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ABSTRACT Software development is a cooperative process, which relies upon the integration of knowl-
edge spread across various domains. The shift from the industrial economy toward a decentralized
knowledge-based economy has given knowledge more value and importance for organizations, which oper-
ate globally. Management of knowledge sharing activities becomes challenging and complex, specifically
when operating in a globally distributed organization. The impact of ‘““personal factors” and “‘environmental
factors™ on software developers with regard to knowledge sharing behavior in global software development
organizations is an important subject, which is still not well discussed. The social cognitive theory has
been utilized in the formation of the conceptual model with a focus on knowledge sharing behavior.
This paper examines the impact of key factors, including “time zone difference,” *‘geographic distance,”
“linguistic distance,” ‘“‘trust,” ‘“‘motivation,” and ‘“‘social interaction”” on knowledge sharing behavior.
Self-administrative postal and online questionnaire were used as the medium of data collection. It was found
that ““social interaction” had the strongest impact on knowledge sharing behavior.
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I. INTRODUCTION

Knowledge sharing is “the willingness of individuals,
groups or institutions to convey or spread knowledge to
others” [1]. It is the process in which individuals share the
knowledge with each other [2] Global software develop-
ment (GSD) is generally defined as “software work under-
taken at geographically separated locations across national
boundaries in a coordinated fashion involving real time
synchronous and asynchronous interaction” [3]. Multiple
interconnected teams work together in large sized global soft-
ware development organizations (GSDOs). Successful man-
agement of individual’s working in multiple interconnected
teams requires massive knowledge and skills [4]. Many soft-
ware firms across the globe have opted for GSD because of
cost effective solutions for software development, increased
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product quality [5] and significant return on investment [6].
GSD is a “knowledge intensive activity” which is directly
dependent upon knowledge sharing behavior (KSB) among
distributed software teams [7]. GSD has brought many advan-
tages to the software industry such as cheap resource uti-
lization, follow the sun approach, opportunities for merger,
utilization of expert talent from various regions [8]. But at the
same time GSD faces many challenges [8], [9] such as such as
managing diverse social and cultural identities of team mem-
bers, overcoming coordination challenges, creating homo-
geneous teams with shared understanding and motivating
individuals to share knowledge with development teams [10].

The remainder of the paper is organized as follows:
Section II discusses previous literature and research gap
Section III discusses hypothesis formulation of constructs
used from social cognitive theory (SCT). The proposed
conceptual research model is also presented in section III.
Questionnaire development is discussed in section IV.
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FIGURE 1. Social cognitive theory Bandura, A. (2002).

Sampling and data collection are discussed in section V.
Section VI and VII presents the data analysis and results
respectively. Section VIII discusses conclusion and the
research contribution. Section IX discusses research impli-
cation, limitations and future work.

Il. PREVIOUS RESEARCHES USING SOCIAL COGNITIVE
THEORY
In social cognitive theory, ‘“‘personal factors™, “environmen-
tal factors” and “‘behavior’ act as interrelating contributing
elements which impact each other [11] as shown in figure 1.
Previous researchers have proposed frameworks for KSB
using psychological theories with regards to the software
industry. Tsai & Cheng (2010) used social cognitive theory
to determine knowledge sharing behavior (KSB) of program-
mers. Data was collected from software programmers and
software workers in Taiwan (Tsai & Cheng, 2010). KS “self-
efficacy’, “outcome expectancy” and ‘‘organizational cli-
mate” had positive influence on individual’s intentions to
share knowledge (Tsai & Cheng, 2010). Table 1 presents
review of relevant studies which used SCT along with the
research gap. It can be seen that most of the studies. incor-
porated only “personal factors” while mapping SCT to
the respective frameworks while less attention was paid to
environmental factor which is equally important because in
SCT, both “personal” and “‘environmental” factors predict
“behaviour”, therefore the aim of the current study is to
map both factors to determine the KSB. SCT emphasizes on
the significance of ‘““emotional states”. People’s self-beliefs
of efficacy affect “how much stress and depression they
experience in threatening situations, as well as their level
of motivation” [12]. But in the previous studies it can be
observed that there is less focus on incorporating “‘emotional
factors” . The aim of the current study is also to explore that
impact of emotional factor (motivation) on KSB.

Ill. MAPPING THE SOCIAL COGNITIVE THEORY FACTORS
TO MEASURE KNOWLEDGE SHARING BEHAVIOR

Ever since its introduction, SCT has been widely used in
the context of computer/software training and use [27], [28]
in general Internet use [29] electronic-commerce-related
issues [30], [31] and e-learning [21]. This study used SCT
to measure KSB and there are various reasons to opt
for this theory. i) SCT proposes a continuous reciprocal
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interconnection exists between environmental factors, per-
sonal factors, and human behavior [12]. As this study is also
analyzing above-mentioned factors therefore SCT is well
suitable for this study. ii) SCT also integrates motivational
factors and social characteristics to get in depth understand-
ing of individual behavior [26] which again are important
part of this study as well. iii) SCT allows observation of
human functioning from an encompassing perspective. iv)
SCT can be considered as a ‘“‘meta-level framework” in
which other theories (which focused on individual behavior)
can also be mapped according to the subset of SCT compo-
nents. Based on all the reasons mentioned-above, adoption of
SCT will help us gain in depth understanding of individual
behavior [26]. Further, it will contribute to the development
of a framework for the enhancement of KSB within the
GSDOs.

The motivation behind the adoption of SCT in this study
will be of great importance when it comes to answer the
below-mentioned questions which will be used to fill gaps
in knowledge related to:

(1) how software developers KSB is impacted from “‘per-
sonal factors™ (including “‘trust”, “‘motivation” and ‘“‘social
interaction’) that support or hinder the KSB?

(2) how software developers KSB is impacted from “phys-
ical environmental factors” (such as “linguistic distance’’)
that support or hinder the KSB?

(3) how software developers’ KSB is impacted from
“physical environmental factors” (such as ‘““time zone dif-
ference” and “‘geographic distance’”) that support or hinder
the KSB?

A. ENVIRONMENTAL FACTORS OF SOCIAL COGNITIVE
THEORY

Environmental factors of SCT include the ““social and physi-
cal” environment [32]. The environment is mainly composed
of “physical” and ‘““social”” dimensions. Figure 2 presents the
environmental factors of SCT.

B. MAPPING OF PHYSICAL ENVIRONMENTAL FACTORS
OF SOCIAL COGNITIVE THEORY

Physical environment constitutes of sum of all physical enti-
ties all over the organizations [33]. The impact of global
distance comprising ‘‘geographic and temporal distance”
introduces numerous complications between individuals.
These ‘distance’ factors impede global software development
projects [34]. Previous literature suggest that the behavior of
organizational members gets influenced by the physical lay-
out of workplaces [35]. The outcome of constant interaction
between social and physical environment contributes in the
overall formation of any environment [36]. To achieve mutual
goals various professionals, work together from different geo-
graphic physical locations in GSDOs. Due to ‘““geographic
distance” individuals face communication issues as face to
face communication is not easily not possible. Similarly
“time zone difference” creates obstacles in real time commu-
nication because of difference in working hours of distributed
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TABLE 1. Review of Studies Using Social Cognitive Theory.

Study Context Sample Environmental Factors Personal Factors Behavioural Research Gap
Self Efficacy Outcome Expectancy Others Dependant Var-
iables
Overall computer Research did not explore the
competence, impact environmental fac-
310 Navy stu- General computer self-efficacy and application- Anxiety, affect, declarative ~ domain- specific tors
[13] Computer use .
dents specific self-efficacy knowledge competence
(performance
measure)
. . Research did not explore the
[14] Compy ter 151 students - Computer self-efficacy Computer attltl.}des, computer - Learning perfor- impact environmental fac-
learning experience mance tors
Web_-based 280 teachers Computer self-efficacy and perceived ease of ~ Perceived . . R_esearch dlc.l not explore the
[15] learning sys- - . . Attitude Intention to use  impact environmental fac-
and students use usefulness
tem tors
. T . . . Research did not explore the
Online bank- 133 individu- Computer self-efficacy and perceived ease of ~ Perceived . . . Behavioural R y
[16] . - Prior computing experience . . impact environmental fac-
ing als use usefulness intention tors
117 Computer 78 undergrad- _ General computer self-efficacy, system-specific ~ Perceived _ Training effective- ‘Research d_id not explore the
training uate students computer and self-efficacy, perceived ease of use usefulness ness impact environmental factors
78 undergrad- General computer, self-efficacy, software- . . Research did not explore
Computer R . . Training effective- . .
[18] L uate - specific computer, self-efficacy and perceived - Computer anxiety the impact environmental
training ) ness
students case of use factors
Editing appli- 96 undergradu- Research did not explore
[19] tng app g - Computer self-efficacy and ease of use Usefulness  Attitude, perceived complexity Intention the impact environmental
cation training  ate students factors
Computer anxiety, computer Research did not explore
[20] Software use 324 students - Software self efficacy - experience, gender, ACT - the impact environmental
score factors
E-learning 110 undergradu- Computer self-efficacy and perceived ease Perceived . . . Continuance ~ Research did not explore the
[21] - Satisfaction, confirmation N . . .
system ate students of use usefulness intention impact environmental factors
This research considered
KSB of soft- Intention to share_ kn_m_vledge _shanng to be an
225 software Lo . N Outcome knowledge and individualistic behaviour, and
[22] ware pro- N Organizational climate Self-efficacy - «
engineers expectancy knowledge shar-  only explored “personal
grammers s . -
ing behaviour aspects” aspects of SCT
which affected behaviour
towards knowledge sharing
Research did not explore the
Knowledge relationship between self-
Sharing in Members’ a sense of communit Knowledge Shar- efficacy and
[23] Virtual Learn- 250 students . . 4 Self-efficacy Social interaction ing and percep-  outcome expectations and
. and community Trust . L. L
ing Commu- tual learning their interaction in
nity predicting individual behav-
iour
Research only provided-
analysis of previous studies
which utilized SCT to predict
[24] P}'cfhctl{)n of 257 UNAUE B vironmental and other factors Self-efficacy and self-regulation Outcom(} Social learning Moral disen- dlgm?l privacy. A possible
digital piracy studies expectancies gagement new framework could have
been suggested after analyz-
ing the shortcomings of
previous studies
S"C‘a] m.edm p(.)l.!tlcal expres- Research did not explore the
. . sion, offline political participa- . .
Social media . . . . . ; impact environmental factors
... 227 social media . . . tion, social media use, social .
[25] use for politi- - Social media political efficacy . L (such as demographic charac-
users media network political expres- . . N
cal purposes . L teristics and network diversi-
sion and successful enactive )
experience b
* Table I has been adapted from [26] with some modifications.
3 Difference in time zone decreases the mechanisms of
Environmental KS and creates communication gaps between distant
{ Factors workers [8], [42]. Time zone variance is found to negatively
| impact knowledge transfer and overall success of any
) 3 project [9]. Delays in overall project execution and delivery
Physical _— occur due to absence of synchronous collaboration because
o ! of difference in time zone [43]. Based on this literature
—— | “time zone difference’” has been included in the “physical
A T T
. . . .
. ) S environmental factor” of the SCT, leading to the following
Geographic Time Zone Linguistic R
Distance Difference distance hypothesis:

FIGURE 2. Environmental factors of social cognitive theory.

employees [37]. Therefore, in this research *“‘geographic dis-
tance” and “‘time zone difference” have been included in the
“physical environmental” factors of SCT.

1) TIME ZONE DIFFERENCE
“Time zone difference”” makes communication difficult
and challenging between distributed employees [38]-[41].
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Hy: Time zone difference is negatively related to KSB of
software developers working in GSDOs

2) GEOGRAPHIC DISTANCE

The distance between geographically dispersed members acts
as a barrier [40] and causes communication issues [44] The
physical distance between subproject participants prevented
informal communication [45]. Study [45] found that 23%
of the team members considered “‘far distance between
work locations” as a barrier for KS [46]. KS process
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becomes easier when individuals meet casually, which hap-
pens when the distance between individuals is not a concern.
However in case of growing software development
organizations, the growing distance between distant members
hinders KS [47]. Face to face communication is also difficult
when large distance is involved, and hence communication
becomes difficult as compared to nearby employees [9], [44].
Distance was also mentioned as barrier by an interviewee as it
limits the connectivity to the right resources [42]. Distanced
members also face misunderstanding and project visual-
ization challenges [39]. Therefore, “geographical distance”
is found to negatively affect KSB of software developers
working in GSDs, leading to the following hypothesizes:

H>: Geographical distance is negatively related to KSB of
software developers working in GSDOs.

C. MAPPING OF SOCIAL ENVIRONMENTAL FACTORS OF
SOCIAL COGNITIVE THEORY

1) LINGUISTIC DISTANCE

The ‘“‘social environment” is composed of the groups to
which humans belong, the workplaces and the relevant
strategies formed to direct lives [36]. Social environment
also comprises of “cultural surroundings” in which peo-
ple interact with each other [48]. It is commonly believed
that “language” is a part of culture, and it plays a very
significant part in it. In study [48], it is stated that “A
language is a part of a culture and a culture is a part
of a language; the two are intricately interwoven so that
one cannot separate the two without losing the significance
of either language or culture” [49]. Globalization of soft-
ware projects has increased cultural diversity which obstructs
smooth functioning [50]. This diversity appears in various
forms such as “linguistic distance” [37]. Many studies have
reported difference in language as one of the top most barrier
for KS in GSDOs [9], [38], [39], [42], [47], [51], [52]. Based
on this literature it is vital to include “linguistic distance’ in
the “social environmental” factor of the SCT.

In today’s era Software teams comprise of individuals
with various cultural backgrounds and face cultural differ-
ences such as difference in language, traditions, values, and
norms of behavior which may cause misunderstanding and
clashes [53], [54]. Linguistic distance also creates significant
communication gaps between distant colleagues [8]. Glob-
ally distributed team members found it very difficult to share
and absorb knowledge due to language difference [8]. Having
individuals with heavy accents also made communication
very difficult [9], [42]. Individuals whose native language
was not English e.g. German [9] or Chinese [51] suffered
from communication issues which resulted in improper flow
of knowledge and information exchange. Additionally, when
the native language was not found to be same, the diversity
in terms of a common language (usually English) also lead to
various problems and misunderstandings [43]. Based on this
literature following hypothesis is proposed:

Hj3: Linguistic distance is negatively related to KSB of
software developers working in GSDO:s.
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FIGURE 3. Personal factors of social cognitive theory.
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D. MAPPING OF PERSONAL ENVIRONMENTAL FACTORS
OF SOCIAL COGNITIVE THEORY
Three factors namely “trust” “motivation” and ‘“‘social inter-

action “‘have been included in the “personal environmental
factors” of SCT.

1) TRUST
Trust significantly impacts both tacit and explicit KS [10].
In order to facilitate KS between globally distributed indi-
viduals, “trust” plays a significant role [8]. Interpersonal
trust positively effects KS. Trust between remote sites can
be enhanced by promoting visits between globally distributed
teams which can eventually build up “trust” [55]. Individuals
with greater reliability transfer knowledge frequently to their
trusted peers [8]. Therefore, “trust” has been included as a
‘““personal environmental factor” in the proposed model with
the following hypothesis:

Hy: Trust has a positive relationship with KSB of software
developers working in GSDOs

2) MOTIVATION
Motivation is not a simple concept. and motivating factors
vary from individual to individual [56]. A person who has no
urge to act for a particular action is characterized as ‘“‘unmo-
tivated”” whereas as someone who is eager toward an action
is considered as ‘“motivated”’ [57]. Individual ‘“motivation”
is the key factor which strongly influences KS. In [52],
it is found that individual’s ‘motivation” impacted KS pro-
cess. The study also reported that ‘“motivation” to share
knowledge is influenced by the quality of management [52].
In “Self-Determination Theory” two types of motivations
have been defined based upon different reasons or goals
that give rise to an action. The division is between intrin-
sic motivation, “which refers to doing something because it
is inherently interesting or enjoyable”, and extrinsic moti-
vation, “which refers to doing something because it leads
to a separable outcome” [57]. Previous literature considers
“motivation” as a personal factor [58]. Based on this liter-
ature the proposed model includes “motivation” as a ‘“‘per-
sonal environmental factor”’, with the following hypothesis:
Hs: Motivation has a positive relationship with KSB of
software developers working in GSDOs.

3) SOCIAL INTERACTION
Social interaction is defined as “‘any relationship between
two or more individuals™ [59]. Strong social interactions and

71289



IEEE Access

R. Anwar et al.: Investigation of Knowledge Sharing Behavior in Global Software Development Organizations

Environmental Factors

Personal Factors

FIGURE 4. Conceptual model for knowledge sharing behavior in global software development organizations.

relationships have been found to positively aid the knowl-
edge sharing [51]. Authors suggested that stronger social
interactions between individuals allowed faster information
exchange [8] and can play an important role in KS [60].
A survey comprising of 150 software developers was con-
ducted to determine voluntary KS mechanisms in software
project teams in Sri Lanka. It was found that personal interac-
tions positively impacted KSB [61]. The proposed conceptual
model includes “social interaction as a “‘personal environ-
mental factor” with the following hypothesis:

Hg: Social interaction has a positive relationship with KSB
of software developers in GSDOs.

Based on the discussed hypotheses, the proposed model is
given in figure 4.

IV. INDICATORS VALUES AND QUESTIONNAIRE
DEVELOPMENT

Questionnaire design is the most vital component in the
research which has great influence on the data selected [64].
The questionnaire items were adapted from the existing lit-
erature. Appendix A presents the questionnaire used in this
study. Table 2 presents the source of variable items used in
this study.

V. SAMPLING AND DATA COLLECTION

In this study, probability sampling was done at two stages.
At the first stage, list of software development companies
was obtained. There are around 3,000 companies registered
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TABLE 2. Indicators design.

Indicators Source
Geographic Distance (GD) [65, 66]
Knowledge Sharing Behav- [67]
iour (KSB)

Linguistic Distance (LD) [65, 68, 69]
Motivation (MOT) [70,71]
Social Interaction (SI) [72]

Time Zone Difference (TZD) [66, 69]

Trust (TR) [73]

with Malaysia Digital Economy Corporation (MDEC) [74].
From these 3,000 companies, 100 were selected by using
Simple Random Sampling (SRS) technique. When contacted,
70 companies agreed to participate in the study. These com-
panies were asked to provide the employee name and then
a master list was developed of all employees from partic-
ipating companies. Total employees in the list were 789.
From this list, 500 people were selected using SRS. Ques-
tionnaire was sent to these selected employees. Out of 500,
320 questionnaires were returned. Eighteen questionnaires
were incomplete and were not used. Remaining (302) ques-
tionnaire were used for further data analysis. This research
used self-administrative questionnaire as it is mostly used by
cross-sectional studies [75].
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TABLE 3. Demographics.

No. of Re-

spondents Percentage
Gender
Male 236 78.15%
Female 66 21.85%
Total 302
Age Group
Less than 25 51 16.89%
25 to 35 176 58.28%
26 to 40 34 11.26%
Above 40 41 13.58%
Education Level
Diploma 72 23.84%
Bachelor 171 56.62%
Masters 54 17.88%
Doctorate 5 1.66%
Others 0 0%
Work Experience
Less than 5 years 217 71.85%
5to 10 years 56 18.54%
More than10 years 29 9.60%
Organization Size
Less than 50 237 78.48%
51 to 100 28 9.27%
Above 100 37 12.25%

Various studies have recommended different minimum
sample size such as[76] and [77] recommended a min-
imum of 100 as sample size. Hutcheson and Sofroniou
(1999) recommended 150 [78], Guilford (1954) recom-
mended 200 [79]. Generally, 100 is recommended as the
“practical minimum sample size”” while using SEM [78].
However, this research used 300 sample size, which exceeds
the minimum sample size mentioned in the literature. Table 3
presents the demographic details:

VI. DATA ANALYSIS

To test the hypothesis, SmartPLS 3.0 software was used [80].
Structural equation modeling approach was selected in this
research to assess the ‘“‘measurement model” and ‘‘struc-
tural model”. PLS has been used as it is considered suit-
able to investigative complex ‘‘cause-effect-relationship”
models [80] and it also does not impose large sample size
restriction and data distribution [81].

4) CONSTRUCT RELIABILITY

The suggested value for construct reliability is 0.7 [26].
Based on the above mentioned [82] recommended value,
one reflective indicator from, “time zone difference” was
removed. Two reflective indicators from “geographic dis-
tance”, “linguistic difference” and “trust” were removed
respectively. Six reflective indicators from “knowledge shar-
ing behavior” were removed. The “outer loadings” values of
the latent variables are presented in Table 4 (only those which
are greater than 0.7).
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TABLE 4. Outer loadings after item purification.

Construct Items Outer Loading

Time Zone Differ-

ence (TZD) TZD1 0.885
TZD2 0.881
TZD3 0.898
TZD4 0.772

Geographical

Distance (GD) GD1 0.820
GD3 0.892
GD4 0.889

Knowledge Shar-

ing Behavior KSB4 0.855

(KSB)
KSB5 0.888
KSB9 0.793

Linguistic Dis-

ance (LD) LD2 0.855
LD3 0.797
LD4 0.874
LD5 0.750
TR1 0.852
TR3 0.821

Trust (TR) TR4 0.806
TRS 0.802
MOT1 0.773
MOT2 0.767

Motivation (MOT) | MOT3 0.817
MOT4 0.793
MOT 5 0.812
SI1 0.795

Social Interaction SI2 0.705

(SD) S14 0.769
SIS 0.730

TABLE 5. Average variance extracted.

Constructs CR AVE
TZD 0.919 0.741
GD 0.901 0.753
KSB 0.883 0.716
LD 0.891 0.673
TR 0.892 0.673
MOT 0.894 0.628
SI 0.837 0.563

5) CONVERGENT VALIDITY

In this research ‘“‘average variance extracted (AVE)”,
“composite reliability (CR)” was calculated to determine the
convergent validity The recommended minimum value for
Average variance extracted (AVE) is 0.50 and for compos-
ite reliability (CR) is 0.6 [83]. Table 5 presents convergent
validity results which reveal that AVE and CR criteria were
fulfilled.

6) DISCRIMINANT VALIDITY

In this research Fornell & Larcker [84] criterion for cross-
loading scores were used to establish discriminant validity.
Authors suggested that the squared root of “each constructs’
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TABLE 6. Construct validity and discriminant validity - fornell and lacker criterion.

Constructs GD KSB LD MOT SI TZD TR

GD 0.868

KSB 0.489 0.846
LD 0.662 0.583 0.821

MOT 0.351 0.391 0.529 0.793
SI 0.63 0.666 0.616 0.459 0.751

TZD 0.762 0.555 0.597 0.302 0.629 0.861
TR 0.431 0.61 0.525 0.585 0.686 0.470 0.821

TABLE 7. Hypothesis results.

Hypothesis t-Statistic Decision
H1 1.895 Supported
H2 0.910 Not Supported
H3 1.788 Not Supported
H4 0.585 Not Supported
H5 2.494 Supported
H6 2.438 Supported

AVE should be higher than its highest correlation with any
other construct to evidence discriminant validity” [85]. In
Table 6 the bold numbers in the diagonal row presents the
square roots of the average variance extracted [84]. It can be
observed that the square root of AVE for all latent variables
was greater than the inter-construct correlations [79]. Further,
individual loadings of all indicators were found to be higher
than their respective cross-loadings [80]. This provides addi-
tional confirmation for discriminant validity.

VII. RESULTS AND DISCUSSIONS

The hypotheses were tested by calculating the significance of
the path coefficients (t-values) and the results are presented
in Table 7. In this study, authors investigated the KSB of indi-
viduals working in GSDOs using social cognitive theory. Out
of six hypotheses, three of the hypotheses are not supported.
Table 7 presents the hypothesis results.

In current study, the environmental factors of social
cognitive theory were categorized into two types namely
“physical environment” and ‘“‘social environment”. The
physical environmental factors of SCT included ““geographic
distance” and ‘“‘time zone difference” and social environ-
mental factor of social cognitive theory included only one
factor namely “linguistic distance”. In the current study,
the first factor which was included in the physical envi-
ronment of SCT was “geographic distance”. The results
of current study showed that ““geographic distance” is neg-
atively related to KSB of software developers working in
GSDOs. “Geographic distance” had a significant impact
on the on KSB with a path coefficient of —0.190 and
t-stats (2.570). This result coincides with the previous
studies of [9], [42], [44], [47], [55], [86] In GSD environ-
ment the “geographical distance” creates physical isolation
between software developers and management [87]. Effective
coordination, collaboration and visibility between locations
essential in GSD environment [88]. Accessing of informa-
tion scattered at various remote sites such as ‘“‘updates
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about changes in requirements’’ and ‘‘dependencies between
the products”, and “product and technology roadmaps”
becomes a tedious task due to difference in geographic
locations [89]. Prior research has shown that knowledge shar-
ing in GSDOs encounters difficulties as ‘“face-to-face interac-
tion” is difficult due to different geographical locations [39].
“Geographic distance” has been cited as barrier knowl-
edge dissemination because it reduces and sometimes totally
excludes “face-to-face interaction” [42]. The high value of
t stats (as compared to other two antecedents of SCT) and
negative path coefficient of “geographic distance” towards
KSB suggests that software developers are more likely to
engage in KS when the “geographic distance” is shorter.
In the current study, the second factor which was included
in the physical environment of SCT was ‘“time zone dif-
ference”. Time zone differences cause communication and
knowledge sharing issues between individuals working from
various distributed geographic locations [38]. The results
of data analysis indicated that “time zone difference” had
an insignificant impact on the KSB, with a path coeffi-
cient of 0.146 and t-stats (1.811). These results contradicts
the result of previous studies of [44], [55], [86]. A possible
explanation for this insignificance is because, GSDOs are
now aware of issues related with ‘““geographic distance”
and have devised preventive measures to utilize the pool of
resources efficiently using the various time zones. Although
“time zone difference’ is a barrier for KS, but [42] suggested
that in some situations barriers can be cited as a facilitators
for example, the “time zone difference’ also acts as a facili-
tators for knowledge sharing because it “increases the hours
available” to perform any activity. Reference [90] suggested
different approaches to overcome ‘“‘time zone differences”
by utilizing “time zone effectiveness”, using “follow the
sun” approach. Reference [90] reported different approaches
by various managers such as “We try to make time zone
differences manageable by dividing work between no more
than two geographical sites” (Project manager, Intel) and
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another suggestion included “We have ‘follow-the-sun’ core
support during Monday to Friday. Someone should be able to
action a call whenever it comes in. A call can be forwarded
from site to site to follow the sun...” (Manager, HP). It can
be deduced that by assigning rotational duties GSDOs can
solve “time zone differences” related issues which eventu-
ally allows software developers to share knowledge globally.
Based on these explanations it can be concluded that if man-
agement of GSDOS take counter measures to avail time zones
properly knowledge sharing barriers caused by ‘‘time zone
differences” can be reduced.

Only one factor namely ““linguistic distance” was included
in the ““social factor” of social cognitive theory The data also
did not support hypothesis H3, which was opposite to the
previous researches [8], [38], [40], [47], [55], [91]. A pos-
sible explanation for this rejection might be because the
study was conducted in GSDOs of Malaysia, which has a
multi-cultural and ethnic society and offers home to several
different ethnic groups. The statistics reveal the following
breakdown: Malays, 50.1%; Chinese, 22.6%; indigenous,
11.8%; Indian, 6.7%; other, 0.7%; and non-citizens, 8.2%
(2010 est.) [92]. This multi-cultural environment builds up
the environment of enhancing the linguistic skills of employ-
ees which allows them to enhance their communication skills.
Another possible explanation to this rejection of hypothe-
sis is due to the introduction of “cultural exchange pro-
grams” by GSDOs. The cultural exchange programs help in
understanding the behavior, work practices and attitudes of
individuals working from different location with various cul-
tural backgrounds [39], [55]. Lot of misunderstandings and
issues occur between onsite and offshore members from the
beginning of the project. In order to mitigate these issues
interviewees reported that by initiating “cultural workshops”
at the start of the project allowed individual’s to share knowl-
edge effectively [9]. Another strategy, which negates lin-
guistic difference is by utilization “cultural awareness” by
assigning “cultural ambassadors” who can interpret com-
munication and actions of individuals working at remote
sites [40]. Cultural ambassadors [55] and culturally marginal
people can be assigned for mediating roles between dif-
ferent team members, as they have common understand-
ing of both cultures [93], [94]. Expatriate manager are also
being assigned to control and coordinate knowledge trans-
fer and introducing corporate culture between remote sites.
Nguyen, et al. (2014) suggested to overcome linguistic dis-
tance is by suing “Information gatekeeper” as they have
skills of understanding and translating knowledge into more
meaningful way for their locally oriented colleagues [93].
Thus, it can be concluded that, efficient use of cross-cultural
individuals can provide an environment and baseline for orga-
nizations with an aim to enhance the knowledge sharing cul-
ture in GSDOs. Without such pre-emptive measures, knowl-
edge sharing is destined to fail between software developers.

In the current study the personal/individual factors
included “motivation”, “social interaction” and “trust”.
The first factor which was included in the ‘‘personal
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environmental factor” of SCT was “motivation”. The results
did not support this hypothesis (H5) showing that “motiva-
tion” does not positively impact the KSB. Motivation had
an insignificant and negative impact on the KSB with a path
coefficient of -0.029 and t-stats (0.579). The path coefficient
and t-stats for “motivation” had the lowest values as com-
pared to other two (trust and social interaction) ‘““personal
environmental factor” of SCT to predict KSB. This result
is not consistent with findings of [51]. It can be concluded
that software developers working in GSDOs on individual
level had no urge to share knowledge [51]. There could be
several reasons for this insignificance, [8] stated that software
developers feel unmotivated to share knowledge specially
when the of sharing knowledge from senior employees to
new employees [8]. To understand the impact of intrinsic
and extrinsic motivation on KSB of software developers, the
current research included questions related to both intrinsic
and extrinsic motivation. Surprisingly, the results showed
insignificant impact of “motivation” on KSB. Possible expla-
nation for the insignificance of “motivation” can be due
to the fact that individuals may become happy after getting
monetary rewards, but the “motivation” to perform a cer-
tain action is intrinsic. No incentive can ever overshadow
the power of intrinsic motivation. If individuals sense they
are being controlled, they might tend to loosen their inter-
est. Also, negative rewards like ‘“punishments” weaken the
intrinsic motivation of individuals. Individuals may highly
desire incentives, but if acceptance of those incentives is
relying on certain behaviors, individuals might get feelings of
being manipulated by management with passage of time [95].
The insignificance of “motivation” in this study suggest that
for the selected sample of software developers, intrinsic moti-
vators (enjoyment, pleasure) and extrinsic motivators (recog-
nition, respect) were not as important as other individual
factors (trust and social interaction).

“Social interaction” is acknowledged to be a vital con-
struct in promoting KS [96] ““Social interaction” had a sig-
nificant and strong impact on the KSB with a path coef-
ficient of 0.241 and t-stats (2.438). The impact of “‘social
interaction” towards KSB is strongest as compared to other
two (trust and motivation) antecedents for the individual
factors of SCT to predict KSB. This finding highlights the
importance of the ““social interaction’” in GSDOs to promote
KSB. Recent studies of [8], [42], [61] have provided empir-
ical support for the influence of “‘social interaction. The
results of the current study accord with the findings of above-
mentioned researches. The results of data analysis affirm that
““social interaction” can play a major role in KSB in GSDOs,
therefore, it can be inferred that as the degree of ““social inter-
action’ increases, KSB will also increase between software
developers working in GSDOs.

VIil. CONCLUSION

The purpose of the current study was to investigate the
KSB using existing theory of social psychology in software
developers in the context of GSD. The study investigated
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TABLE 8. Instrument development.

Variable

Adopted/Adapted

Measurement Items

Source

Social interaction (SI)

Adapted

I maintain close social interaction with some of
my co-workers.

I spend a lot of time sharing knowledge with
some of my co-workers.

I have frequent exchange of knowledge with
some of my co-workers.

I have frequent exchange of software
development ideas with some of my co-workers
I like to share my software expertise to some
members whom I know on personal level.

[72]

Trust (TR)

Adapted

I believe that my co-workers can be trusted
completely to share knowledge.

I believe that my co-workers software
development knowledge is reliable.

I believe that my co-workers software
development knowledge is useful.

I believe that my co-worker software
development knowledge is effective.

I believe that my co-workers would not take
advantage of my software development
knowledge that we share.

I believe that my co-workers can’t be trusted
completely to share knowledge.

[73]

Motivation (MOT)

Adapted

—

I enjoy sharing knowledge with my co-workers.
It feels good to share my software development
techniques with my co-workers to solve their
work related problems.

Sharing knowledge with my co-workers gives
me pleasure.

Sharing my knowledge improves others
recognition of me.

When I share my software development
knowledge with my team members, my superiors
respect me.

[70, 71]

Knowledge sharing behaviour (KSB)

Adapted

I frequently participate in knowledge sharing
activities in my organization.

I frequently spend a lot of time conducting
knowledge sharing activities in my organization.
I frequently share my software development
knowledge with others.

When discussing a complicated issue, I am
frequently involved in the subsequent knowledge
sharing interactions.

I frequently involve myself in discussions of
various software development topics rather than
specific topics.

I frequently share my knowledge related to
“software construction fundamentals” with
others.

I frequently share my knowledge related to
“managing software construction” with others.
I frequently share my knowledge related to
“practical software considerations” with others.
I frequently share my knowledge related to
“software construction tools and technologies”
with others.

[67]

Linguistic distance (LD)

Adapted

Most people in my organization can
communicate well in English.

Differences in language makes it difficult to
share knowledge.

Linguistic diversity can make it difficult to
communicate and collaborate across borders.
I believe Linguistic distance affects quality of

knowledge sharing.

[65, 68, 69]
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the impact of “time zone difference”, ‘geographic distance”,
“linguistic distance”, “trust”, ‘“motivation” and ‘‘social
interaction” on KSB.

In this study, the applicability of social cognitive theory to
explain the KSB was demonstrated. KSB was found to have
strongest relationship with ‘“‘social interaction’. Thus, it can
be concluded that “social interaction” plays a significant role
in knowledge sharing process.

Out of the three the factors used in the “physical environ-
mental factors of SCT only ‘““geographic distance” emerged
as significant factor to predict KSB of software develop-
ers working in GSDOs. It is suggested for the manage-
ment of GSDOs to resolve issues related to ‘“‘geographic
distance” to ease KS process. One solution to overcome
“geographic distance” is “rotation” of individuals between
distributed sites which promotes the sharing of domain
related knowledge. Rotation of individual’s not only supports
knowledge sharing but also promotes ‘““trust” and commu-
nication bandwidth [39] Rotation of individuals comes with
extra cost, but to overcome the cost of frequent rotation,
one line manager reported “we rotate team members and
mostly, the duration of the rotation between team members is
3-6 months” [39]. Author suggested “‘relocation of experts”
between remote sites, accelerated KS and technical expertise
in GSDOs [10]. From the “personal environmental factors”
““social interaction” had the strongest impact towards KSB,
we suggest that top management of GSDOs should develop

TABLE 8. (Continued.)

“social interaction” sessions such as “group activities” and
“common chat rooms” where software developers can freely
interact with peers. The top management may also consider
“Pair programming” which allows sharing of knowledge
between software developers in a globally distributed project.
Pair programming, allows two developers work together at
one computer with a common goal [39], hence chances of
social interaction will increase.

IX. IMPLICATION, LIMITATION AND FUTURE WORK
According to [56], “‘social interaction” creates a bond
between members of a network, and these bonds can be
considered as a major predictor of collective action. These
resulting bonds are built among individuals with identical
interests and resources rather than between individuals of dis-
similar interests [57]. Based on this explanation we can pos-
tulate that software developers working in GSDOs develop
““social interaction” because of similar interests in the current
study. To enhance KSB, the management of GSDOs needs
to provide an environment where focus should be towards
building “‘social interaction” between software developers.
We hope that realization of these practices can contribute to
fruitful execution of KS in GSDOs. Future research could
incorporate the influence of variables such as “technologi-
cal” and “‘organizational” support impact on KSB.

APPENDIX A
See Table 8.

5. Ibelieve my co-workers have to spend some
time thinking about my software development
knowledge to understand my real meaning.

6.  Linguistic diversity in our organization opens
cross-border software knowledge sharing
opportunities.

Geographic distance (GD) Adapted

1. When working with cross-border co-workers, we
incur losses due to ineffective knowledge
sharing.

2. When working with cross border team, I lose
time trying to figure out who to share knowledge
regarding my work.

3. When working with cross border team, there
have been times when I was accidently excluded
from information which was shared by my co-
workers.

4. When working with cross border team, it
becomes difficult for me to find right people to
whom I have to share my knowledge.

5. Ibelieve geographic distance affects quality of
knowledge sharing.

[65, 66]

Time zone difference (TZD) Adapted

1. Ibelieve time zone difference affects quality of
knowledge sharing.

2. Ibelieve time zone difference affects quality of
software product development.

3. Ibelieve time zone difference affects
productivity of knowledge sharing.

4. Ibelieve time zone difference causes
communication overhead.

5. When working with cross border team, I
experience difficulty in scheduling schedule
common meeting times in order to share my
knowledge with my co-workers.

[66, 69]

VOLUME 7, 2019

71295



IEEE Access

R. Anwar et al.: Investigation of Knowledge Sharing Behavior in Global Software Development Organizations

REFERENCES

(1]

[2]

[3]

[4]

[5]

[6]

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

J.-N. Lee, “The impact of knowledge sharing, organizational capability
and partnership quality on IS outsourcing success,” Inf. Manage., vol. 38,
pp. 323-335, Apr. 2001.

M. Rehman, A. K. Mahmood, R. Salleh, and A. Amin, “Job satisfaction
and knowledge sharing among computer and information science faculty
members: A case of Malaysian universities,” Res. J. Appl. Sci., Eng.
Technol., vol. 7, no. 4, pp. 839-848, 2014.

S. Sahay, B. Nicholson, and S. Krishna, Global IT Outsourcing: Software
Development Across Borders. Cambridge, U.K.: Cambridge Univ. Press,
2003.

W. Kucharska and R. Kowalczyk, “Trust, collaborative culture and tacit
knowledge sharing in project management—A relationship model,” in
Proc. 13th Int. Conf. Intellectual Capital, Knowl. Manage. Org. Learn.
(ICICKM), 2016, pp. 159-166.

M. Niazi et al., “Challenges of project management in global software
development: A client-vendor analysis,” Inf. Softw. Technol., vol. 80,
pp. 1-19, Dec. 2016.

A. A. Khan, J. Keung, M. Niazi, S. Hussain, and A. Ahmad, “System-
atic literature review and empirical investigation of barriers to process
improvement in global software development: Client—vendor perspective,”
Inf. Softw. Technol., vol. 87, pp. 180-205, Jul. 2017.

R. Patnayakuni, A. Rai, and A. Tiwana, “Systems development process
improvement: A knowledge integration perspective,” IEEE Trans. Eng.
Manage., vol. 54, no. 2, pp. 286-300, May 2007.

M. Zahedi, M. Shahin, and M. A. Babar, “A systematic review of knowl-
edge sharing challenges and practices in global software development,”
Int. J. Inf. Manage., vol. 36, no. 6, pp. 995-1019, 2016.

S. Betz, A. Oberweis, and R. Stephan, “Knowledge transfer in offshore
outsourcing software development projects: An analysis of the chal-
lenges and solutions from German clients,” Expert Syst., vol. 31, no. 3,
pp. 282-297, 2014.

S. Ghobadi, “What drives knowledge sharing in software development
teams: A literature review and classification framework,” Inf. Manage.,
vol. 52, pp. 82-97, Jan. 2015.

M.-H. Hsu, T. L. Ju, C.-H. Yen, and C.-M. Chang, “Knowledge sharing
behavior in virtual communities: The relationship between trust, self-
efficacy, and outcome expectations,” Int. J. Hum.-Comput. Stud., vol. 65,
pp. 153-169, Feb. 2007.

R. Wood and A. Bandura, “Social cognitive theory of organizational
management,” Acad. Manage. Rev., vol. 14, no. 3, pp. 361-384, 1989.

J. P. Downe, Jr., R. K. Rainer, and S. E. Bartczak, “Explicating computer
self-efficacy relationships: Generality and the overstated case of specificity
matching,” J. Org. End User Comput., vol. 20, no. 3, pp. 22-40, 2008.

B. Hasan and J. M. H. Ali, “An empirical examination of a model of
computer learning performance,” J. Comput. Inf. Syst., vol. 44, pp. 27-33,
Jun. 2004.

M. Gong, Y. Xu, and Y. Yu, “An enhanced technology acceptance model
for Web-based learning,” J. Inf. Syst. Educ., vol. 15, no. 4, pp. 365-374,
2004.

P. Guriting and N. O. Ndubisi, ‘“‘Borneo online banking: Evaluating cus-
tomer perceptions and behavioural intention,” Manage. Res. News, vol. 29,
pp. 6-15, Jan. 2006.

B. Hasan and J. Ali, “The impact of general and system-specific self-
efficacy on computer training learning and reactions,” J. Manage. Inf.
Decis. Sci., vol. 9, no. 1, p. 17, 2006.

B. Hasan, “Effectiveness of computer training: The role of multilevel com-
puter self-efficacy,” J. Org. End User Comput., vol. 18, no. 1, pp. 50-68,
2006.

B. Hasan, “Examining the effects of computer self-efficacy and system
complexity on technology acceptance,” Inf. Resour. Manage. J., vol. 20,
pp. 7688, Jul. 2007.

D. Havelka, “Predicting software self efficacy among business students:
A preliminary assessment,” J. Inf. Syst. Educ., vol. 14, no. 2, p. 145, 2003.
A. Hayashi, C. Chen, T. Ryan, and J. Wu, “The role of social presence and
moderating role of computer self efficacy in predicting the continuance
usage of e-learning systems,” J. Inf. Syst. Educ., vol. 15, no. 2, pp. 1-17,
2004.

M.-T. Tsai and N.-C. Cheng, “Programmer perceptions of knowledge-
sharing behavior under social cognitive theory,” Expert Syst. Appl., vol. 37,
pp. 8479-8485, Dec. 2010.

B. Shen, “An empirical study on influencing factors of knowledge sharing
in virtual learning community,” Open Syst. J., vol. 9, no. 1, pp. 2332-2338,
2015.

71296

(24]

(25]

(26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

[35]

(36]

(37]

(38]

(39]

[40]

(41]

(42]

[43]

(44]

[45]

[46]

(47]

(48]

P. B. Lowry, J. Zhang, and T. Wu, “Nature or nurture? A meta-analysis
of the factors that maximize the prediction of digital piracy by using
social cognitive theory as a framework,” Comput. Hum. Behav., vol. 68,
pp. 104-120, Mar. 2017.

A. Velasquez and A. M. Quenette, ““Facilitating social media and offline
political engagement during electoral cycles: Using social cognitive theory
to explain political action among hispanics and latinos,” Mass Commun.
Soc., vol. 21, no. 6, pp. 763-784, 2018.

K. Carillo, “Understanding is theory: An interpretation of key is theoretical
frameworks using social cognitive theory,” in Information Systems Theory.
New York, NY, USA: Springer, 2012, pp. 241-280.

R. Agarwal, V. Sambamurthy, and R. M. Stair, “The evolving relation-
ship between general and specific computer self-efficacy—An empirical
assessment,” Inf. Syst. Res., vol. 11, no. 4, pp. 418-430, 2000.

D. R. Compeau and C. A. Higgins, “Computer self-efficacy: Development
of a measure and initial test,”” MIS Quart., vol. 19, no. 2, pp. 189-211, 1995.
M. H. Hsu, C. M. Chiu, and T. L. Ju, “Determinants of continued use of
the WWW: An integration of two theoretical models,” Ind. Manage. Data
Syst., vol. 104, no. 9, pp. 766-775, 2004.

J. M. C. Hernandez and J. A. Mazzon, “Adoption of Internet banking:
Proposition and implementation of an integrated methodology approach,”
Int. J. Bank Marketing, vol. 25, pp. 72-88, Mar. 2007.

I. M. Klopping and E. McKinney, Jr., “Practice makes a difference: Expe-
rience and e-commerce,” Inf. Technol., Learn. Perform. J., vol. 24, no. 1,
pp. 1-13, 2006.

C. U. Battle, Essentials of Public Health Biology: A Guide for the Study of
Pathophysiology. Burlington, MA, USA: Jones & Bartlett, 2009.

M. A. G. Darrin and J. A. Krill, Infusing Innovation Into Organizations:
A Systems Engineering Approach. Boca Raton, FL, USA: CRC Press,
2016.

E. Carmel, “Building your information systems from the other side of
the World: How Infosys manages time zone differences,” MIS Quart.
Executive, vol. 5, no. 1, pp. 43-53, 2006.

G. R. Oldham and N. L. Rotchford, “Relationships between office char-
acteristics and employee reactions: A study of the physical environment,”
Administ. Sci. Quart., vol. 28, no. 4, pp. 542-556, 1983.

I.H. Yen and S. L. Syme, ““The social environment and health: A discussion
of the epidemiologic literature,” Annu. Rev. Public Health, vol. 20, no. 1,
pp. 287-308, 1999.

J. Kotlarsky and I. Oshri, “Social ties, knowledge sharing and successful
collaboration in globally distributed system development projects,” Eur. J.
Inf. Syst., vol. 14, no. 1, pp. 37-48, 2005.

S. Ghobadi and L. Mathiassen, “Perceived barriers to effective knowl-
edge sharing in agile software teams,” Inf. Syst. J., vol. 26, pp. 95-125,
Mar. 2016.

M. A. Razzak and R. Ahmed, “Knowledge sharing in distributed agile
projects: Techniques, strategies and challenges,” in Proc. Federated Conf.
Comput. Sci. Inf. Syst. (FedCSIS), Sep. 2014, pp. 1431-1440.

J. Noll, S. Beecham, and I. Richardson, “Global software development
and collaboration: Barriers and solutions,” ACM Inroads, vol. 1, no. 3,
pp. 66-78, 2010.

N. B. Moe, T. E. Fagri, D. S. Cruzes, and J. E. Faugstad, ‘“Enabling
knowledge sharing in agile virtual teams,” in Proc. IEEE 11th Int. Conf.
Global Softw. Eng. (ICGSE), Aug. 2016, pp. 29-33.

M. Wendling, M. Oliveira, and A. C. G. Magada, “Knowledge sharing
barriers in global teams,” J. Syst. Inf. Technol., vol. 15, pp. 239-253,
Aug. 2013.

G. N. Aranda, A. Vizcaino, and M. Piattini, ““A framework to improve com-
munication during the requirements elicitation process in GSD projects,”
Requirements Eng., vol. 15, no. 4, pp. 397-417, 2010.

A.U. Alam, S. U. Khan, and I. Ali, “Knowledge sharing management risks
in outsourcing from various continents perspective: A systematic literature
review,” Int. J. Digit. Content Technol. Appl., vol. 6, pp. 27-33, Nov. 2012.
N. Ali, S. Beecham, and I. Mistrik, “Architectural knowledge management
in global software development: A review,” in Proc. 5th IEEE Int. Conf.
Global Softw. Eng. (ICGSE), Aug. 2010, pp. 347-352.

F. Al Attar and K. Shaalan, “Enablers and barriers of knowledge spiral:
A case study,” in Proc. 11th Int. Knowl. Manage. Org. Conf. Changing
Face Knowl. Manage. Impacting Soc., 2016, p. 52.

M. Kukko, “Knowledge sharing barriers in organic growth: A case study
from a software company,” J. High Technol. Manage. Res., vol. 24, no. 1,
pp. 18-29, 2013.

M. Casper, “A definition of ’social environment,”” Amer. J. Public Health,
vol. 91, no. 3, p. 465, Mar. 2001.

VOLUME 7, 2019



R. Anwar et al.: Investigation of Knowledge Sharing Behavior in Global Software Development Organizations

IEEE Access

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]
[63]
[64]
[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

'W. Jiang, ““The relationship between culture and language,” ELT J., vol. 54,
no. 4, pp. 328-334, 2000.

C. M. Beise, “IT project management and virtual teams,” in Proc. SIG-
MIS Conf. Comput. Personnel Research: Careers, Culture, Ethics Netw.
Environ., 2004, pp. 129-133.

X. Chen, Y. Zhou, D. Probert, and J. Su, ““Managing knowledge sharing
in distributed innovation from the perspective of developers: Empirical
study of open source software projects in China,”” Technol. Anal. Strategic
Manage., vol. 29, no. 1, pp. 1-22, 2016.

S. V. Zykov, “‘Human-related factors in knowledge transfer: A casestudy,”
in Agent and Multi-Agent Systems: Technologies and Applications. Cham,
Switzerland: Springer, 2015, pp. 263-274.

P. Baumard, Tacit Knowledge in Organizations. Newbury Park, CA, USA:
Sage, 1999.

Q. Zhang and R. Du, “Impacts of cultural difference on knowledge sharing,
relationship quality and performance in IT-based service outsourcing,”
in Proc. 2nd Int. Conf. Artif. Intell., Manage. Sci. Electron. Commerce
(AIMSEC), Aug. 2011, pp. 6271-6274.

J. Kroll, J. Mikio, and M. Assaad, ““Challenges and practices for effective
knowledge transfer in globally distributed teams,” in Proc. Int. Joint Conf.
Knowl. Discovery, Knowl. Eng. Knowl. Manage., 2016, pp. 156-164.

M. Rehman, A. K. Mahmood, R. Salleh, and A. Amin, ‘“Motivation in
software engineering & personal characteristics of software engineers,” in
Proc. Nat. Postgraduate Conf., 2011, pp. 1-5.

R. M. Ryan and E. L. Deci, “Intrinsic and extrinsic motivations: Classic
definitions and new directions,” Contemp. Educ. Psychol., vol. 25, no. 1,
pp. 54-67, 2000.

A. B. Safiullah, “Employee motivation and its most influential factors:
A study on the telecommunication industry in Bangladesh,” World, vol. 5,
no. 1, pp. 79-92, 2015.

M. L. Andersen and H. F. Taylor, Sociology: The Essentials. Toronto, ON,
Canada: Nelson Education, 2012.

A. Boden, G. Avram, L. Bannon, and V. Wulf, “Knowledge sharing
practices and the impact of cultural factors: Reflections on two case studies
of offshoring in SME,” J. Softw., Evol. Process, vol. 24, no. 2, pp. 139-152,
2012.

V. Wickramasinghe and R. Widyaratne, “Effects of interpersonal trust,
team leader support, rewards, and knowledge sharing mechanisms on
knowledge sharing in project teams,” Vine, vol. 42, no. 2, pp. 214-236,
2012.

L. J. Cronbach, “Coefficient alpha and the internal structure of tests,”
Psychometrika, vol. 16, no. 3, pp. 297-334, 1951.

A.H. van de Ven and D. L. Ferry, Measuring and Assessing Organizations.
Hoboken, NJ, USA: Wiley, 1980.

A.Burns and R. Bush, Marketing Research: Online Research Applications.
Upper Saddle River, NJ, USA: Pearson Education, 2003.

Competing Across Borders: How Cultural and Communication Barriers
Affect Business, Economist Intell. Unit, London, U.K., 2012.

J. D. Herbsleb and A. Mockus, “An empirical study of speed and commu-
nication in globally distributed software development,” IEEE Trans. Softw.
Eng., vol. 29, no. 6, pp. 481-494, Jun. 2003.

T. H. Davenport and L. Prusak, Working Knowledge: How Organizations
Manage What They Know. Brighton, MA, USA: Harvard Business Press,
1998.

F. J. Froese, V. Peltokorpi, and K. A. Ko, “The influence of intercul-
tural communication on cross-cultural adjustment and work attitudes:
Foreign workers in South Korea,” Int. J. Intercultural Relations, vol. 36,
pp. 331-342, May 2012.

M. Nordio, H. C. Estler, B. Meyer, J. Tschannen, C. Ghezzi, and
E. Di Nitto, “How do distribution and time zones affect software devel-
opment? A case study on communication,” in Proc. 6th IEEE Int. Conf.
Global Softw. Eng. (ICGSE), Aug. 2011, pp. 176-184.

A. Kankanhalli, B. C. Tan, and K.-K. Wei, “Contributing knowledge
to electronic knowledge repositories: An empirical investigation,” MIS
Quart., vol. 29, no. 1, pp. 113-143, 2005.

M. M. Wasko and S. Faraj, “Why should I share? Examining social
capital and knowledge contribution in electronic networks of practice,”
MIS Quart., vol. 29, no. 1, pp. 35-57, 2005.

C.-C. Huang, “Knowledge sharing and group cohesiveness on perfor-
mance: An empirical study of technology R&D teams in Taiwan,” Tech-
novation, vol. 29, no. 11, pp. 786-797, 2009.

N. S. Safa and R. Von Solms, “An information security knowledge sharing
model in organizations,” Comput. Hum. Behav., vol. 57, pp. 442-451,
Apr. 2016.

VOLUME 7, 2019

(74]
[75]

[76]
(77]
(78]
(791

(80]

(81]
(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

[90]

[91]

[92]

(93]

(94]

[95]

[96]

Malaysia-Annual-Industry-Report, MSC Malaysia, Malaysia, 2015.

C. Robson, Real World Research, 2nd ed. Malden, MA, USA: Blackwell
Publishing, 2002.

R. L. Gorsuch, Factor Analysis. Hillsdale, NJ, USA: Lawrence Erlbaum
Associates, 1983.

P. Kline, Psychometrics and Psychology. London, U.K.: Acaderric Press,
1979.

J. F. Hair, Multivariate Data Analysis: With Readings. India: Pearson,
2009.

J. P. Guilford, Psychometric Methods. New York, NY, USA: McGraw-Hill,
1954.

J. F. Hair, G. T. M. Hult, C. Ringle, and M. Sarstedt, A Primer on Partial
Least Squares Structural Equation Modeling (PLS-SEM). Thousand Oaks,
CA, USA: SAGE, 2014.

W. W. Chin, “The partial least squares approach to structural equation
modeling,” Mod. Methods Bus. Res., vol. 295, no. 2, pp. 295-336, 1998.
R. P. Bagozzi and Y. Yi, “On the evaluation of structural equation models,”
J. Acad. Marketing Sci., vol. 16, no. 1, pp. 74-94, 1988.

J. Hair, Jr., Multivariate Data Analysis: With Readings, vol. 6, W. C. Black,
B. J. Babin, R. E. Anderson, R. L. Tatham, Eds. Upper Saddle River, NJ,
USA: Pearson Univ. Press, 2006.

C. Fornell and D. F. Larcker, “Structural equation models with unobserv-
able variables and measurement error: Algebra and statistics,” J. Marketing
Res., vol. 18, no. 3, pp. 382-388, 1981.

J. F. Hair, C. M. Ringle, and M. Sarstedt, “Partial least squares structural
equation modeling: Rigorous applications, better results and higher accep-
tance,” Long Range Planning, vol. 46, nos. 1-2, pp. 1-12, 2013.

M. Yaseen, S. Baseer, and S. Sherin, “Critical challenges for requirement
implementation in context of global software development: A systematic
literature review,” in Proc. Int. Conf. Open Source Syst. Technol. (ICOSST),
Dec. 2015, pp. 120-125.

E. Carmel, Global Software Teams: Collaborating Across Borders and
Time Zones. Englewood Cliffs, NJ, USA: Prentice-Hall, 1999.

D. W. Karolak, Global Software Development: Managing Virtual Teams
and Environments. Washington, DC, USA: IEEE Computer Society Press,
1999.

1. Oshri, J. Kotlarsky, and L. P. Willcocks, “Global software development:
Exploring socialization and face-to-face meetings in distributed strategic
projects,” J. Strategic Inf. Syst., vol. 16, no. 1, pp. 25-49, 2007.

H. Holmstrom, E. O. Conchdir, J. Agerfalk, and B. Fitzgerald, “Global
software development challenges: A case study on temporal, geograph-
ical and socio-cultural distance,” in Proc. Int. Conf. Global Softw. Eng.
(ICGSE), Oct. 2006, pp. 3-11.

M. A. Razzak, R. Ahmed, and D. Mite, ““Spatial knowledge creation and
sharing activities in a distributed agile project,” in Proc. IEEE 8th Int. Conf.
Global Softw. Eng. Workshops (ICGSEW), Aug. 2013, pp. 24-30.

B. P. Tan, N. B. M. Naidu, and Z. Jamil, “Moral values and good citizens
in a multi-ethnic society: A content analysis of moral education textbooks
in Malaysia,” J. Social Stud. Res., vol. 42, no. 2, pp. 119-134, 2017.

T. H. Nguyen, K. Umemoto, and H. C. Dam, “The knowledge-bridging
process in software offshoring from Japan to Vietnam,” Electron. J. Inf.
Syst. Develop. Countries, vol. 64, no. 1, pp. 1-29, 2014.

S. M. Nuwangi, D. Sedera, and G. Murphy, “Multi-level knowledge
transfer in software development outsourcing projects: The agency theory
view,” in Proc. 33rd Int. Conf. Inf. Syst., 2012, pp. 1-15.

A. Kohn, “Why incentive plans cannot work,” Harvard Bus. Rev., vol. 71,
pp. 323-335, Oct. 1993.

A. Tamjidyamcholo, M. S. B. Baba, N. L. M. Shuib, and V. A. Rohani,
“Evaluation model for knowledge sharing in information security profes-
sional virtual community,” Comput. Secur., vol. 43, pp. 19-34, Jun. 2014.

RAYHAB ANWAR is currently pursuing the mas-
ter’s degree in computer science with Universiti
Tunku Abdul Rahman, Kampar, Malaysia. Her
main areas of research interest include knowledge
sharing, knowledge transfer, and global software
development.

71297



IEEE Access

R. Anwar et al.: Investigation of Knowledge Sharing Behavior in Global Software Development Organizations

71298

MOBASHAR REHMAN received the Ph.D.
degree in information technology (knowl-
edge management) from Universiti Teknologi
PETRONAS, Malaysia. He is currently an
Assistant Professor with the Department of Infor-
mation Systems, Universiti Tunku Abdul Rahman,
Kampar, Malaysia. His research interests include
knowledge management, knowledge sharing,
cyberpsychology, and organization behavior.

KHOR SIAK WANG received the Ph.D. degree
in information retrieval from Universiti Putra
Malaysia. He is currently an Assistant Professor
with the Department of Information Systems,
Universiti  Tunku Abdul Rahman, Kampar,
Malaysia. His research interests include informa-
tion retrieval, advanced image technology, and
advanced information management.

MANZOOR AHMED HASHMANI received the
Ph.D. degree in communication networks from
the Nara Institute of Science and Technology. He
is currently with the Department of Computer
and Information Sciences, Universiti Teknologi
PETRONAS. His research interests include com-
puter communications (networks), artificial neural
networks, and artificial intelligence.

AMJAD SHAMIM received the M.B.A. and
M.S. degrees in marketing and the Ph.D. degree
in management with concentration on value
co-creation/service marketing from the Depart-
ment of Management and Humanities, Univer-
siti Teknologi PETRONAS, Malaysia, where he
is currently with the Department of Management
and Humanities. His research interests include
value co-creation, service logic, service market-
ing, brand experience, consumer behavior, and
experiential marketing.

VOLUME 7, 2019



	INTRODUCTION
	PREVIOUS RESEARCHES USING SOCIAL COGNITIVE THEORY
	MAPPING THE SOCIAL COGNITIVE THEORY FACTORS TO MEASURE KNOWLEDGE SHARING BEHAVIOR
	ENVIRONMENTAL FACTORS OF SOCIAL COGNITIVE THEORY
	MAPPING OF PHYSICAL ENVIRONMENTAL FACTORS OF SOCIAL COGNITIVE THEORY
	TIME ZONE DIFFERENCE
	GEOGRAPHIC DISTANCE

	MAPPING OF SOCIAL ENVIRONMENTAL FACTORS OF SOCIAL COGNITIVE THEORY
	LINGUISTIC DISTANCE

	MAPPING OF PERSONAL ENVIRONMENTAL FACTORS OF SOCIAL COGNITIVE THEORY
	TRUST
	MOTIVATION
	SOCIAL INTERACTION


	INDICATORS VALUES AND QUESTIONNAIRE DEVELOPMENT
	SAMPLING AND DATA COLLECTION
	DATA ANALYSIS
	CONSTRUCT RELIABILITY
	CONVERGENT VALIDITY
	DISCRIMINANT VALIDITY


	RESULTS AND DISCUSSIONS
	CONCLUSION
	IMPLICATION, LIMITATION AND FUTURE WORK
	REFERENCES
	Biographies
	RAYHAB ANWAR
	MOBASHAR REHMAN
	KHOR SIAK WANG
	MANZOOR AHMED HASHMANI
	AMJAD SHAMIM


