates positively with individual per-
formance in jobs involving social interaction in local
teams (Barrick & Mount, 1991) and is the key personality
correlate with individual impact on group performance
(Barry & Stewart, 1997). There is disagreement whether
extraversion facilitates positive or negative results for a
team. In some studies, extraversion seems advantageous
to a team’s operations, enhances the participation of team
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members and team satisfaction, as well as the promotion
of team performance (Barrick & Mount, 1991; Hogan
et al., 1994). Furthermore, positive emotional interac-
tion and the establishment of a sense of trust between
team members promote cooperation satisfaction (Join-
son, 2002). On the other hand, some studies show lower
extraversion to positively affect communication and thus
virtual team performance by facilitating or hindering the
exchange of information among group members (Balthaz-
ard et al., 2004). High levels of extraversion and higher
variations in extraversion between team members lead to
less constructive and more passive/defensive interaction
styles within teams (Balthazard et al., 2004; O’Neill et al.,
2014). Introverted individuals perceived themselves as
having more influence and their teams as more cohesive
and communicative than did more extraverted individuals
(Dineen, 2005). Therefore, low levels of extraversion with-
in a team can facilitate team interaction and effectiveness.

Team member honesty — humility contributes to team
effectiveness (Chiu et al., 2016), as it helps the members
be more open-minded, acknowledge their limitations and
mistakes (Owens et al., 2011, notice the strengths of oth-
ers, create a more accurate view of reality (Owens et al.,
2011), as well as be willing to learn from others, be more
open to their colleagues’ new ideas and advice or gaining
information, and has positive implications to teamwork
satisfaction and performance. Humility helps acknowl-
edge the areas of inexperience and to foster learning and
adaptation in a team (Weick, 2001). Thus, high levels of
honesty within a team will facilitate team’s interaction and
team effectiveness.

Individuals scoring high in agreeableness more readily
share knowledge, which results in higher levels of inter-
personal trust (Matzler et al., 2006). In teams, cooperative,
tolerant and helpful persons are welcome. Such individu-
als tend to prevent conflicts (Digman & Inouye, 1986),
and have coordinative skills to solve them (Graziano et al.,
1996). In this regard, if team members are highly agree-
able, the establishment of a sense of trust and relationships
that facilitate team cohesion will be created. Agreeableness
also has a positive impact on the perceived usefulness of a
virtual team (Devaraj et al., 2008). Despite that, agreeable-
ness was not found to be a predictor of job performance
(Judge et al., 1999). We assume that if team members are
highly agreeable it will foster team effectiveness.

Individuals that exhibit openness to experience are re-
ceptive to their surroundings in various domains, inter-
ested in unusual ideas or people, like to experience new
things, and tend to come up with many different ideas.
Personality traits like openness have a positive impact on
the perceived usefulness of a technology (Devaraj et al.,
2008). Openness to experience and positive communica-
tion with others facilitate a sense of trust between team
members, as well as team effectiveness (Barrick & Mount,
1991). Seeking to share and absorb experiences and opin-
ions of others, as well as a willingness to facilitate the op-
erations of the team result in a high degree of team effec-
tiveness (Barrick & Mount, 1991).
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Individuals with very high emotionality feel intense
anxiety in every-day life, need emotional support from
others, and are more empathic. An emotional individual
is tense, worries more than others, and is moody. In stress-
ful situations, an emotional person finds it difficult to con-
trol their impulses (Bruck & Allen, 2003). Emotionality
corelates with self-reported stress and perceived frustra-
tion with workload (Kirkman et al., 2002). Emotionality
creates tension in team communication and may lead to
negative team outcomes in communication, satisfaction
and performance. Thus, low levels of emotionality within
a team facilitate team effectiveness.

A conscientious person is highly achievement-oriented
and has a strong sense of purpose, obligation, and persis-
tence, which helps them perform better (Furumo et al.,
2009). In a team, a conscientious individual prefers to
work alone when they know the solution for the situa-
tion and expects their efforts to be recognized by others.
Conscientious persons show enhanced performance in
vigilance tasks (Kirkman et al., 2002). Conscientiousness
may be positively related to team performance because of
the careful and thorough accomplishment of tasks, aided
by a strong sense of purpose, obligation and persistence.

Psychological factors have been mistakenly ignored
as an element that does not impact IT team effectiveness
(Chujfi & Meinel, 2015). Recent studies insufficiently as-
sess the importance of personality traits in software devel-
oper teams. Most studies investigate specific personality
traits (Eissa et al., 2012; Owens et al., 2013; Chiu et al.,
2016), personality traits are analyzed in a managerial
sample (Balthazard et al., 2004; Chiu et al., 2016), in non-
virtual team context (Chiu et al., 2016), and without tak-
ing cross-cultural challenges into account (O’'Neill et al.,
2014). Researchers are more interested in the obvious
differences between IT team members — they assess their
demographic characteristics (age, gender, educational dif-
ferences), but fail to answer what personality traits and
work factors are meaningful for team effectiveness and
teamwork satisfaction.

Based on the previous literature review, we assume
that higher conscientiousness, openness to experience,
agreeableness, humility, and lower extraversion and emo-
tionality of software team members are positively related
to team effectiveness.

1.2. Work factors as perceived challenges in
software development teams

While the IT sector is the most innovative and most likely
to evolve, it has its own specific work conditions and chal-
lenges. Global virtual work is beneficial to its employees —
the work is positively evaluated as complex, creating learn-
ing opportunities and thus promoting innovation, satis-
faction and engagement (Nurmi & Hinds, 2016). Highly
competent, talented teams are often trusted to make de-
cisions on their own. Intercultural virtual teams can de-
velop new ideas that can improve innovation and creativ-
ity, combining different team member opinions (Zakaria

et al., 2004). Facilitating virtual team collaboration and
understanding their needs can boost team creativity, and
provide competitive and organizational advantage.

Otherwise, virtual environment creates challenges.
Continuous change brings uncertainty, tension and stress
(Naik & Bisht, 2014). Software development teams are
characterized by cultural diversity, geographical spread,
electronic dependence, and structural dynamism (often
changing team members) (Gibson & Gibbs, 2006) termed
as “global distance” (Noll et al., 2010). A systematic lit-
erature review identified global dispersion dimensions -
geographical dimension (as different time zones), work
dispersion (as lack of clear purpose, failure to work on a
virtual basis), cultural dispersion (as different cultures),
and organizational dispersion (as lack of information
when working on a common project/product, conflicts
between team members) (Morrison-Smith & Ruiz, 2020;
Nguyen-Duc et al., 2015). A combination of work factors
gives rise to differences which may also pose some sub-
stantial challenges (Jarvenpaa et al., 1999).

Work factors are analyzed as conditions that are im-
portant for team effectiveness (Morrison-Smith & Ruiz,
2020; Verburg et al., 2013). Specific work factors, such as
cultural diversity and a shared unique knowledge, increase
innovation and creativity but reduce fluent coordination
and cause misunderstandings. Virtuality and work chal-
lenges, such as time zone differences, lack of information,
lack of clear team goals, conflicts in team, and different
cultures, are meaningful work factors for performance.
Even though work challenges that virtual IT workers face
might affect the effectiveness of the performance, they
continue to be poorly examined (El-Sofany et al., 2014).
Hence, it becomes vitally important to analyze the impact
of work factors on efficient team performance.

We assume that more frequently experienced work
challenges will be related to lower team performance.

Virtualization level. Companies increasingly use vir-
tual solutions in teams (Maznevski & Chudoba, 2000).
The degree of virtuality is defined and measured as the
amount, frequency, and quality of electronically medi-
ated communication (Niederman & Beise, 1999; Verburg
et al,, 2013). Virtual teams consist of two or more persons
who collaborate interactively to achieve common goals,
while at least one of the team members works at a dif-
ferent location, even at a different time zone, thus their
communication and coordination is mainly based on elec-
tronic communication media (phone, fax, e-mail, video
conference, etc.) (Hertel et al., 2005). Virtuality resides on
a continuum from low to high (Raghuram et al., 2019).
Therefore, use of electronic communication is meaningful
to explore team virtualization level and its consequences
(Axtell et al., 2004).

Team virtualization level is one of the work factors
that might affect team performance (Wang & Hsu, 2012).
Virtualization can improve job satisfaction and organiza-
tional efficiency (Kommeren & Parviainen 2007; Sooraj
& Mohapatra, 2008), and save organizational resources
(Smite et al., 2010). Members of a virtual team can easily
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communicate and work together, readily meet the needs
of different clients, participate in global projects, and con-
tact colleagues abroad. Best employees may be recruited
without needing to relocate. Virtual teams can sustain the
flexibility of their organizations.

However, distant communication raises the challenge
for the virtually working IT specialists to communicate
their ideas clearly and solve work problems effectively
in a cyberspace (Gassmann & Von Zedtwitz, 2003). Re-
search results show that virtual teams are characterized
by large staff turnover and difficulty in implementing IT
projects on time (Colomo-Palacios et al., 2014; Li et al,,
2016). Working in a virtual team requires more work and
is usually less productive (Colomo-Palacios et al., 2014).
Few empirical studies analyze the features of a long-term
virtual work team, thus the levels of effectiveness of virtual
teams remains a controversial topic.

Comparing performance of traditional and virtual
teams, the level of satisfaction is lower for virtual com-
pared to traditional teams (May & Carter, 2001), whereas
distributed teams made worse decisions than the control
groups (Dennis & Wixon, 2001-2002). We assume higher
virtualization level to be associated with more frequent
work challenges and to negatively corelate with software
developer team performance. Other work challenges may
be analyzed through global dispersion dimensions - geo-
graphic dimension, work dispersion, cultural dispersion
and organizational dispersion (Nguyen-Duc et al., 2015).

Geographical dimension is defined as a physical separa-
tion and may be evaluated through different time zones
(Nguyen-Duc et al., 2014). Due to the geographical dis-
tance between the team members, they communicate in
a virtual manner (Martins & Schilpzand, 2011). Time
difference is evaluated as a frequent boundary in virtual
teams (El-Sofany et al., 2014). Such distance factors are
tightly coupled with social and emotional factors and
correlate with a set of challenges that greatly affect vir-
tual teams (Morrison-Smith & Ruiz, 2020). Time differ-
ences can have a negative impact on team productivity,
and distribution of activities has a direct impact on the
overall project outcomes (Avritzer et al.,, 2010). Remote
and rare direct communication complicate effective col-
laboration (Gassmann & Von Zedtwitz, 2003). According
to Pettersen (2020), employees who are close geographi-
cally are also close to the social structure in which other
colleagues reside, and work problems may be solved more
easily. Geographical distance together with time, cultural
and language differences may create boundaries for the
effectiveness of software developer teams (El-Sofany et al.,
2014; Morrison-Smith & Ruiz, 2020).

Work dispersion is described as differences in tasks,
work environment, tools and development practices, and
may be evaluated through the lack of a clear purpose
and failure to work on a virtual basis (Nguyen-Duc et al.,
2015). Software development teams often lack clear hier-
archies and structures (Collins et al., 2017), which reflects
on their working model. The more virtual the team is, the
more independent work is desirable. This may decrease
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team members’ efforts to reach the goal. Lack of a clear
objective for projects is the most common problem (El-
Sofany et al., 2014) that makes work in a virtual environ-
ment more challenging.

Cultural dispersion refers to the cultural, linguistic and
background differences among team members, and may
be assessed as cultural differences or difficulties in speak-
ing foreign languages (Nguyen-Duc et al., 2014). Cultural
diversity within a team can cause confusion among mem-
bers and negatively affect mutual understanding (Collins
et al,, 2014; Norhanim, 2019). Cultural differences together
with different values and attitudes serve as a filter for en-
vironmental perception (Norhanim, 2019). Cross-cultural
virtual teams are less cohesive, their members have less
confidence in each other (Gibson & Gibbs, 2006), it is dif-
ficult for them to communicate and effectively coordinate
work processes (Hinds & Mortensen, 2005).

In order to be effective, precise and consistent in in-
formation exchange and intensive cooperation, fluent lan-
guage skills are significant for trust and cultural sensitivity
in teams (Henry & Hartzler, 1998). Poor foreign language
skills may become a boundary to fluent communication
and be evaluated as challenging in virtual teams (El-So-
fany et al., 2014).

Organizational dispersion encompasses differences in
objectives, development strategies, organizational struc-
ture and communication, and may be assessed as lack of
information when working on a common project or con-
flicts between team members (Nguyen-Duc et al., 2015).

Lack of information while working on a common pro-
ject and lack of clear team goals can significantly reduce
the effectiveness of virtual IT teams. Perceived (subjective)
distance as impression of how far others are may have a
greater effect on relationship outcomes (Morrison-Smith
& Ruiz, 2020). In virtual teams, the performance success is
more dependent on the value of the available information
and knowledge, therefore, the exchange of information
and smooth communication is more significant than in
collocated teams (Collins et al., 2014). If team members
are not ready to share their knowledge to help others, ef-
fectiveness decreases significantly.

Misunderstandings among team members, task and
relationship conflicts due to their differences are more
likely to emerge in virtual than in collocated teams. Dis-
tant teams lack physical meetings, which are important
for establishing trust and getting acquainted with fellow
team members (Morrison-Smith & Ruiz, 2020; Pettersen,
2020). Teams face communication, coordination and
control challenges (Avritzer et al., 2010; Casey & Rich-
ardson 2009; Garcia-Crespo et al., 2010). Teams working
with outsourcing tasks have been found to lack impor-
tant insights into the social structure to which their work
problems and colleagues belonged (Pettersen, 2020). Re-
lationship conflicts are frequent in virtual teams, and they
reduce satisfaction and commitment toward the team, in-
crease stress and anxiety, and limit information processing
abilities of the team members (Jehn, 1995, 1997; Simons
& Peterson, 2000).
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Virtual IT team often suffers from cultural differences,
interpersonal problems, communication misunderstand-
ings, and stressful environments (Collins et al., 2014;
Morrison-Smith & Ruiz, 2020). However, which of them
are more frequent in software developers’ teams remains
unclear. Although research is segmental, it can be assumed
that more frequent challenges negatively affect the perfor-
mance of the virtual team.

The purpose of this study is to explore the relationship
between personality traits, work factors (work challenges
and virtualization level) and team effectiveness within the
context of software development teams.

Thus, the following hypotheses were developed:

Hypothesis 1: Higher humility, agreeableness, consci-
entiousness, openness to experience, and lower extraver-
sion and emotionality are positively related to software
developers’ team effectiveness.

Hypothesis 2: More frequently experienced work chal-
lenges are related to lower software developers’ team per-
formance.

Hypothesis 3: A higher virtualization level is associ-
ated with more frequent work challenges and negatively
corelates with software developer team performance.

2. Methodology

2.1. Sample and procedure

The participants of this study were software developers
working in teams. Forty-five teams with 142 employees
from 8 organizations participated in the study. The aver-
age team size was 8 members (from 6 to 10), the mean
work experience was 5 years (the mean - 5 years, SD =
9 years). The average work experience at current company
was 3.21 years, SD = 7.53. 85 percent of the respondents
were working with colleagues from other countries. The
mean age of the subjects was 28 years (range from 20 to
56 years). The study involved 107 men and 35 women
(N = 142). Seventy-nine percent of the subjects had a
higher education.

Data were collected using convenience sampling. For
each team, all members received an introductory letter and
a link to an online questionnaire. Each potential partici-
pant was asked to complete a 20 minute online survey. The
survey was conducted in Lithuanian. The questionnaire
was introduced as a set of questions regarding virtual team
peculiarities. Research instruments were chosen based on
previous studies (Huang et al., 2002; Ashton & Lee, 2009),
covered areas targeted in the present study (Wang & Hsu,
2012; Ashton & Lee, 2009), and were applied in the soft-
ware development team sample (Wang et al., 2012).

2.2. Instruments

Team performance effectiveness (TPE) was measured by the
Team task performance scale (Tjosvold, 1988; Huang et al.,
2002), consisting of two sub-scales (performance subscale
and satisfaction with team cooperation subscale). The re-
sults of individual sub-scales are used separately in the

calculations, and the total score of the team performance
is not calculated (Wang & Hsu, 2012). The questionnaire
consists of 10 items, measured by the 5 points in the Lik-
ert scale: very often, quite often, sometimes, rarely, never.
The theoretical model is confirmed empirically (Hsu et al.,
2007). Other researchers use this questionnaire to assess
team effectiveness in IT sector (Wang, 2010).

Performance subscale (Cronbach o = .86) (Wang et al,,
2012) contains six items concerning task efficiency (in-
cluding outcomes, quality, innovation, rate of progress,
and other measures of success). Higher scores indicate a
higher level of task performance. For example, “The team
reached the target well”

Satisfaction subscale (Cronbach o = .90) (Wang et al.,
2012) contains four items concerning employee satisfac-
tion with their teamwork (including satisfaction with team
cooperation or perception of their interactions, and the
degree of optimism for future cooperation). Higher scores
indicate a higher satisfaction with teamwork. For example,
“I felt very happy in the process of participating in the
team”

Personality traits were assessed by Hexaco-PI-R ques-
tionnaire (Ashton & Lee, 2009) that is designed to explore
the six-factor personality model. The questionnaire con-
sists of 60 items, measured in terms of Honesty — Humil-
ity (Cronbach a = .60), Emotionality (Cronbach o = .78),
Extraversion (Cronbach a = .80), Agreeableness (Cron-
bach o =.75), Conscientiousness (Cronbach a = .75) and
Openness to Experience (Cronbach a = .69). All items in
the questionnaire were rated on 1 (disagree) to 5 (agree)
Likert scale. The theoretical model of six personality traits
is confirmed empirically (Lee et al., 2005), in different cul-
tures (Ton et al., 2017).

Work challenges. Respondents answered questions
about perceived work challenges. Work challenges were
chosen based on a literature review. Seven frequent chal-
lenges (lack of clear purpose, lack of information while
working on a common project, conflicts in team, cultural
differences, poor foreign language skills, failure to work
on a virtual basis, different time zones) were included as
items in the survey. Higher scores indicate a higher level
of work challenges within teams. The statements are meas-
ured on the 5 point Likert scale.

Team virtualization level was assessed by Team virtu-
alization level questionnaire (Wang & Hsu, 2012). Using
five items, team members were asked to indicate the team
virtualization level. The five questions encompassed three
dimensions: the frequency of virtual tools use (example
item “Please indicate the extent to which your team uses
IT tools in their communication as a percentage of the
tools used”), informational value (example item “The team
members can access the database in order to retrieve the
information they need at any time”), synchrony (exam-
ple item “During the operation process, in addition to
traditional face-to-face communication, the team mem-
bers also use other types of IT tools as communication
tools”). Higher scores indicate a higher level of virtualiza-
tion within teams. The statements were measured on the 5
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point Likert scale (Cronbach a = .92). Studies have shown
that the scale is applied in the information technology sec-
tor to assess the degree of virtuality, and the theoretical
model has been validated empirically (Wang & Hsu, 2012;
Wang, 2010).

Socio-demographic information. Respondents provided
basic socio-demographic information (gender, age, educa-
tion, work experience, working in a cross-cultural team).

3. Results

3.1. Personality traits in software development teams

Personality traits and team effectiveness. First of all, data
analysis was done by using descriptive statistics (mean,
standard deviation for components and questions in the
questionnaire), correlation test and regression analysis
to test hypothesis of the relationship between personal-
ity traits and team effectiveness (SPSS.23 was used). The
Pearson zero-order correlations between personality traits
and team effectiveness were analyzed (see Table 1).

Table 1. Means, Standard Deviations and Correlations for
measures used in the study at the individual level

Perfor- Satis-
Variables Means | SD mance faction
(TE) (TE)
1. Performance (TE) 3.99 71 1 .248%*
2. Satisfaction (TE) 4.30 78 .248%* -
3. Honesty-Humility 3.56 49 332%* .065
4. Emotionality 3.00 .70 182 .198*
5. Extraversion 3.12 .68 .079 182
6. Agreeableness 3.33 60 | —.296** 282%*
7. Conscientiousness 3.78 .58 .210* .057
8. Openness to 338 | 60 | 237 065
Experience

Note: *p < .05, *p < .01.

Software developers’ personality traits are important to
team performance at the individual level. Personality traits,
as Honesty-Humility (r = .332, p < .01), Emotionality (r =
.198, p < .05), Conscientiousness (r = .210, p < .05), Open-
ness to Experience (r = .237, p < .05), correlate in a sig-
nificant positive direction with team effectiveness (as task
efficiency in performance subscale or as employee satisfac-
tion with their teamwork in satisfaction subscale) with the
exception of Agreeableness. Positive relationships emerged
between Agreeableness and Satisfaction scale (r = .282, p <
.01), but Agreeableness negatively correlates to Performance
scale (r = —.296, p < .01). These findings explain that while
Agreeableness contributes to higher satisfaction in team-
work, it does not lead to higher productivity.

For comparison purposes at the team level, five teams
with the highest and lowest performance ratings were
identified. Estimates of their members’ personality traits
were compared by one-way analysis of variance (ANO-
VA) between high or low performance groups and team
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performance. There were no statistically significant differ-
ences between groups.

3.2. Work factors and team effectiveness

Main challenges of working in a software team. Frequent
challenges are presented by the means of the work fac-
tors (in Table 2), where a higher average indicates a more
frequent challenge. From the seven work challenges that
were presented to the respondents, the most common
choices were time zone differences, lack of information
when working on a common project, lack of clear team
goals, and different cultures.

Table 2. Distribution of reported challenges while working in
software development teams

Variables Means (Likert Scale)

1. Time zone differences 3.5
2. Lack of informa.tion when working 29
on a common project/product

3. Lack of clear purpose 2.52
4. Different cultures 2.21
5. Conflicts between team members 1.74
6. Failure to work on a virtual basis 1.65
7. Do not speak foreign languages 1.52

To assess whether work challenges took effect on team
performance, a one-way analysis of variance (ANOVA) was
conducted on seven work challenges. Mean levels signifi-
cant for team performance are presented in Table 3. In Ta-
ble 3, the ANOVA on lack of clear purpose F(16, 62) = 1,73,
p < 0.05 and do not speak foreign languages F(16, 82) =
2.39, p < 0.01 revealed a significant main effect for the Per-
formance subscale. Consequently, lack of a clear goal and
lack of language skills reduced employee productivity.

Table 3. ANOVA results using Performance and Satisfaction
as criterion

Variables Sum of df Mean F p
Squares Square
Performance subscale
29.38 16 1.84 .
1. Lack of clear purpose 9724 | 82 | 106 | 173] 05
2. Do not speak foreign 16 | 1.36 ot
languages 108 82 | 057 2.39.01

Satisfaction subscale

1,hLa111ck of lglformatlon 26.43 11 2.40 1.91 | .05*
when working on a 109.34 | 87 | 1.26 | '
common project

2. Contflicts between 21.36 | 11 | 1.36 310 | o1+
team members 54.60 | 87 | .57 ’ ’

. 2952 | 11 | 2.68 .
3. Different cultures 12164 | 87 | 140 1.92| .05
4. Do not speak foreign | 17.09 | 11 | 1.55 263 | 01%*

languages 5136 | 87 | .59
Note: *p < .05, *p < .01.
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High levels of work challenges have an effect on Sat-
isfaction subscale (see Table 4). There was a significant
effect of work challenges on team performance in Satis-
faction scale at the p < .05 level for the three conditions:
lack of information when working on a common pro-
ject [F(11, 87) = 1.91, p < .05], conflicts between team
members [F(11, 87) = 3.1, p < .01], different cultures
[F(11, 87) = 1.92, p < .05], do not speak foreign languages
[F(11, 87) = 2.63, p < .01]. In other words, employees’ lack
of language skills, cultural differences, conflicts between
team members, and lack of information while working
on a single project reduced employee job satisfaction in
a team.

According to the results, problems that respondents
encounter while working in an allocated team affect team
performance at the individual level.

At the team level, five teams with the highest and low-
est performance ratings were identified. Estimates of work

Table 4. ANOVA results using Performance and Satisfaction as
criterion in five teams with the highest and five teams with the
lowest performance ratings

Variables Sum of df Mean F p
Squares Square
Performance subscale
1. Lack of clear 5.24 1 5.25 "
purpose 31.00 | 31 1.00 225 | 03
when working 4328 | 31 | 140 |- :
common project
3. Conflicts between 1.58 1 1.58 223 15
team members 21.94 31 71 ’ :
. 2.22 1 2.322
4. Different cultures 45.97 31 148 149 | .23
5. Failure to work on 2.68 1 2.68
virtual basis 27.20 31 .88 3.051 .09
6. Do not speak .07 1 .07 17 | 68
foreign languages 12.17 | 31 .39 ’ '
7. Different time .01 1 .01
zones 52.06 31 1,68 01 96
Satisfaction subscale
1. Lack of clear 7.29 1 7.29 -
purpose 3022 | 31 | o8 |748]01
koo g |1 |
: 35.56 31 1.15 ’ ’
common project
. 1.21
3. Conflicts between 1.21 1 L0z 119 | 28
team members 31.51 31 ) ’ )
. .61 1 6.11
4. Different cultures 58.72 31 1.89 32 | .57
5. Failure to work on 41 1 41
virtual basis 4050 | 31 | 131 | 1| 0%8
6. Do not speak .32 1 .32 39 | 54
foreign languages 25.56 | 31 .82 ’ '
7. Different time 51 1 51
zones 53.56 31 1.73 29 | 59

challenges were compared with the help of one-way analy-
sis of variance (ANOVA) between high or low team per-
formance groups. Statistically significant differences be-
tween groups’ equality of means emerged in Lack of clear
purpose in high and low Performance subscale means
F(1, 31) = 5.25, p < .05, and in high and low Satisfaction
subscale means F(1, 31) = 7.48, p < .05. Such results reaf-
firmed that the lack of clear information about the goal
not only reduces job satisfaction in the team but also its
performance on both individual and team levels.

3.3. Virtualization level and work challenges

Higher virtualization level is associated with more frequent
work challenges. The virtualization level has a significant
effect on work challenges for three conditions: Conflicts
between team members [F(8, 66) = 1.92, p < .05], Differ-
ent cultures [F(8, 66) = 3.44, p < .01] and Failure to work
on a virtual basis [F(8, 66) = 2.92, p < .01] (see Table 5). In
other words, with a higher level of virtuality, respondents
were more likely to experience conflicts in teams, find it
more difficult to overcome cultural differences, and adapt
to work virtually.

Table 5. ANOVA results using virtualization level as criterion

Mean

Sum of daf
Square

Variables
Squares

1. Lack of information

when working on a 973 8 1.22 97 47
< 8294 | 66 1.26 ’ ’

common project

12.21 8 1.53
2. Lack of clear goal 68.53 | 66 Loa | 147 ] .19

3. Conflicts between 16.68 8 2.68

*

team members 39.99 | 66 1.40 1921 .05

. 1709 | 8 | 2.09 »
4. Different cultures 5136 | 66 61 3.44 | .01
5. Failure to work on | 21.06 8 2.63 292 | o1+
a virtual basis 59.61 | 66 .90 : :
6. Do not speak 4.32 8 .54 74 66
foreign languages 4843 | 66 73 ’ '
7. Time zone 8
differences 26.62 66 3.33 1.93 .07

Virtualization level and performance. At the individual
and team level, high degree of virtualization affects the ef-
fectiveness of the team (at the individual level, Satisfaction
subscale [F(8, 82) = 2.16, p < .05] and at the team level, Sat-
isfaction subscale [F(1, 26) = 4.85, p < .05]), see Table 6.

Table 6. ANOVA results using virtualization level as criterion

Variables Sum of Mean
(INDIVIDUAL Squares df Square F P
LEVEL) qu qu
1. Performance 5.76 8 72 1711 11
subscale 34.57 82 42 : ’
. . 8.61 8 1.08 "
2. Satisfaction subscale 40.88 32 50 2.16 | .04
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End of Table 6

Variables Sum of daf Mean F
(GROUP LEVEL) Squares Square P
1. Performance .55 1 .55
subscale 10.34 25 41 133 .26
e 127 | 1| 127 .
2. Satisfaction subscale 6.83 2% 26 4.85 | .04

Discussion and Conclusions

The purpose of this study was to identify and explore the
relationship between personality traits, work factors and
team effectiveness within the context of IT teams.

Our study makes three important contributions. First,
results of this study support the use of personality traits as
predictors of team performance. Results indicate that per-
sonality traits are important to team effectiveness on the
individual level as well. First hypothesis was partially con-
firmed. Individually expressed higher levels of Humility,
Conscientiousness, and Openness to Experience positively
relate to team Performance and Satisfaction.

Higher Performance subscale, which includes out-
comes, quality, innovation, rate of progress, and other
measures of success, positively correlates with Humil-
ity and Openness to Experience but relates negatively to
Agreeableness.

Higher Satisfaction with their teamwork (including
satisfaction with team cooperation, or member percep-
tion about their interactions and the degree of optimism
for future cooperation) positively relates to Emotionality
and Agreeableness.

According to the results, lower Extraversion and Emo-
tionality are not related to team Performance and Satisfac-
tion. There were no statistically significant differences be-
tween groups on the team level. According to the results,
respondents with a more pronounced Honesty-Humility
trait tend to assess their team Effectiveness more posi-
tively. A strong Honesty-Humility trait may lead to atten-
tiveness and being strict to team Performance. Otherwise,
Honesty-Humility appears to be an important personality
trait in predicting job performance (Johnson et al., 2011).
Conscientiousness correlates with team performance as
well. Persons with high scores on the Conscientiousness
scale strive for accuracy and perfection in all environ-
ments and work in a disciplined manner toward their
goals. They embrace difficult tasks or challenging goals.
This personal trait positively relates to team performance.

Positive relationships emerged between Agreeableness
and the Satisfaction scale, however, Agreeableness nega-
tively correlates with the Performance scale. Agreeable
persons are naturally kind, have good relationships with
others and are satisfied with their teamwork. Neverthe-
less, Agreeableness does not predict team effectiveness.
This result contradicted earlier studies, which may be ac-
counted for by the different tools used to evaluate per-
sonality traits or assess effectiveness (Wang & Hsu, 2012;
Norhanim, 2019). Team effectiveness is sensitive to task
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peculiarities (Gladstein, 1984) and in other studies it has
been measured by performing different tasks (Santo, 2001;
Norhanim, 2019). For example, people with lower levels
of extraversion and higher levels of openness and consci-
entiousness tend to prefer online training and are more
effective in virtual environments (Santo, 2001). The prob-
lem with such studies is that often they focus on the links
between one specific personality trait and team effective-
ness (Norhanim, 2019), ask respondents about their atti-
tudes toward certain personality traits (i.e., whether they
think a certain trait is beneficial to effectiveness) rather
than use psychological methodology to assess team mem-
ber traits themselves (Norhanim, 2019), or describe per-
sonality traits through managerial constructs (Chiu et al.,
2016). Otherwise, personality traits may not be the main
determinants of team effectiveness, so their relationship to
performance is volatile.

Other results obtained do not contradict previous re-
search. It is assumed that higher individual abilities lead to
higher team performance (Magnusson et al., 2013; Solaja
et al.,, 2016; Norhanim, 2019). The field of work determines
which personality traits are important for operational ef-
ficiency (Driskell et al., 1987; McGrath, 1986). Limited
research attention has been given to software developers’
personality traits and their role to the team composition
(Serban et al., 2015).

Second, the study results indicate that work challeng-
es encountered by the respondents while working in an
allocated team affect team performance. Lack of a clear
purpose and inability to speak foreign languages have a
significant effect on the Performance subscale. Lack of in-
formation when working on a common project, conflicts
between team members, different cultures, and inability
to speak foreign languages had a significant effect in team
Satisfaction. On the team level, teams with the highest
and lowest performance ratings exhibited statistically sig-
nificant differences in lack of clear purpose in the Perfor-
mance subscale and in the Satisfaction subscale means.
According to the analysis, main disadvantages are issues in
conceptual understanding (as lack of clear purpose or the
lack of information), language barriers (team members do
not speak foreign languages), and difficulties in resolving
conflicts in virtual teams.

Communication through technology raises challenges.
Working in multiple locations and in different countries
with varied time zones complicates team communication.
In order to assess temporal discontinuity, such as time
zone differences, they have to work extended days or col-
laborate with people in different time zones in order to
communicate with remote team members (Chudoba et al.,
2005). The obtained results are similar to data reported by
other authors - cultural and work process diversity nega-
tively impact performance (Chudoba et al., 2005). Work
predictability and smooth communication with non-team
members can mitigate the consequences (Chudoba et al.,
2005). And, on the contrary, lack of information when
working on a common project (Collins et al., 2014), lack
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of clear team goals (Collins et al., 2014) and different cul-
tures (Henry & Hartzler, 1998), may negatively impact
performance.

Third, a higher virtualization level is associated with
more frequent work challenges and negatively affects per-
formance. High degree of virtualization negatively relates
to three work challenges — Conflicts between team mem-
bers, Different cultures, and Failure to work on a virtual
basis. The results of this study support that higher virtu-
alization level is associated with more frequent work chal-
lenges in IT teams due to differences between colleagues
from various cultures, difficulties in speaking a foreign
language, and time zones. This coincides with the results
of other surveys which show it to be harder to work in a
virtual environment (Collins et al., 2014; Henry & Hart-
zler, 1998; Martins & Schilpzand, 2011). However, most
previous research is devoted to temporal virtualization
(Gasson & Waters, 2013; Yilmaz & Pefia, 2014), analyzed
in theoretical articles (Engle et al., 2015), or conducted on
a student sample (Yilmaz & Penia, 2014).

At the individual and team levels, high degree of vir-
tualization affects the effectiveness of the team - Satisfac-
tion with the team decreases. Frequent, spontaneous com-
munication reduces the likelihood of conflicts, facilitates
coordination, improves teamwork and creates a sense of
community in a team (Magnusson et al., 2013). Remote
communication and lack of direct communication make
it difficult to cooperate effectively (Collins et al., 2014; Ji-
ang et al,, 2014). Other studies confirm that team distri-
bution, workplace mobility, and variety of work practices
indirectly affect team performance (Chudoba et al., 2005).

In conclusion, study results demonstrate that certain
personality traits, such as higher humility, conscientious-
ness, and openness to experience, positively relate to high-
er team performance and satisfaction, while work factors,
such as lack of a clear purpose and inability to speak for-
eign languages, are a significant main effect for the Perfor-
mance subscale. Lack of information when working on a
common project, conflicts between team members, differ-
ent cultures, and inability to speak foreign languages have
a significant positive effect in team Satisfaction. Higher
virtualization level is associated with more frequent work
challenges in IT teams due to differences between col-
leagues from various cultures, difficulties in speaking
a foreign language, and time zones. It is also associated
with more frequent work challenges and negatively affect
performance.

Considering the theoretical significance of the study,
researchers analyze the importance of factors for team ef-
fectiveness regardless of context — such as organizational
(as virtualization level, work factors) and psychological
factors (as personality traits). However, previous research
in team effectiveness confirm, that some positive correla-
tions (between personality traits of IT project managers
and project success (Creasy & Anantatmula, 2013) can
be seen as prerequisites for team effectiveness in IT or-
ganization. It is likely that organizational factors such as

the degree of virtualization level can change frequency of
work challenges and team effectiveness in IT team. Soft-
ware development teams’ effectiveness has not been suf-
ficiently researched so far, and therefore researchers lack
information on team effectiveness from a psychological
perspective (Kayworth & Leidner, 2001-2002).

The study has practical implications. IT sector has dif-
ficulties in organizing work process — high staff turnover,
difficulties in implementing IT projects on time (Avritzer
et al,, 2010; Casey & Richardson, 2008, 2009; Milewski
et al., 2008 by Colomo-Palacios et al., 2014). IT teams are
still looking for individual solutions, although the chal-
lenges are common to the entire IT sector. Selection or
staff- assessment focuses on technical, organizational
competencies because it is not clear what competencies
or psychological characteristics are important to an effec-
tive IT team (Gibson & Cohen, 2003). For software engi-
neers, our study shows that personality traits can increase
team effectiveness. Therefore, putting more effort into the
recruitment process and assessing personality traits have
important implications for software engineer team effec-
tiveness. Practitioners would benefit taking into account
and reducing negative work factors in a virtual team. Our
findings supplement organizational literature based on
etic observations of the effectiveness of virtual work and
provide a basis for further theorizations on how team ef-
fectiveness is affected by personality traits and work fac-
tors.

Limitations and future research

There are limitations to this study that should be ac-
knowledged. First off, small sample size and self-reported
data are its major limitations. Further research is needed
to confirm the current assumptions. Common method
variance, and cross-sectional design may be an additional
threat to the validity of this study. Moving forward, re-
searchers should incorporate longitudinal designs to un-
derstand the complex nature of team dynamics.

Future research should also extend findings by exam-
ining a higher number of variables. A larger amount of
data would be significant in a more complex statistical
analysis implementation. On the team level, some char-
acteristics (e.g., personality traits) should be explored to
establish whether they are important as homogeneous (the
same personality traits for all team members) or heteroge-
neous (different from other team members) traits that lead
to effective performance.

The study was focused on the performance of software
developers, where the respondents assessed the effective-
ness of their activities themselves. However, other stake-
holders (e.g., leaders, clients, or project managers) may
hold alternative views about team effectiveness. In future
studies, self-reported data may be supplemented by col-
leagues’ assessments or gained as objective data.

According to Raghuram and colleagues (2019), vir-
tual work research is at a stage where some form of
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interdisciplinary overlap still exists, and scholars might be
open to ideas emerging from other research areas. On the
other hand, due to research conducted in different fields
of science, it remains difficult to combine the knowledge
accumulated by researchers and compare the obtained re-
sults.

In future research, virtual work could be treated as a
complement to traditional teamwork rather than its alter-
native. According to Pettersen (2020), virtual work will
not replace traditional teamwork but will build on and
possibly strengthen it through communication and social
relationships that may expand into virtual spaces. The
changes in the labor market in recent years only prove
the relevance of the topic and raise questions for future
research.
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