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ABSTRACT Offshore software development outsourcing (OSDO) is a modern business strategy for
producing high-quality software at a low cost. The OSDO refers to the practice of contracting to an offshore
(extrinsic) organization to perform some or all software development work of a product. For the benefit of
the OSDO vendors, this paper aims to develop a ‘‘communication and coordination challenges mitigation
model’’ (CCCMM) that provides solutions for unambiguously defined communication and coordination
processes in global software development (GSD) environment. Our proposed model is based on the fuzzy
multi-attribute decision-making (FMADM) approach incorporating the capability of group decision-making.
The FMADMapproach is used both in the ranking of survey and assessment of case studies. First, the authors
undertook a systematic literature review (SLR) that identified all cited challenges from a set of 101 articles.
We identified 18 problem areas faced by the GSD vendors in OSDO relationships. Of these, six were
ranked as critical. For the purpose of identifying corrective interventions, a second SLR was conducted that
revealed 75 remedial measures extracted from 63 chosen articles. To validate our SLR findings, we surveyed
42 outsourcing experts from six countries. We also categorized six critical challenges and 75 corrective
practices into four mitigation levels based on CMMI, SOVRM, and SOPM. In addition, two case studies were
conducted to evaluate CCCMMoutcomes in OSDO companies. The assessment results of the first case study
do not recommend Company-A for the successful implementation of level-2 of the CCCMM, so Company-
A stands at level-1. We have observed from the second case study that Company-B has implemented all
the critical challenges of the level-2 only; therefore, Company-B is at level-2 ‘‘success’’ of the proposed
assessment model.

INDEX TERMS Software outsourcing, systematic literature review, survey, case study, fuzzy multi-attribute
decision-making, challenges, practices and mitigation levels.

I. INTRODUCTION
Globalization affects business models for companies that
develop an international market and seek the competitive

The associate editor coordinating the review of this manuscript and
approving it for publication was Hailong Sun.

advantages of reduced costs and increasing productivity.
Many such companies are engaged in software development
and are no strangers to the adaptive measures of develop-
ing software by using software development teams that are
remotely scattered around the globe, a process known as
Global Software Development (GSD) [1]–[3]. As a highly
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dynamic and crucial component of a company’s business
model, selecting the best GSD locale to outsource soft-
ware developmental operations bears substantial influence on
successful outcomes [4].

Global Software Development (GSD) has revolution-
ized conventional software development practices, especially
since the conventional software market entered the era of
smart handheld devices with operating systems like iOS
and android, mobile applications, games and social network-
ing applications. Definitions and building blocks for util-
ity software as well as operating and computers systems
have completely changed and a large number of state-of-
the-art tools and technologies are abundantly available, espe-
cially as software development accelerates and floods the
market with innumerable applications. Under these circum-
stances, traditional approaches to software development fail
to meet requirements of contemporary trends in the IT indus-
try. Consequently, increasingly supple approaches have been
designed for conventional software development that have
precipitously replaced traditional methods [5], [6]. Hence,
legacy designs for these agile processes require modification
to suitably attend ‘latest trend’ software development [5].

Agile Software Development benefits GSD by empha-
sizing customer collaboration, individual interactions, con-
tinual collection of necessaries and the deliverance of a
software product within both time and budgetary constraints,
etc. [6], [7]. Hence, GSD is gaining a rapidly advancing posi-
tion that offers a number of advantages to clients and vendors.
These benefits include geographic proximity to end-process
consumer, competitive advantages, access to global talent
pools and vendor opportunities to access new markets [8].
GSD also offers onshore organizations access to local knowl-
edge, market proximity, flexible response modalities and
response time in the face of diverse local opportunities, and
access to highly qualified skilled human resources — all at
lower costs [7], [9].

The major reasons that support GSD’s dramatic growth
are (i) round-the-clock development; (ii) access to highly
qualified skilled personnel; (iii) the production of high quality
software at low cost; (iv) and access to state-of-the-art Infor-
mation and Communication Technologies (ICTs) [4], [7],
[10]–[12]. Furthermore, the online availability of resources,
skills, better business and economic environments, and
the ready availability of highly qualified professionals
in software outsourcing destinations like China, India,
Pakistan etc. have all combined to create the present GSD
reality [10], [13]. As the world shrinks to a global village,
software development processes pursue the cooperation and
coordination of multiple teams that are spread across the
globe and which possess unique capabilities and skills [14].
Moreover, studies indicate that the Collaborative Software
Development model has several advantages that include
increased productivity and cost efficiency [14].

GSD typically involves stakeholders in different time
zones and locations who hail from different national and

organizational cultures that may even utilize different tech-
nologies in their collaborations. These temporal, geograph-
ical and socio-cultural departures can present significant
communication, coordination and control challenges that
need to be addressed to better realize the benefits of
GSD [15]. Khan and Ilyas [15] identified ‘cultural differ-
ence’ as a critical challenge that negatively affects the entire
OSDO process. Similarly, the ‘management of knowledge
sharing’ is another important factor that is negatively affected
by the ambiguous nature of knowledge in the absence
of synchronized communication caused by a geographic
barrier [16].

Verner et al. [11] conducted a tertiary study and found
numerous challenges which included the following: engineer-
ing issues, coordination of risk control measures, software
component integration, cultural differences, issues involving
the selection of an appropriate vendor, communication and
collaboration, planning, software development processing,
configuration management, training and architectural design.

II. BACKGROUND
Offshore outsourcing refers to contracts between a client and
a geographically distant vendor [17]. Many software devel-
opment companies competed over the last two decades to
improve profit margins by (i) improving product-time-to-
market outcomes; (ii) hiring software experts living in coun-
tries with lower labor costs; (iii) and defying the ‘clock’ by
running projects 24 hours a day. As a result, a large number
of software development projects were/are performed under a
network of global distribution at many different sites located
in several countries. This distributed management approach
is called Global Software Development (GSD) or Global
Software Engineering (GSE) [18]. Offshore Software Devel-
opment Outsourcing (OSDO) (i.e., offshore outsourcing) is
an important paradigm within GSE for the development of
high quality but less expensive software by professionals
in low-wage/overhead countries [4]. India, Ireland, China
and Russia are major vendor countries while the US,
UK, Australia and Japan are leading client countries [19].
India has the largest vendor-market share, followed by
China [20]. Researchers also predict that China will over-
take India within the next decade [20], [21]. Here are the
top ten reasons why companies/organizations use software
outsourcing [22]–[25]:
• Reduce and control operating costs;
• These specific functions are difficult to manage or out
of control;

• Acceleration of re-engineering activities;
• The exploitation of offshore capabilities;
• Improve a company’s focus;
• To free-up resources for other purposes;
• Reduce time to market;
• Gain access to world-class talent;
• Risk sharing;
• Resources not available internally.
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The present research explores this area with an intensive
effort to specifically identify significant risk factors that
negatively affect OSDO communications and coordination
efforts and also by classifying themost appropriate mitigating
practices for vendors.

A. EXISTING WORK ON COMMUNICATION AND
COORDINATION CHALLENGES IN OSDO
Communication and project coordination are the two major
pillars that support successful OSDO relationships [26].
A lack of communication and/or effective project coordina-
tion unfavorably challenges any outsourced project [27] and
when not addressed in time can lead to project failure. The
major reason for such problematic occurrences is the geo-
graphical separation between client and vendor. Nonetheless,
effective OSDO relationships thrive when communication
and project coordination processes are optimized.

Poor communication and ineffective project coor-
dination are major challenges to distributed software
development [28] that often cause project failures [29].
As such, time zone and cultural differences appear to be the
most significant communication challenges that negatively
affect project coordination [30].

According to Niazi et al. [31], outsourcing projects with
closer geographic and time zone proximity allow for more
communications compared to projects assigned to vendors
at a greater distance and disparate time zone. They reported
that greater geographic dispersion and time zone disparity
in distributed projects hamper communication and project
coordination. Language differences also complicate OSDO
communication and coordination [32], [33]. Language barri-
ers can prevent the implementation of new processes through-
out an enterprise and also constrain necessary feedback
between diverse departmental agents. As such, language dif-
ferences negatively affect the achievement of team goals and
objectives while also aggravating extant problems in busi-
ness operations by hindering effective team/project-leader
cohesion [33]. Khan and Ilyas [15] identified various inter-
cultural challenges faced by vendors in OSDO relationships
and argued that cultural differences also negatively impact
communication and thus impede collaboration and coordina-
tion processes between clients and vendors [15], [34].

GSD’s high degree of popularity is largely due to
tremendous growth in Information Communication Tech-
nology (ICT), although high costs and a lack of ICT
technology can hamper communication and coordination
processes in offshore software outsourcing [11], [35]. Trust
is another basic factor that affects software outsourcing
relationships [36]. Achieving and preserving trust in OSDO
projects is a particularly important element, especially for
dispersed team members that are also culturally and tempo-
rally distant [37], [38]. OSDO communication and project
coordination processes also suffer a lack of informal face-
to-face contacts that multiply challenges to outsourcing
organizations [39], [40]. The lack of casual fraternization can

distort communications by a lack of confidentiality and even
healthy resistance (criticism) that then allows the transmis-
sion of incomplete/incorrect data with un-cooperative social
overtones resulting in rumors, misunderstandings, mistakes
and management difficulties— all of which lead to a loss of
control and project failure [41].

B. RESEARCH GAPS AND IMPETUS
This study identified, by undertaking both the Systematic
Literature Review (SLR) and an Empirical Study, the prob-
lematic causes of failure and poor outcomes in OSDO com-
munications and project coordination.

Moreover, and especially as India boasts more than half
of all CMMI level-5 companies in the world [42], we further
noted the use of certification criteria to qualify software stan-
dards and models in the selection process of OSDO vendors.
Hence, we hope that the present work will enhance the con-
temporary qualifying model by adding meaningful metrics to
OSDO vendors who seek to identify, analyze and respond
to communication and project coordination challenges with
validated solutions.

Four research questions (RQs) determined this study’s
guidelines:

RQ1. What communication and coordination challenges,
as identified by a qualified literature search and empirical
study, are confronted by OSDO vendors?

RQ2. From the vendor’s perspective and as identified
by a qualified literature search and empirical study, what
solutions/practices have been employed to address com-
munication and project coordination challenges in OSDO
relationships?

RQ3. How can the CCCMM be developed based on input
from RQ1 and RQ2?

RQ4. Is the CCCMM practically robust in terms of mea-
suring and mitigating communication and coordination chal-
lenges faced by vendor organizations in OSDO relationships?

III. COMMUNICATION AND COORDINATION
CHALLENGES/PRACTICES DETERMINING
METHODS AND FRAMEWORK
This study developed a Communication and Coordination
Challenges Mitigation Model (CCCMM) for software out-
sourcing organization evaluation based on the structure of
CMMI and fuzzymulti-attribute-decisionmaking (FMADM)
approach [43], [44] taking various critical communication
and coordination challenges as main, while its implementa-
tion practices as sub-criteria. Methodology for the develop-
ment of proposed model is shown in Fig. 1. Details are given
as follow:

In this study, we propose an analytical model for software
outsourcing vendor organizations, using FMADM approach,
to evaluate their ability towards communication and coordi-
nation relationship formation. Our proposed CCCMM frame-
work consists of five main stages, as shown in Fig 2.
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FIGURE 1. Methodology for the development of proposed model.

FIGURE 2. CCCMM framework for evaluation communication and
coordination process.

A. CONDUCTION OF SLRs
Stage-1: Identification of communication and coordination
challenges and its practices, and framing them into model
form

In stage-1, two SLRs were executed to extract rele-
vant data [45]: one to identify communication and coor-
dination challenges and another to identify practical
solutions [46], [47]. We used the SLR approach as a major
tool in previous studies [48]–[50], as it methodically sup-
ports primary assessments [45] and for which we transcribed
SLR protocols (taken from [49]) to formulate a strategic
plan for the present work. According to Kitchenham and
others [25], [45], [51]–[54], the SLR process comprises three
main stages: planning, conducting and reporting, we have
identified 6 critical communication and coordination chal-
lenges (CCCC) and 75 practices from a sample of 164 papers.

B. CONDUCTION OF EMPIRICAL STUDY
Stage-2: Obtaining the importance weights of the critical
communication and coordination challenges and its practices

In stage-2, we conducted a survey of forty-two (42)
OSDO experts to validate SLRs findings and to find other

important challenge(s) and practice(s). An empirical sur-
vey is an experiential investigation that obtains qualitative
and/or quantitative descriptions from a sample population.
It is the most widely used data collection tool in the collec-
tion of implicit data for a problem of interest or meticulous
occurrence [38], [55], [56]. Other investigators have adopted
a similar approach [23], [24], [38], [57]. The findings of this
stage are presented in table 5. In the light of the outcomes
of the survey, we have revised the model. The survey also
validated the initial grouping of the critical communication
and coordination challenges and its practices into different
mitigation levels.

C. CONDUCTION OF CASE STUDIES
Stage-3: Obtaining the possible implementation of the crit-
ical communication and coordination challenges and its
practices

In stage-3, we have conducted a case study in OSDO orga-
nizations. The aim of the case study was twofold 1) to check
the practicality of the proposed model and 2) to find the pos-
sible rating of the critical communication and coordination
challenges and its practices. For rating, we use the dimension
and guidance of the Motorola Assessment Tool [58], as given
in table 3. The outcome of this stage is summarized in table 7.
In the light of the case study results, we have revised the
proposed model.

We used case study tool for the evaluation of CCCMM,
because it consider a powerful tool to provides useful real
world information [59]. Two case studies were conducted to
evaluate CCCMM’s effects on OSDO client-vendor relation-
ships. To support each case study, focused group sessions
were also held with participants to obtain feedback on the
proposed CCCMM. We employed a case study method as
a validation tool to reveal critical data in a coincident soft-
ware industry environment [59]. A real-time approach pro-
duces valuable insights that are crucial to problem solving
strategy [60], especially as the proposed CCCMM applies to
OSDO praxis.

The assessment results of each company are shown in
table 8 and 9.

The possible implementation weight of practice for off-
shore software development outsourcing relationship with
regard to each critical communication and coordination chal-
lenges is calculated as follows:
Step 1: The participants in the case study was requested to

provide their independent views about the extent of imple-
mentation of each practice in their organization from the
three dimensions of Motorola Assessment Tool by choosing
linguistic term as shown in table 2 and incorporating the
Motorola guidelines as given in table 3.
Step 2: The linguistic terms are then transcribed into corre-

sponding TFN an example based on critical communication
and coordination challenge 2: ‘‘Lack of ICT/Technological
Cohesion’’ are shown in table 7.
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Step 3: Three-dimensional scores in TFN format are then
converted to an average score in the same TFN format
using (10) as shown in table 7.
Step 4: To aggregate the subjective judgments of the par-

ticipants towards the implementation of practices (because
the perception of each expert is different due to their role,
experiences, and education level etc).

Equation (14) is used to get the synthesized TFN as listed
in table 12 column 2 (see Appendix C for table 12).
Step 5: Then defuzzification of the TFN is carried out to

obtain BNP in the crisp format using (15) as shown in table
12 column 3 and 4 (see Appendix C for table 12).

D. IDENTIFICATION OF CRITICAL COMMUNICATION
AND COORDINATION PRACTICES AND FRAMING
THEM INTO MODEL FORM
Stage-4: Evaluate the outcomes
In stage-4, we evaluate the outcomes of stage 3. If high

rate outcomes are obtained, then the successful conversion
will be announced, otherwise, failure will be announced.
In either case, wewill proceed to next stage.We have also dis-
tributed the identified critical challenges and its practices into
four mitigation levels based on the structure of CMMI [61],
IMM [62], SOVRM [63], SOPM [50] and SPIIMM [2] as
shown in Table 4.

The critical communication and coordination challenges
and its practices are categorized into four mitigation levels as
shown in Table 4. The practices for these critical challenges
are listed in Appendix-D (Table 13). The code CnPm pre-
sented in Table 4means practicem for critical communication
and coordination challenge n.

The proposed CCCMM holds four mitigation levels and
each level addresses different critical communication and
coordination challenge. For each critical challenge various
practices are assigned as implementation guides. In order to
attain a particular mitigation level, vendor organizations need
to adopt each practice for that particular level. These four
CCCMM levels are discussed below:
• Level 1: Adopted from SOVRM and CMMI (as is).
• Level 2: ‘Communication’; focus is to appropriately
address communication challenges. This level holds two
critical communication challenges and twenty-two prac-
tices.

• Level 3: ’Proximity’; focus is to appropriately address
all cultural, geographical and language differences. This
level holds three communication and coordination chal-
lenges and thirty-six practices.

• Level 4: ’Coordination’; focus is to good coordination of
all outsourcing activities with the client. This level holds
one critical communication and coordination challenge
and seventeen practices.

These four CCCMM mitigation levels have been estab-
lished as sufficient to categorize vendor awareness for OSDO
business relationships. Like CMMI, IMM, SOVRM and
SOPM, challenges or factors and its practices were also
distributed between the different levels. Appendix A lists

TABLE 1. Linguistic terms for weighting practices.

TABLE 2. Linguistic terms for rating practices.

the corrective practices assigned to each challenge included
in the CCCMM’s mitigation levels. All remedial practices
included in the final list derived from industry practitioners
who acknowledged the mass real-life outsourcing experi-
ences. Nonetheless, we did a thorough review to remove
iterations.
Stage-5: Assess the OSDO organization through proposed

model
After the assessment, the model will indicate weak critical

communication and coordination processes in case of failure,
while in case of success; the model will announce the mitiga-
tion level and further improvements direction.

E. OBTAINING THE IMPORTANCE WEIGHTS OF THE
CHALLENGES AND ITS PRACTICES
This study presented an easy way to grasp linguistic
terms, parameterize using triangular fuzzy numbers (TFNs),
to express subjective agreement or disagreement about the
significance of various practices. We were interested in find-
ings the importance weight because not all of the practices
are equally important.

A fuzzy set allocates the value of memberships to objects
within its universe of discourse in a range of zero and one.
Let U is a universal set whose elements are {u} then, a fuzzy
set X is defined by its membership function as follows:

µX(u) : → U[0, 1] (1)

which allocates to each {u} a grade of membership X in
interval [0, 1].

Several articles have mentioned that the subjective fuzzi-
ness of human thoughts can be dispensed by incorporating
fuzzy set theory [64]–[66]. For such circumstances, linguistic
scale was recommended giving a practical means of unfold-
ing. We have incorporated seven points linguistic scale for
assigning the importance weight of communication and coor-
dination practices as shown in table 1.
Similarly, seven linguistic variables as shown in table 2

based on Motorola Assessment Tool [58] are provided to
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TABLE 3. Key evaluation dimensions of motorola assessment tool.

the case study organizations to rate the implementation of
communication and coordination practices across the three
dimensions (approach, deployment, results).

The procedure for obtaining the significance weights of
practices are explained in the following steps:
Step 1: Translate the responses of the survey participant

into a matrix A using scale as presented in table 2.

R1 R2 R3 · · · Rm

Ã =

P1

P2

P3
...

Pn



α̃11 α̃21 α̃31 · · · α̃m1

α̃12 α̃22 p̃32 · · · α̃m2

α̃13 α̃23 α̃33 · · · α̃m3

...
...

...
. . .

...

α̃1n α̃2n α̃3n · · · α̃mn


,

j = 1, 2, . . . , n; i = 1, 2, . . . ,m, (2)

where n represent the total number of practices and m repre-
sent total number of respondent, α̃ij = (lα̃ij , mα̃

i
j , uα̃

i
j) shows

the fuzzy weight of the practices given by ith respondent for
jth practice. One example, of the result, is given in table 5.
Step 2: Since the subjective evaluation of each participant

vary with respect to their experience, role, perception, and
understanding of the subject matter. Therefore, we incorpo-
rated the mean score approach to aggregate the fuzzy impor-
tance of each practices by m respondent.

ω̃j =
1
m

[
m∑
i=1

αij

]
(3)

where ω̃j = (lω̃j, mω̃j, uω̃j) shows the aggregate fuzzy
importance weight of the jth practice.
Step 3: The aggregated TFN ω̃j is used to obtain the best

non-fuzzy performance (BNF) value, BNPWj. BNPWj can be
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TABLE 4. Preliminary CCCMM mitigation levels.

produced through (4)

BNPWj =

[(
uwj − lwj

)
+
(
mwj − lwj

)]
3

+ lwj (4)

Here, BNPwj represents the BNP value for the TFN ω̃j
while Wj is the importance weight of the jth practice in
classical (crisp) number format.
Step 4: After the defuzzification of TFN in step 4, crisp

numbers are obtained and normalized using (5).

Rj =
Wj∑ n
j=1Wj

(5)

where Rj shows the normalized significance weight of the
jth practice such that

∑ n
j=1Rj = 1.

We also calculated and normalized the crisp number for
each practice within critical challenges RPC and within level
RPL using (6).

RPC =
WPC∑k

PC=1WPC
(6)

In (6) WPC represent the BNP weigh of the each indi-
vidual practice in the respective critical communication and
coordination challenge, k represent the total number of prac-
tices in that critical challenge while

∑K
PC=1WPC represent

sum of the BNP weight of the all practices in that critical
challenge.

RPL =
WPL∑h

PL=1WPL
(7)

In (7)WPL represent the BNPweight of the each individual
practice in the respective mitigation level, while h is the total
number of practices in that level.

WC =

k∑
PC=1

WPC (8)

WL =

h∑
PL=1

WPL (9)

Using WPC (BNP weight of practice in critical communi-
cation and coordination challenge), we can calculate the WC

BNP weight of each critical challenge by (8) and WL BNP
weight of each level by using (9).

F. OBTAINING THE EXTENT OF IMPLEMENTATION OF THE
PRACTICES IN THE RESPECTIVE ORGANIZATION
The procedures for obtaining the extent implementation of the
practices in the respective organization are explained in the
following steps:
Step 1: Create three matrices B̃A, B̃D, and B̃R for the extent

of implementation of practices (̃PJ , 1, 2, 3, . . . , n). A, D and
R represent the three dimensions of Motorola assessment
tool as given in table 3 using (2). The respondent of the
survey (̃Ri, 1, 2, 3, . . . ,m) are then questioned to give their
subjective opinions about the extent of implementation of
each practice in their respective organization the guidelines of
Motorola assessment tool as specified in table 3, by choosing
linguistic term as given in table 2.

Where n represent the total number of practices, m repre-
sent total number of respondent and B̃ij =

(
lB̃ij,mB̃

i
j, uB̃

i
j

)
shows the fuzzy implementation of the practices given by ith
respondent for jth practice.

After getting the evaluation in three dimensions (̃BA, B̃D,
and B̃R), we obtained mean evaluation B̃M by (10).

B̃M =
B̃A + B̃D + B̃R

3
(10)

where M, represents mean or average. One example, of the
result, is given in table 7.
Step 2: We aggregate the fuzzy implementation of each

practice by m respondent using (3). The ω̃j was replaced with
q̃j to represent weight in case study.
Where q̃j = (lq̃j,mq̃j, uq̃j) shows the aggregate fuzzy

weight of the jth practice.
Step 3: The aggregated triangular fuzzy numbers (TFN) q̃j

is used to obtain can be produced through (4).
(W is replace with Q in formula to represents weights in

case study)
Here,BNPQj represents the BNP value for the TFN q̃j while

Qj is the crisp implementation of the jth practice in classical
number format.
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TABLE 5. Corresponding TFNs (Weighting) of CCCC2: ‘‘Lack of ICT/Technological Cohesion’’.
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TABLE 6. Importance weight and possible ranking of the critical communication and coordination challenges (CCCC) and level.

G. DETERMINING THE SUCCESS POSIBILITY
OF COVERSION TO MITIGATION
Once we get the weight of the practice Rj and implementation
of the practice Qj in the organization, then it is easy to obtain
the possible success Psuccess by equation (11).

Psuccess = Rj × Qj (11)

If the possibility of success is known then it is easy to find
the possibility of failure by equation (12).

Pfailure = 1× Psuccess (12)

IV. EMPIRICAL CASES FOR ASSESSING THE POSSIBILITY
OF SUCCESS OF COMMUNICATION AND
COORDINATION PROCESS
As discussed in section III, in order to validate SLRs findings,
we conducted a survey of forty-two (42) OSDO experts.
An empirical survey is an experiential investigation that
obtains qualitative and/or quantitative descriptions from a
sample population. It is the most widely used data collection
tool in the collection of implicit data for a problem of interest
or meticulous occurrence [38], [55]–[57]. Other investigators
have adopted a similar approach [23], [24], [38], [57].

A. STEPS FOLLOWED IN CONDUCTION
OF EMPIRICAL STUDY
We have followed the following steps in conduction of ques-
tionnaire survey.

1) COLLECTION OF DATA AND INSTRUMENTS USED
IN THE EXISTING EMPIRICAL STUDY
The main intention of the survey was to gather knowledge
from the experience and opinions of industry practitioners in
the context of client-vendor OSDO relationships. Hence, it is
primarily qualitative research focused on a contextual socio-
cultural phenomena with an observation to acquire impres-
sion of a complex area and toward survey the topic [55], [67].
Questionnaires surveys are mainly appropriate in favor of
collection of qualitative data for the reason that they provide a
chance in support of argument and investigation of innovative
areas [55], [67]. We also used Google Drive a free online tool
for the collection of data and as an instrument tool.

2) EMPIRICAL STUDY VALIDITY
Before deployment, five associate members of the SERG_
UOM@YAHOOGROUPS.COM, with several years experi-
ence, tested the questionnaire survey and confirmed that it
would take approximately thirty minutes to complete the
survey. They also made suggestions for changes in delivery
and question sequencing.

3) IMPLEMENTING THE QUESTIONNAIRE SURVEY
Before launching the survey, we mailed research summary
and letter of invitation to websites such as ‘‘Yahoo, Linkedln
and Facebook’’ and Software companies at Pakistan. Further,
we additionally requested the authors of relevant industrial
papers1 to participate in the survey. In reply, 110 professional
experts consented to contribute, after which we sent them the
questionnaire’s web link. We received a total of 48 completed
questionnaire survey results in a predefined time frame. After
pertaining qualification criterion, we excluded six (06) ques-
tionnaires. A total of 42 responses remained for further anal-
ysis. Of these, six experts were foreigners and the remaining
36 were Pakistani nationals.

4) DATA ANALYSIS STRATEGY
The 42 remaining responses yielded a 38.18% response rate
for the survey.

5) DISCRIMINANT AND CONVERGENT VALIDITY
We have very high confidence that our existing study con-
tributes to both academic and industrial venues regarding
OSDO activities. Largely, the present findings comple-
ment our previous SLR [4], [46] contributions to the disci-
pline while offering robust concurrence between SLR and
empirical outcomes [68] that fill the gap between indus-
trial experience and academic speculations regarding OSDO
client-vendor relationships.

B. WEIGHT CALCULATION OF THE CRITICAL
COMMUNICATION AND COORDINATION
CHALLENGES AND ITS PRACTICES IDENTIFIED
THROUGH EMPIRICAL STUDY
We have found 75 practices (see Appendix A) through
SLR and validated it through a questionnaire survey in

1These papers had already been selected through our previously published
SLRs.
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TABLE 7. Corresponding TFNs of Implementations of CCCC2: ‘‘Lack of ICT/Technological Cohesion’’.
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TABLE 8. Assessment results at Company-A.

TABLE 9. Assessment results at Company-B.

OSDO industries. These practices are used as input in the
weight calculating process. Following are the steps followed
in this process.

1) WEIGHT CALCULATION OF EACH PRACTICE
1. These OSDO experts are questioned to give their subjective
judgment about the significance of each practice in OSDO
activities incorporating linguistic scale presented in table 1.
2. The linguistic evaluations are then transcribed into cor-

responding TFNs as shown in table 5, while taking criti-
cal communication and coordination challenge 2: ‘‘Lack of
ICT/Technological cohesion’’ as an example.

3. As the observation of each expert are different due to
their role, industrial experience, qualification etc. Equation-3
was used to get the synthesized aggregate TFN as listed in
table 11 column 2 (see Appendix B for table 11).
4. Then defizzification of the TFNwas carried out to obtain

BNC in a crisp format using equation (4). The outcomes are
shown in table 11 column 3 and 4. The BNP value was used
for ranking and further calculation as shown in table 11 (see
Appendix B for table 11).

5. The crisp number obtained in step 4 was normalized and
the normalized importance Rj of practices was obtained by
using (5) which were further used to find an overall rank
of each practice. The outcomes are presented in table 11
column 8 and 9 (see Appendix B for table 11).

6. We also calculated the weight of each level and each
challenge by using Rj across level and challenge.

C. DETERMINING THE SUCCESS POSSIBILITY OF
COMMUNICATION AND COORDINATION CHALLENGES
MITIGATION CONVERSION/FORMATION
Once we have an importance weight Rj and possible imple-
mentation Qj of practice then it is easy to calculate the pos-
sibility of success using (11). The possibility of success for
company A is shown in the second last column of table 8.
The overall success is equal to the sum of the success of all
practices. The success 0.5 indicates a 50% chance of both
success and failure. Once we get value for the possibility
of success then the possibility of failure can be calculated
using (12).

D. ASSESSMENT BASED ON THE MOTOROLA
ASSESSMENT TOOL AND MODEL LEVELS
In order to find the possible mitigation level, and weak area
for further improvements, the implementation score IC for
each critical communication and coordination challenge and
each level IL was calculated using (13) and (14) respectively.

IC =

∑k
j=1Qj
QL

(13)

In (13),
∑k

j=1Qj represent the BNP weight QC of the each
individual critical challenge, QL is um of the BNP weight
of all practices in that level, k represent the total number of
practices in that level.

IC = sum of the implementation score of all practices for
that critical challenge (QC) / Sum of the implementation score
of that level (WL).

IL =
QL∑k
j=1Qj

(14)

QL = WL/ sum of implementation of all practices/
solution (14)

V. RESULTS, ASSESSMENTS AND RECOMMENDATIONS
The importance weight and possible ranking of 75 prac-
tices for 6 critical communication and coordination chal-
lenges faced to OSDO vendor organizations in connection to
CCCM formation are given in table 11 (see Appendix B) and

TABLE 10. Revised CCCMM mitigation levels.
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TABLE 11. Importance weight and possible ranking of the practices.
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TABLE 11. (Continued.) Importance weight and possible ranking of the practices.

table 6 respectively. In our findings C6P4, C4P11, C2P1,
C4P7, C3P10, C3P1 and C2P5 are the most cited practices
with respect to the overall weight of importance. The OSDO
vendor organizations need to follow the following practices
for successful communication and coordination relationship
with their clients:

1. C6P4: Improve personal relationship with clients
2. C4P11: Assign technical lead to each site that would be

responsible to coordinate process, development and schedule
activities

3. C2P1: Adopt Different Latest Technologies such as:
Teleconferencing, Videoconferencing, etc.

4. C4P7: Encourage both asynchronous and synchronous
communication

5. C3P10: Appoint strong leadership for each team
6. C3P1: Establish open communication between stake-

holders through face to face meetings, instant messaging and
onsite visits

7. C2P5: Arrange Knowledge Sharing Activities between
team members

We have examined that in Level two ‘‘Communication’’
C2P1, C2P5, C1P1, C1P3 and C1P6 are the most cited
practices. In order to successfully achieve this level, OSDO
vendor organization needs to follow the following practices:

1. C2P1: Adopt Different Latest Technologies such as:
Teleconferencing, Videoconferencing, etc.

2. C2P5: Arrange Knowledge Sharing Activities between
team members

3. C1P1: Adopt appropriate communication tools like
videoconferencing, Teleconferencing, Data Conferencing
and Web-Based Technologies

4. C1P3: Daily exchange of the project status by technolo-
gies such as, telephone calls, video conferences or emails etc

5. C1P6: Create team having technical skills and cultural
awareness

Similarly, we have observed that in order to achieve suc-
cessful implementation of Level 3 ‘‘Proximity’’, OSDO ven-
dor organization needs to follow the following top most
practices in this level:

1. C4P11: Improve personal relationship with clients
2. C4P7: Encourage both asynchronous and synchronous

communication

3. C3P10: Appoint leaders with strong leadership qualities
4. C3P1: Establish open communication between stake-

holders through face to face meetings, instant messaging and
onsite visits

5. C4P8: Establish communication guidelines, technical
infrastructure for information and communication, for exam-
ple, effective tools and work environments.

Concerning the last Level ‘‘Coordination’’, the top four
practices are:

1. C6P6: Promote informal meetings
2. C6P1: Invest in building and maintaining trust and good

relations
3. C6P13: Travel to client location for establishing friendly

ties
4. C6P5: Promote efficient outsourcing relationship

A. ASSESSMENT RESULTS AT COMPANY-A
Company-A was ISO 9001:2008 and CMMI Level 2 certi-
fied, located in Islamabad, Pakistan. It is an acknowledged
leader in global consulting, IT services and business tech-
nology that provides offshore software services, web appli-
cation development, and technical resource outsourcing at
affordable costs. They offer strategy consulting in software
solutions and the implementation of project development
plans for customer’s and holds excellent domain compe-
tencies in verticals such as Automotive, Healthcare, Manu-
facturing, Telecom-Infrastructure-Media-Entertainment and
E-Governance, all of which make the company a market
leader. The company also offers a range of expertise that aims
to help customers re-engineer and re-invent their businesses
to successfully compete in an ever-changing marketplace.

The company’s network spans six countries across six con-
tinents. Nearly 60+ dedicated and highly skilled IT profes-
sionals work in the company’s development center in Pakistan
and serve more than 150+ companies globally. They have
a strategic business technology and marketing alliance with
Microsoft that provides end-to-end services to their clients.

For the assessment, we have considered critical com-
munication and coordination challenges and the rating of
practices Qj is used as input. Following the guidelines
of Motorola Assessment Tool in our fuzzy multi-attribute
decision-making based assessment framework, an average
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TABLE 12. Implementation score and possibility success of the practices.
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TABLE 12. (Continued.) Implementation score and possibility success of the practices.

score of 0.7 or above for each critical challenge will show
that the specific critical challenge have been successfully
implemented. Any critical challenge with an average score
that falls below 7 will be considered weak. For a company to
achieve any CCCMM level they need to implement all the
cited critical challenges in that level. For example a com-
pany to get level 2 of CCCMM, their implementation score
of ‘‘Lack of Informal/Face-to-face meeting’’ and ‘‘Lack of
ICT/Technological Cohesion’’ must be >= 0.7. We use the
similar criteria for the practices rating score, such as a practice
has an average score of 0.7 or above will considered that a
practice has been successfully implemented and below 7 will
be considered as weak.

Our assessment results (table 8) do not recommended
Company-A for successful implementation of level-2 of
CCCMM because the success rate is less than 70% i.e. 69%.
Table 8 shows that none of the level is implemented,
so Company-A stands at level 1.

B. ASSESSMENT RESULTS AT COMPANY-B
The second company is also a software developing company
located in Islamabad, Pakistan. It is a small sized company
with about forty employees that provides the following ser-
vices to clients:
• Android Development;
• I-phone Development;
• Brand Design;
• Work to synchronize and ensure quality Architecture,
Design, Development, Testing and Deployment;

• Understand Apple’s likes and dislikes;
• Ensure proper requirements for high-level discussions
on application concepts with a client’s team;

• Create Apps that do not consume bandwidth and provide
long-term value to customers;

• Ensure an application’s ease of adaptability on iPhone 4,
iPhone 4S, iPhone 5, iPhone 5s and all future iPhone
versions;

• Understand every feature of iPhone such as Gyroscope,
Accelerometer, GPS, touch screen, screen size, cameras,
sensors, battery life, etc.

• Help iPhone application developers understand the iOS
operating system and its development kit (iOS SDK);

• Create applications considering end-user satisfaction
(User friendliness, ease of installation, operation and
entertainment);

• Ensure documentation and authentication of standards
that meet Apple’s validation criteria;

• Ensure that an application is tested in both development
and real-time venues before release on the Apple iStore
Enterprise and on schedule.

Table 9 shows the assessment results at Company-B.
We have observed that this company has implemented all the
critical challenges of the level-2 only; therefore Company-B
is at level-2 success of the proposed assessment model.

C. MODIFICATION IN THE STRUCTURE OF CCCMM
In reviewing evaluation results from both case studies (see:
tables 8 & 9), we noted the need to modify the CCCMM
structure. We thus moved ‘Language Difference’ from the
Level-3 to Level-4 ‘Coordination’, as both companies had
not fully addressed the ‘Language Differences’ challenge,
indicating that remediation of this challenge proved difficult
for them. We also changed the name of Level-3 from ‘Prox-
imity’ (preliminary structure) to ‘Familiarization’ (revised
structure), as shown in table 10.

VI. LIMITATIONS OF THE STUDY
The limitations of the study to criticize this research work is
related to giving case specific empirical implication besides
generalized one. In this paper, we have taken OSDO relation-
ship as empirical case; however, the decision support frame-
work based on multi-attribute assessment can be adopted
for any MADM problems related to any field. Additionally,
we have generalized the framework development methodol-
ogy to such an extent that other researchers can easily adopt
the proposed assessment model procedure and methodol-
ogy for developing framework for their organization process
improvements.

External validity focuses on overall outcomes in all
domains. Here, our undeniable deficit is the partial figure
of foreign contestants. Out of forty-two respondents only six
were from abroad.We did prefer the inclusion ofmore foreign
OSDO experts but due to scarce resources and time con-
straints it was not possible. Hence, this limitation thwarts any
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TABLE 13. List of practices for critical communication and coordination challenges faced to OSDO vendor organizations.
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TABLE 13. (Continued.) List of practices for critical communication and coordination challenges faced to OSDO vendor organizations.

generalization of the study’s results. However, we are fully
confident that our findings complement outcomes reported
in our previously published SLRs [4], [46], [49], especially
as there were no major differences between our SLR
findings and empirical results [68]. Therefore, the present
work may help to bridge the gap between academicians/
researchers and industry practitioners regarding the con-
text of software outsourcing. Moreover, our empirical study
and those of other researchers followed much the same
approach [23], [57], [69].

VII. CONCLUSION AND FUTURE WORK
In order to answer RQ1 and RQ2, we have conducted
SLRs [4], [46] and empirical study [70]. We identified
through SLR1 seventeen communication and coordination
challenges faced to OSDO vendor organizations [4], [46].
In these challenges six were consider critical. We have found
75 practices (see Appendix A) through SLR2 for these critical
challenges and validated it through a questionnaire survey
in OSDO industries. To answer RQ3, this study developed a
framework model (CCCMM) based on CMMI and FMADM
approach for forecasting the possibility of successful OSDO
relationship. A similar approach has been used by other
researchers [1].

The proposed model has two main parts such as; weighting
or ranking, and assessment or rating. Due to the independent
nature of the two parts, each part can be utilized individ-
ually. The ranking part of the proposed framework might
be used as a ranking mechanism for critical communication
and coordination challenges faced to OSDO vendor organi-
zations. While the assessment part of the framework can be

utilized as an assessment tool for the assessment of OSDO
vendor organizations. The ranking part is demonstrated with
the help of empirical survey while the assessment part of
the framework is demonstrated by conducting case studies
in the OSDO organizations. Collectively, it can be used as
a decision support system.

To answer RQ4, the results show that our assessment
framework is easy to understand, easy to use and can
effectively judge the strengths and weakness of software
outsourcing communication and coordination processes.
Consequently, companies, organizations and enterprises can
make use of this framework in order to improve their
decision-making and take appropriative corrective actions as
suggested by the framework model to avoid any loss in the
form of resources and time.

Our proposed framework is currently implemented in the
form of a spreadsheet, which can process data received
through Google form.

In future, we plan to enhance the CCCMM in the form
of a software tool to improve its usability for OSDO ven-
dors. This tool will perform the following different activities
and will generate different assessment reports for the OSDO
vendors:
• Providing the results of assessment of each critical com-
munication and coordination challenges and also for
practices to address these challenges.

• Identifying status of the challenges i.e. weak and strong.
• Providing the mitigation level of the outsourcing
organization.

• This tool will also guide the OSDO practitioners in
successfully assessing the organization’s mitigation
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TABLE 14. Corresponding weights of the practices in empirical survey given by 42 experts.
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TABLE 14. (Continued.) Corresponding weights of the practices in empirical survey given by 42 experts.
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TABLE 14. (Continued.) Corresponding weights of the practices in empirical survey given by 42 experts.
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TABLE 14. (Continued.) Corresponding weights of the practices in empirical survey given by 42 experts.
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TABLE 14. (Continued.) Corresponding weights of the practices in empirical survey given by 42 experts.
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TABLE 14. (Continued.) Corresponding weights of the practices in empirical survey given by 42 experts.
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TABLE 14. (Continued.) Corresponding weights of the practices in empirical survey given by 42 experts.

level regarding communication and coordination
challenges.

• Creating different assessment reports.

APPENDIX A
(DOWNLOAD MEDIA ZIP FILE)
The complete judgment of survey experts and case study
evaluation in TFN format can be found in the attached
file. For weights of the practices of table 13 (Appendix-D),

see table 14 while for rating of Company-A, see
table 15.

APPENDIX B
RANKING OF THE PRACTICES
See Table 11.

APPENDIX C
RATING OF THE PRACTICES
See Table 12.
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TABLE 15. Corresponding weights of the practices in case study.
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TABLE 15. (Continued.) Corresponding weights of the practices in case study.

APPENDIX D
LIST OF PRACTICES
See Table 13.

ACKNOWLEDMENT
The authors would like to thank all members of Software
Engineering Research Group (SERG-UOM), participants of
the questionnaire survey and case studies.

REFERENCES
[1] S. Ali, H. Li, S. U. Khan, Y. Zhao, and L. Li, ‘‘Fuzzy multi attribute

assessment model for software outsourcing partnership formation,’’ IEEE
Access, vol. 6, pp. 55431–55461, 2018.

[2] A. A. Khan, J. W. Keung, F. E-Amin, and M. Abdullah-Al-Wadud,
‘‘SPIIMM: Toward a model for software process improvement implemen-
tation and management in global software development,’’ IEEE Access,
vol. 5, pp. 13720–13741, 2017.

[3] B. Shahzad, A.M. Abdullatif, N. Ikram, andA.Mashkoor, ‘‘Build software
or buy: A study on developing large scale software,’’ IEEE Access, vol. 5,
pp. 24262–24274, 2017.

[4] R. A. Khan and S. U. Khan, ‘‘Communication and coordination
challenges in offshore software development outsourcing relationship
from vendors’ perspective: Preliminary results,’’ Sci. Int., vol. 26,
pp. 1425–1429, Oct. 2014.

[5] R. Akbar and S. Safdar, ‘‘A short review of global software development
(GSD) and latest software development trends,’’ presented at the Int.
Conf. Comput., Commun., Control Technol. (I4CT), Kuching, Malaysia,
Apr. 2015.

[6] M. B. Julian, ‘‘Artefacts and agile method tailoring in large-scale off-
shore software development programmes,’’ Inf. Softw. Technol., vol. 75,
pp. 1–16, Jul. 2016.

[7] S. Sharma, P. Kaur, and U. Kaur, ‘‘Communication understandability
enhancement in GSD,’’ presented at the Int. Conf. Futuristic Trends Com-
put. Anal. Knowl. Manage. (ABLAZE), Noida, India, Feb. 2015.

[8] K. T. Klaris and E. Kate, ‘‘Out of sight but not out of mind?: Infor-
mal networks, communication and media use in global software teams,’’
in Proc. Conf. Center Adv. Stud. Collaborative Res. (CASCON), 2007,
pp. 86–97.

[9] J. D. Herbsleb and D. Moitra, ‘‘Global software development,’’ IEEE
Softw., vol. 18, no. 2, pp. 16–20, Mar. 2001.

[10] D. Avison and T. Gholamreza, ‘‘Outsourcing and offshoring information
system projects,’’ in Information Systems Project Management. Newbury
Park, CA, USA: Sage, 2009, p. 351.

[11] J. M. Verner, O. P. Brereton, B. A. Kitchenham, M. Turner, and M. Niazi,
‘‘Risks and risk mitigation in global software development: A tertiary
study,’’ Inf. Softw. Technol., vol. 56, pp. 54–78, Jan. 2014.

[12] A. Deak, T. Stålhane, and S. Guttorm, ‘‘Challenges and strategies for
motivating software testing personnel,’’ Inf. Softw. Technol., vol. 73,
pp. 1–15, May 2016.

[13] S. A. Kumar and A. K. Thangavelu, ‘‘Factors affecting the outcome of
global software development projects: An empirical study,’’ presented at
the Int. Conf. Comput. Commun. Inform. (ICCCI), Coimbatore, India,
Jan. 2013.

[14] A. Singh, A. Sachdeva, and S. Chakraverty, ‘‘A collaborative software
development model based on formal concept analysis and stable match-
ing,’’ presented at the Int. Conf. Inform., Electron. Vis. (ICIEV), Dhaka,
Bangladesh, May 2013, pp. 1–6.

[15] S. U. Khan and M. I. Azeem, ‘‘Intercultural challenges in offshore soft-
ware development outsourcing relationships: An exploratory study using a
systematic literature review,’’ IET Softw., vol. 8, pp. 161–173, Aug. 2014.

[16] A. U. Alam, S. U. Khan, and I. Ali, ‘‘Knowledge sharingmanagement risks
in outsourcing from various continents perspective: A systematic literature
review,’’ Int. J. Digit. Content Technol. Appl., vol. 6, pp. 27–33, Nov. 2012.

[17] S. Niskanen, ‘‘Outsourcing decision-making in mining industry,’’
M.S. thesis, Dept. Marketing, Univ. Oulo, Oulu Bus. School, Oulu,
Finland, 2013.

[18] R. Britto, V. Freitas, E. Mendes, and M. Usman, ‘‘Effort estimation in
global software development: A systematic literature review,’’ presented
at the IEEE 9th Int. Conf. Global Softw. Eng., Shangai, China, 2014.

[19] N. V. Oza, T. Hall, A. Rainer, and S. Grey, ‘‘Trust in software outsourcing
relationships: An empirical investigation of Indian software companies,’’
Inf. Softw. Technol., vol. 48, pp. 345–354, May 2006.

[20] M. Minevich and F.-J. Richter, ‘‘Global outsourcing report,’’ Going Global
Ventures, New York, NY, USA, Tech. Rep. Global Outsourcing Report
Version-3, 2005.

[21] H. Huang and E. M. Trauth, ‘‘Cultural influences and globally distributed
information systems development: Experiences from Chinese IT profes-
sionals,’’ in Proc. ACM SIGMIS CPR Conf. Comput. Personnel Doctoral
Consortium Res. Conf., Global Inf. Technol. Workforce, St. Louis, MO,
USA, 2007, pp. 35–45.

[22] S. U. Khan, M. Niazi, and R. Ahmad, ‘‘Empirical investigation of suc-
cess factors for offshore software development outsourcing vendors,’’ IET
Softw., vol. 6, no. 1, pp. 1–15, Feb. 2012.

[23] M. Niazi, S. Mahmood, M. Alshayeb, and A. Hroub, ‘‘Empirical inves-
tigation of the challenges of the existing tools used in global software
development projects,’’ IET Softw., vol. 9, no. 5, pp. 135–143, Oct. 2015.

[24] M. Bano, D. Zowghi, and N. Sarkissian, ‘‘Empirical study of communi-
cation structures and barriers in geographically distributed teams,’’ IET
Softw., vol. 10, no. 5, pp. 147–153, Oct. 2016.

[25] A. A. Khan and J. Keung, ‘‘Systematic review of success factors and bar-
riers for software process improvement in global software development,’’
IET Softw., vol. 10, no. 5, pp. 125–135, Oct. 2016.

[26] H. Hashimi, A. Hafez, and B. Mutaz, ‘‘A novel view of risk management
in software development life cycle,’’ presented at the Int. Symp. Pervasive
Syst., Algorithms Netw., Dec. 2012.

[27] S. U. Khan, M. Niazi, and R. Ahmad, ‘‘Barriers in the selection of offshore
software development outsourcing vendors: An exploratory study using a
systematic literature review,’’ Inf. Softw. Technol., vol. 53, pp. 693–706,
Jul. 2011.

[28] J. Miguel, M. Piattini, and A. Vizcaíno, ‘‘Challenges and improvements in
distributed software development: A systematic review,’’ Adv. Softw. Eng.,
vol. 2009, Mar. 2009, Art. no. 710971.

[29] M. Fabriek, M. van den Brand, S. Brinkkemper, F. Harmsen, and
R. Helms, ‘‘Reasons for success and failure in offshore software devel-
opment projects,’’ in Proc. ECIS. Utrecht, The Netherlands: Utrecht Univ.,
2007, pp. 1–12.

[30] B. A. Aubert, S. Rivard, and M. Templier, ‘‘Information technology and
distance-induced effort to manage offshore activities,’’ IEEE Trans. Eng.
Manag., vol. 58, no. 4, pp. 758–771, Nov. 2011.

112904 VOLUME 7, 2019



R. A. Khan et al.: Evaluation Framework for Communication and Coordination Processes in OSDO Relationship

[31] N. Mahmood, S. Mahmood, M. Alshayeb, M. R. Riaz, K. Faisal, and
N. Cerpa, ‘‘Challenges of project management in global software devel-
opment: Initial results,’’ presented at the Sci. Inf. Conf., London, U.K.,
2013.

[32] J. D. Herbsleb, ‘‘Global software engineering: The future of socio-
technical coordination,’’ in Proc. Future Softw. Eng. (FOSE), May 2007,
pp. 188–198.

[33] K. Amber. (2012). 5 Language Problems When Outsourcing To Multiple
BPO Firms. Accessed: Feb. 24, 2014. [Online]. Available: http://www.
business2community.com/marketing/5-language-problems-when-
outsourcing-to-multiple-bpo-firms-0250658#IEclGCUmzmeGXQjo.99

[34] E. Wende and T. Philip, ‘‘Instant messenger in offshore outsourced soft-
ware development projects: Experiences from a case study,’’ in Proc. 44th
Hawaii Int. Conf. Syst. Sci., Jan. 2011, pp. 1–10.

[35] K. Furumo, ‘‘The impact of conflict and conflict management style on
deadbeats and deserters in virtual teams,’’ in Proc. 41st Hawaii Int. Conf.
Syst. Sci., 2008, pp. 66–73.

[36] P. T. Nguyen,M.A. Baber, and J.M.Verner, ‘‘Trust in software outsourcing
relationships: An analysis of Vietnamese practitioners’ views,’’ presented
at the 10th Int. Conf. Eval. Assessment Softw. Eng. (EASE), Keele Univ.,
Keele, U.K., 2006, pp. 1–10.

[37] B. Al-Ani, M. J. Bietz, Y. Wang, E. Trainer, B. Koehne, S. Marczak,
D. Redmiles, and R. Prikladnicki, ‘‘Globally distributed system devel-
opers: Their trust expectations and processes,’’ in Proc. Conf. Comput.-
Supported Cooperation Work Social Comput., San Antonio, TX, USA,
2013, pp. 563–573.

[38] D. Šmite, C. Wohlin, A. Aurum, R. Jabangwe, and E. Numminen,
‘‘Offshore insourcing in software development: Structuring the decision-
making process,’’ J. Syst. Softw., vol. 86, pp. 1054–1067, Apr. 2013.

[39] T. Ebling, J. L. N. Audy, and R. Prikladnicki, ‘‘A systematic literature
review of requirements engineering in distributed software development
environments,’’ in Proc. 11th Int. Conf. Enterprise Inf. Syst. (ISAS), 2009,
pp. 363–366.

[40] L. Layman, L.Williams, D. Damian, andH. Bures, ‘‘Essential communica-
tion practices for extreme programming in a global software development
team,’’ Inf. Softw. Technol., vol. 48, no. 9, pp. 781–794, 2006.

[41] (2012). Accesed: Feb. 24, 2014. Disadvantages of Informal
Communication/Grapevine. [Online]. Available: http://bconsi.blogspot.
com/2012/11/disadvantages-of-informal-communication-grapevine.html

[42] D. Moitra, ‘‘India’s software industry,’’ IEEE Softw., vol. 18, no. 1,
pp. 77–80, Jan. 2001.

[43] S. Guo and H. Zhao, ‘‘Fuzzy best-worst multi-criteria decision-making
method and its applications,’’ Knowl.-Based Syst., vol. 121, pp. 23–31,
Apr. 2017.

[44] G. Li, G. Kou, C. Lin, L. Xu, and Y. Liao, ‘‘Multi-attribute decision making
with generalized fuzzy numbers,’’ J. Oper. Res. Soc., vol. 66, no. 11,
pp. 1793–1803, Nov. 2015.

[45] B. Kitchenham and S. Charters, ‘‘Guidelines for performing systematic
literature reviews in software engineering,’’ Keele Univ., Keele, U.K.,
Tech. Rep. EBSE-2007-01, 2007.

[46] R. A. Khan, S. U. Khan, and M. Niazi, ‘‘Communication and coordina-
tion challenges mitigation in offshore software development outsourcing
relationships: Findings from systematic literature review,’’ presented at the
10th Int. Conf. Softw. Eng. Adv. (ICSEA), Barcelona, Spain, 2015.

[47] R. A. Khan and S. U. Khan, ‘‘Communication and coordination challenges
in offshore software development outsourcing relationship from vendors
perspective: Preliminary results,’’ Sci. Int., vol. 26, no. 4, pp. 1425–1429,
2014.

[48] R. U. Khan, S. U. Khan, R. A. Khan, and S. Ali, ‘‘Motivators in Green
IT-outsourcing from vendor’s perspective: A systematic literature review,’’
Proc. Pakistan Acad. Sci., vol. 52, no. 4, pp. 343–357, Nov. 2015.

[49] R. U. Khan and S. U. Khan, ‘‘Communication and coordination challenges
in offshore software outsourcing relationships: A systematic literature
review protocol,’’ Gomal Univ. J. Res., vol. 30, no. 1, pp. 9–17, 2014.

[50] S. Ali and S. U. Khan, ‘‘Software outsourcing partnership model: An eval-
uation framework for vendor organizations,’’ J. Syst. Softw., vol. 117,
pp. 402–425, Jul. 2016.

[51] M. Gasparic and A. Janes, ‘‘What recommendation systems for software
engineering recommend: A systematic literature review,’’ J. Syst. Softw.,
vol. 113, pp. 101–113, Mar. 2016.

[52] D. Kumar, G. Baranwal, Z. Raza, and D. P. Vidyarthi, ‘‘A systematic
study of double auction mechanisms in cloud computing,’’ J. Syst. Softw.,
vol. 125, pp. 234–255, Mar. 2017.

[53] R. A. Khan and S. U. Khan, ‘‘A preliminary structure of software security
assurance model,’’ in Proc. 13th Conf. Global Softw. Eng., Gothenburg,
Sweden, May/Jun. 2018, pp. 137–140.

[54] R. A. Khan, S. U. Khan, and I. M. Yazid, ‘‘Systematic mapping study
protocol for secure software engineering,’’ inProc. Eur. Social Behavioural
Sci., 2019, pp. 367–374.

[55] J. W. Creswell, Research Design: Qualitative, Quantitative, and Mixed
Methods Approaches. Thousand Oaks, CA, USA: Sage, 2013.

[56] B. Kitchenham, L. Madeyski, D. Budgen, J. Keung, P. Brereton,
S. Charters, S. Gibbs, and A. Pohthong, ‘‘Robust statistical methods
for empirical software engineering,’’ Empirical Softw. Eng., vol. 22,
pp. 579–630, Apr. 2017.

[57] Y. I. Alzoubi, A. Q. Gill, and A. Al-Ani, ‘‘Empirical studies of geographi-
cally distributed agile development communication challenges: A system-
atic review,’’ Inf. Manage., vol. 53, pp. 22–37, Jan. 2016.

[58] M. K. Daskalantonakis, ‘‘Achieving higher SEI levels,’’ IEEE Softw.,
vol. 11, no. 4, pp. 17–24, Jul. 1994.

[59] D. Šmite, C. Wohlin, T. Gorschek, and R. Feldt, ‘‘Empirical evidence in
global software engineering: A systematic review,’’ Empirical Softw. Eng.,
vol. 15, no. 1, pp. 91–118, 2010.

[60] D. Cooper, P. Schindler, and J. K. Sharma, Business Research Methods,
7th ed. New York, NY, USA: McGraw-Hill, 2001.

[61] Capability Maturity Model Integration (CMMISM), Softw. Eng. Inst.,
Pittsburgh, PA, USA, 2002.

[62] M.Niazi, D.Wilson, andD. Zowghi, ‘‘A framework for assisting the design
of effective software process improvement implementation strategies,’’
J. Syst. Softw., vol. 78, pp. 204–222, Nov. 2005.

[63] S. U. Khan andM. Niazi, ‘‘A preliminary structure of software outsourcing
vendors’ readiness model,’’ in Proc. 11th Int. Conf. Product Focused
Softw. Develop. Process Improvement (Profes). Limerick, Ireland: Univ.
Limerick, Jun. 2010, pp. 76–79.

[64] Y.-J. Wang, ‘‘Applying FMCDM to evaluate financial performance of
domestic airlines in Taiwan,’’ Expert Syst. Appl., vol. 34, pp. 1837–1845,
Apr. 2008.

[65] A. K. Sangaiah and A. K. Thangavelu, ‘‘An exploration of FMCDM
approach for evaluating the outcome/success of GSD projects,’’ Central
Eur. J. Eng., vol. 3, pp. 419–435, Sep. 2013.

[66] M.-S. Kuo and G.-S. Liang, ‘‘A soft computing method of performance
evaluation with MCDM based on interval-valued fuzzy numbers,’’ Appl.
Soft Comput., vol. 12, pp. 476–485, Jan. 2012.

[67] K. Cox, M. Niazi, and J. Verner, ‘‘Empirical study of Sommerville and
Sawyer’s requirements engineering practices,’’ IET Softw. J., vol. 3, no. 5,
pp. 339–355, Oct. 2009.

[68] R. A. Khan and S. U. Khan, ‘‘A survey based study on communication
and coordination challenges in offshore software development outsourcing
relationships from vendors’ perspective,’’ presented at the 4th Int. Multi-
Topic Conf. (IMTIC), Mehran Univ., Jamshoro, Pakistan, 2015.

[69] S. Mahmood, ‘‘Empirical study of software component integration process
activities,’’ IET Softw., vol. 7, no. 2, pp. 65–75, Apr. 2013.

[70] R. A. Khan and S. U. Khan, ‘‘Empirical exploration of communication
and coordination practices in offshore software development outsourcing,’’
Proc. Pakistan Acad. Sci., A, Phys. Comput. Sci., vol. 54, pp. 41–57,
Jan. 2017.

RAFIQ AHMAD KHAN received the M.Phil.
degree in computer science with specialization
in software engineering from the University of
Malakand, Khyber Pakhtunkhwa, Pakistan, under
the research supervision of Dr. S. U. Khan, where
he is currently pursuing the Ph.D. degree, under
the supervision of the same supervisor. He has
authored a number of articles in well-reputed
international conferences and journals, includ-
ing ICGSE. His research interests include soft-

ware security, empirical software engineering, systematic literature review,
requirements engineering, green computing, software testing, agile software
development, and global software engineering.

VOLUME 7, 2019 112905



R. A. Khan et al.: Evaluation Framework for Communication and Coordination Processes in OSDO Relationship

MOHD YAZID IDRIS received the M.Sc. and
Ph.D. degrees in software engineering and infor-
mation security, in 1998 and 2008, respectively.
He is currently an Associate Professor with Uni-
versiti Teknologi Malaysia. His research interest
include software design, secure software, cloud
computing, and the Internet of Things (IoT).

SIFFAT ULLAH KHAN received the Ph.D. degree
in computer science from Keele University, U.K.,
in 2011. He was the Head of the Department of
Software Engineering, University of Malakand,
Pakistan, for three years, where he was also the
Chairman of the Department of Computer Science
and IT and is currently an Associate Professor
in computer science. He is also the Founder and
the Leader of the Software Engineering Research
Group, University of Malakand. He has success-

fully supervised 10 M.Phil. and four Ph.D. scholars. He has authored over
100 articles, so far, in well-reputed international conferences and jour-
nals. His research interests include software outsourcing, empirical soft-
ware engineering, agile software development, systematic literature review,
software metrics, cloud computing, requirements engineering, and green
computing/IT. He received the Gold Medal (Dr. M. N. Azam Prize 2015)
from the Pakistan Academy of Sciences in recognition of his research
achievements in the field of computer (software).

MUHAMMAD ILYAS received the Ph.D. degree
in computer science from the University of
Malakand, Pakistan, where he is currently an
Assistant Professor with the Computer Sci-
ence and IT Department. His research interests
include software outsourcing, empirical software
engineering, systematic literature review, cloud
computing, requirements engineering, and green
computing/IT.

SIKANDAR ALI was born in Swat, Pakistan,
in 1985. He received theM.Phil. degree in software
engineering from the University of Malakand,
Lower Dir, Pakistan, under the research super-
vision of Dr. S. U. Khan, and the Ph.D. degree
in computer science (software engineering) from
the China University of Petroleum, Beijing, under
the supervision of Prof. Dr. L. Hongqi. He has
published a number of articles in well-reputed
international conferences and journals, including

ICGSE, IMTIC, the Journal of Computer, IEEE ACCESS, the Journal of
Intelligent and Fuzzy Systems, and the Journal of Systems and Software.
His research interests include software outsourcing partnership, empirical
software engineering, systematic literature review, requirements engineer-
ing, green computing, software testing and test automation, agile software
development, and global software engineering.

AZIZ UD DIN received the Ph.D. degree in com-
puter science from UNIMAS, Malaysia, in 2017.
He is currently an Assistant Professor with
the Shaikh Zayed Islamic Centre, University of
Peshawar. His research interests include artificial
intelligence, machine translation, and empirical
software engineering.

GHULAM MURTAZA received the M.S. degree
from International Islamic University, Islamabad,
Pakistan. He is currently a Lecturer with the
Department of Computer Science, Shaheed
Benazir Bhutto University, Sheringal, Pakistan.
His research interests include empirical software
engineering, systematic literature review, deep
learning, cloud computing, requirements engineer-
ing, and green computing/IT.

ABDUL WAHID KHAN received the Ph.D.
degree in computer science with a specialization
in software engineering from the University of
Malakand, in 2015, under the research supervision
of Dr. S. U. Khan. He is currently an Assistant Pro-
fessor with the Department of Computer Science,
University of Science and Technology Bannu,
Pakistan. His research interests include global soft-
ware engineering, empirical software engineering,
green and cloud computing, systematic reviews,
and software outsourcing.

SAEED ULLAH JAN received the M.Phil. degree
in network security from the University of
Malakand, Pakistan, in 2016, where he is currently
pursuing the Ph.D. degree with the Department of
Computer Science and IT.

He is currently a Lecturer in computer sci-
ence with the Higher Education, Achieves and
Libraries Department, Government of Khyber
Pakhtunkhwa, Pakistan. He is also a Coordinator
for 09 BS Disciplines with the Government Col-

lege Wari, Dir Upper. He has conducted research in many areas, including
green computing, distributed computing, privacy-preserving parallel com-
putation, and drone security and authentication. He has published over ten
research articles in prestigious conferences and journals and written an
introductory book in computer science for beginners. The Government of
Khyber Pakhtunkhwa, Pakistan, awarded him the Best Teacher Award for the
year 2019–2020 out of 9000 college teachers in 245 public sector colleges in
the province.

112906 VOLUME 7, 2019


