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ABSTRACT Global Software Development (GSD) is widely used by software development organizations to
ensure the development of a cost-effective software product. GSD has now become a common engineering
practice adopted by a significant number of multinational software development organizations, and even
individuals (freelancers) are seeking numerous benefits including low development cost, highly skilled
workers, and access to better development ideas. However, communication and coordination challenges
remain a prominent research issue in the GSD context, while performing different project-related activities
especially for Requirements Change Management (RCM). As a result, improper communication and
coordination during RCM require additional time, cost, and development resources. Thus, it is of vital
importance to ensure proper communication and coordination before initiating a software project. Inspired
by this, current work aims at exploring and mitigating the communication and coordination challenges
during RCM in the GSD context. To accomplish the targeted research objective, we performed a tertiary
study to provide a landscape of the challenges that occurred during RCM in the context of GSD. Based on
the performed study, we found 62 communication and 14 coordination challenges. In total, 107 mitigation
strategies are explored and reported that effectively address the categorized sub-challenges of communication
and coordination. Moreover, we proposed a conceptual model useful to address the communication and
coordination challenges for the RCM process in GSD. Furthermore, we consulted the domain experts for
the validation of the proposed conceptual model. Based on the promising results, we believe that this work
supports the projectmanagers inmanaging the cost and time-related issues in theGSD context. Consequently,
the proposed conceptual model would help in optimally utilizing the scared software development resources.

INDEX TERMS Global software development, requirements change management, communication and
coordination challenges, mitigation strategy, tertiary study.

I. INTRODUCTION
Global Software Development (GSD) is regarded as a com-
mon engineering practice to develop a cost-effective software
product. This is due to the fact that GSD offers several
benefits to the software development organizations including
access to the new markets and technologies, skilled software
developers, better relationships with the development orga-
nizations (and individuals), low software development cost,
and access to the large and diverse human resources [1]–[3].
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Moreover, GSD provides a significant reduction in the devel-
opment time; thereby, attracting the software development
organizations to outsource a software product [4]. Similarly,
some other key benefits of GSD are presented in Figure 1 [5].

Note that many Eastern European and Asian countries
(i.e. India, China, and Pakistan) are actively contributing to
the GSD domain [6], [7]. However, software development
organizations have to face several challenges, including tem-
poral distance, geographical distance, and socio-cultural dif-
ferences, while working in the GSD environment [8]–[12].
To effectively handle the above-mentioned challenges, it is
required to maintain a proper coordination mechanism for
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FIGURE 1. Key benefits of GSD.

sharing the knowledge at multiple geographically distributed
software development locations [13]–[15].

In contrast, software requirement changes are inevitable.
The main reasons for requirement’s evolutions are (i) mod-
ification in the current software products, (ii) emergence
of new technologies, (iii) eliminating the duplicate require-
ments, (iv) gaining the competitive edge in the markets, and
(v) handling the user’s expectations [16]–[18]. Consequently,
Requirements Change Management (RCM) becomes a chal-
lenging and resource-consuming activity, especially when
requested multiple times in the context of GSD [19].
Additionally, due to the massive number of requirements’
changes, the development organizations conduct the RCM
process in an imprecise manner; thereby, significantly
increasing the required amount of development cost, time,
and human effort [20]–[22]. On the other hand, poor com-
munication and coordination among the stakeholders can

negatively impact the RCM process in GSD [23], [24]. Note
that poor communicationmainly occurs because of inefficient
knowledge sharing, geographical distance, socio-cultural dif-
ferences, and temporal distances [22], [25]–[28]. As a result,
development organizations need to properly manage the com-
munication, coordination, and controlling mechanisms dur-
ing the RCM process.

In other words, it is required that different stakeholders
at multiple sites must be updated with timely feedback [26].
To perform an effective RCM process, the development orga-
nization needs to adopt a robust RCM model supporting the
communication and coordination challenges [19], [27], [29].
Note that the need for effectively managing the communi-
cation and coordination issues significantly increases espe-
cially in the context of GSD [30]–[35]. Figure 2 provides an
overview of the RCM process performed in the GSD context.

Suppose, the client initiates a requirement change request
to a project manager at location 1 (Figure 2). Next,
the requirement change request is transferred to the Change
Control Board (CCB) for its approval or rejection. In the case
of rejection, no change is further transferred. In contrast, if the
requirements change request is approved, the new require-
ments are then transferred to the corresponding multiple
software development locations (i.e. locations 2, 3, 4, and 5 in
this scenario) for implementation purposes (Figure 2).

This research aims at achieving the following research
objectives:

RO1: To identify the communication and coordination chal-
lenges during RCM in GSD.

RO2: To explore the mitigation practices to reduce the iden-
tified communication and coordination challenges.

FIGURE 2. High-level view of RCM process in GSD.
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RO2.1: To provide a mapping between the mitigation
practices and the corresponding communication
and coordination challenges.

RO3: To propose a conceptual model to effectively handle
the communication and coordination challenges dur-
ing RCM in the GSD context.

The remaining sections of this paper are organized as
follows: Section II provides the research motivation, while
Section III discusses the related work. In contrast, Section IV
provides details about the adapted research methodology.
Moreover, Section V describes the results and findings, while
the proposed conceptual model is presented in Section VI.
Furthermore, Section VII provides the validity threats, and
research implications are outlined in Section VIII. Finally,
Section IX presents the conclusion and future work.

II. RESEARCH MOTIVATION
As previously discussed, communication, coordination, and
control are essential components in RCM and implementa-
tion process, especially when outsourcing a software prod-
uct [36]–[38]. Thus, it is of vital importance to select the
most viable methods, tools, and technology to effectively
implement the RCM process in GSD [30]–[32], [39], [40].

In the literature, several challenges related to com-
munication and coordination in GSD context have been
reported in the studies [15], [26], [30]–[32], [36], [37], [40].
However, these studies lack in providing a comprehensive
set of communication and coordination challenges during the
RCM process. Furthermore, few studies [31], [36] focused
on discussing the generic communication challenges only
and the respectivemitigation practices. However, the reported
studies lack in addressing the coordination challenges. In con-
trast, some studies [41], [42] highlighted the coordination
challenges; but overlooked the communication challenges
during RCM in GSD.

To the best of our knowledge, no reported study has pro-
vided a comprehensive set of communication and coordi-
nation challenges as well as the corresponding mitigation
strategy during RCM in GSD. Motivated by this, the current
study focused on collectively addressing the communica-
tion and coordination challenges. Moreover, we categorized
the existing communication challenges into different classes.
Furthermore, we identified the best mitigation practices and
mapped to each of the corresponding communication and
coordination challenges. Finally, we proposed a conceptual
model useful to mitigate the communication and coordination
challenges during RCM in the GSD context.

III. RELATED WORK
This section provides the related work to the targeted research
context. Demirel et al. [18] highlighted multiple challenges
that negatively impact the effective requirements collection
and management process. There were multiple challenges
highlighted that are associatedwith the software requirements
including (i) Ambiguous requirements, (ii) Poor requirements

definition, (iii) Requirements prioritization, (iv) Require-
ments changes, (v) Requirements traceability, (vi) Technical
solutions, (vii) Requirements verification and validation, and
(viii) Project management.

Kamal et al. [43] reported 21 success factors in agile RCM
in GSD. The authors reported that human resource manage-
ment is an important factor that affects communication and
coordination in GSD. In contrast, Nicolás et al. [44] identified
25 challenges faced during requirement engineering in GSD.
The authors presented the mitigation practices to avoid the
explored challenges. However, they lack in focusing on the
coordination challenges.

Khan [35] identified three major challenges including
geographical, socioeconomic, and temporal distance. More-
over, the author also reported the relevant sub-challenges.
However, their proposed framework lacks in fully supporting
the coordination challenges.

Umair et al. [45] reported the generic barriers that occur
during RCM in GSD. The authors highlighted the most
commonly observed RCM challenges. However, they lack in
devising a framework useful to handle the challenges men-
tioned in the RCM process.

Akbar et al. [46] mentioned ten commonly faced chal-
lenges during the RCM process in GSD. Moreover, the
authors proposed a model called as Software Requirements
Change Management and Implementation Maturity Model
(SRCMIMM). However, their study lacks in providing com-
munication and coordination challenges.

Anwer et al. [47] identified the in-house development
and offshore development challenges during RCM. They
further differentiated the challenges based on their impact
on the project development and categorized them using the
T-test, Chi-square test, and regression analysis. However,
the authors identified the generic challenges faced during
RCM in GSD. Additionally, they lack in proposing any
framework, which is beneficial in handling the mentioned
challenges.

Bhatti and Ahsan [48] identified 29 communication chal-
lenges, and further categorized them into five major cate-
gories: (i) appropriate tools and technology, (ii) availability
of the required information, (iii) the commitment of stake-
holders, (iv) the correlation among the stakeholders, and
(v) cultural impact.

Akbar et al. [49] identified the key factors that negatively
impact the RCM process in GSD. The authors also pro-
posed a framework capable of assigning the weights to the
identified factors grounded on their impact on the targeted
project. However, the proposed framework lack in specif-
ically addressing the coordination challenges during RCM
in GSD.

Akbar et al. [50] identified 30 most commonly faced chal-
lenges, where 11 challenges are related to the communication
and coordination categories. The authors subdivided the iden-
tified challenges into six major sub-categories. However, they
lack in providing the mitigation strategies for the identified
challenges.
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Akbar [51] highlighted 23 most important success factors
for the RCM process in GSD. The proposed framework con-
sists of six different categories to support the implementation
of the RCM process. The study mainly focused on the RCM
process. But, it lacks in addressing all of the communica-
tion and coordination challenges during RCM in the GSD
context.

Later, Akbar et al. [52] reported 25 major organiza-
tional challenges. The authors presented a framework with
the underlying objective of effectively handling the orga-
nizational challenges. However, the proposed framework
lacks in handling the communication and coordination
challenges.

Khan and Khan [53] identified and categorized various
communication and coordination challenges in offshore soft-
ware development. The authors proposed a framework to
understand the initial requirements related to a project using a
semiformal UMLdiagram. However, their study only focused
on addressing the generic challenges in GSD rather than
addressing the communication and coordination challenges
in the targeted research context.

Nurdiani et al. [54] identified 48 major challenges and
categorized them into three major groups: (i) communica-
tion, (ii) coordination, and (iii) control. The authors also
reported 42 best mitigation practices to mitigate the com-
munication, coordination, and control challenges. However,
their work lacks in covering remaining communication and
coordination challenges especially during RCM in the GSD
context.

Babar and Lescher [55] reported major categories of GSD
challenges including geographical sites, target or context
systems for requirements, IT organization infrastructure, and
employees with different skill sets, languages, and domain
experience. Furthermore, the authors mentioned the 10 best
practices to handle the communication challenges in GSD
projects.

Shameem et al. [56] reported 11 major human-based chal-
lenges that negatively impact the RCM process in the GSD
environment. Although, the authors proposed a hypotheti-
cal model to show the negative impact of human-dependent
issues or challenges while managing the requirements change
process. However, their proposed model lacks in handling the
communication and coordination challenges in the context of
GSD.

From the discussed related work, it can be concluded that
the current state-of-the-art lacks in reporting an extensive set
of communication and coordination challenges during RCM
in GSD. Moreover, the reported work lacks in proposing a
conceptual model that suggested the most suitable mitiga-
tion practices against the communication and coordination
challenges.

IV. RESEARCH METHODOLOGY
To extensively investigate the communication and coor-
dination challenges, we performed a tertiary study. As a
result, it helps in providing a landscape of the mentioned

communication and coordination challenges along with the
best mitigation strategies during RCM in the GSD context.

Figure 3 describes the adopted research methodology.

FIGURE 3. The adopted research methodology.

The methodology contains five main steps (Figure 3).
In step 1, the relevant SLR and mapping studies were identi-
fied, analyzed, and the problem statement was formulated.
Next, in step 2, the data was extracted from the selected
studies focusing on the targeted research objectives along
with their limitations. Note that the search flow of the selected
studies is described in Figure 5, while Figure 6 represents the
PRISMA flow diagram about the selection of final studies.

In step 3, the communication and coordination challenges
were identified and categorized into major classes as sub-
challenges. Then, in step 4, the mitigation practices were
assigned to the found challenges based on the expert’s feed-
back and suggestions. To achieve this, we conducted three
meetings with the participating experts (Table 1). In total,
18 person-hours were taken to collect and analyze the
expert’s feedback. Finally, in step 5, a conceptual model was
proposed to mitigate communication and coordination chal-
lenges during RCM in GSD (Figure 9). In addition, we fol-
lowed Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [57], [58] to conduct
the literature review process.

Table 1 represents the summarized information regard-
ing the domain experts. Note that two experts have partici-
pated from Pakistan, while oneMalaysian domain expert was
consulted.
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TABLE 1. The details about the consulted domain experts.

Figure 4 depicts the main phases of the performed tertiary
study. It includes three main phases: (i) planning the review,
(ii) conducting the review, and (iii) reporting the review
results.

FIGURE 4. The main phases of the conducted tertiary study.

A. PLANNING THE TERTIARY STUDY
The planning phase is the first and critical phase of a tertiary
study, which helps in deciding about different review-related
steps. The main phases are: (i) research questions, (ii) search
strategy, (iii) data repositories, (iv) search string, (v) quality
assessment criteria, (vi) inclusion criteria, (vii) exclusion
criteria, and (viii) data extraction from the selected studies.
The following sections provide the details regarding the main
steps of the planning phase of the conducted study.

1) RESEARCH QUESTIONS (RQs)
This section formulates the research questions. Based on the
targeted research objective(s), we have devised the following
Research Questions (RQs):
RQ1: What are the communication challenges reported in

the previously conducted SLR studies?
RQ1.1: What are the major categories of communication

challenges faced during the RCM process in the
GSD context?

RQ1.2: What are the best possible mitigation practices for
the identified communication challenges?

RQ2: What are the coordination challenges mentioned in
the existing SLR studies?

RQ2.1: What are the best possible mitigation practices for
coordination challenges?

B. SEARCH STRATEGY
To find the most relevant studies, we followed a search
methodology containing four main steps described as
follows:
(i) First of all, the main search terms (keywords) were

identified from the targeted problem domain including
research objectives and questions.

(ii) Next, we identified the alternative words (i.e. synony-
mous) to the search terms to further enhance the rele-
vant studies selection process.

(iii) After that, we integrated the search words using the
Boolean operators (i.e. OR, AND) to complete the
search string.

(iv) Finally, we customized the search string according to
the searching criteria of the selected data repositories
to find the potential studies.

1) SELECTED DATA REPOSITORIES
In this work, we used the following four online data reposi-
tories to find the potential SLR studies:
(i) IEEE Xplore
(ii) ACM
(iii) Wiley Online
(iv) Science Direct

2) SEARCH STRING
Based on the above-mentioned search strategy, we formulated
the following search string:

((‘‘Communication’’ OR ‘‘Coordination’’) AND
(‘‘Issues’’ OR ‘‘Challenges’’ OR ‘‘Barriers’’ OR
‘‘Problems’’ OR ‘‘Risks’’) AND (‘‘Solutions’’ OR
‘‘Mitigation Practices’’ OR ‘‘Improvements’’ OR
‘‘Mitigation Strategies’’ OR ‘‘Enhancement’’) IN
(‘‘Requirement Change Management’’ OR ‘‘RCM’’
OR ‘‘Requirements Changes’’ OR ‘‘Requirements
Modification’’) AND (‘‘Global Software Develop-
ment’’ OR ‘‘GSD’’ OR ‘‘Distributed Software Devel-
opment’’ OR ‘‘DSD’’))

Note that the devised search string was manually tailored
and applied to the selected online data repositories to find
the potential SLR studies. After executing the search query,
we found 1,173 potential studies. Furthermore, Figure 5
presents the flow diagram about the identification and selec-
tion of relevant studies based on the executed search query.

3) QUALITY ASSESSMENT CRITERIA
This section discusses the devised Quality Assessment Crite-
ria (QAC) that helped in finally selecting from the potential
SLR studies. Table 2 represents the devised QAC questions.
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TABLE 2. The formulated quality assessment criteria.

FIGURE 5. Search flow for the selection of SLR studies.

Note that the selected SLR studies were assessed grounded
on the following weightage according to their relevancy as:
‘‘Yes=1’’, ‘‘Partially=0.5’’, or ‘‘No=0’’.

4) INCLUSION CRITERIA
The inclusion criteria for the selection of potential SLR stud-
ies are mentioned as follows:

IC1: The study must be written in the English language.
IC2: The study must be published in a conference or journal

paper or a technical report.
IC3: The study must be relevant to the GSD domain.
IC4: The study must be a mapping study or SLR study

related to RCM challenges in the GSD context.
IC5: The study must be published between the years

2009 to 2021.
IC6: The study must be focusing mainly on the challenges,

findings, and outcomes during RCM in GSD.

5) EXCLUSION CRITERIA
Similarly, we defined the following exclusion criteria to
exclude the irrelevant studies:
EC1: The studies that lack in focusing on the challenges

during the RCM in GSD were excluded.
EC2: The general literature surveys since they lack in

describing any systematic research methodology.
EC3: The studies published before the year 2009.
EC4: The grey literature, including personal experiences

of the researchers, blogs, websites, and videos, were
excluded.

EC5: The short papers were excluded since they lack in
providing the details about the obtained results.

EC6: The studies that only discussed the process of con-
ducting a systematic review, tertiary study, or mapping
study were excluded.

6) DATA EXTRACTION
In this step of the planning phase, the required data is
extracted from the selected SLR studies for the devised RQs.
The following data was extracted from every selected SLR
studies:
• Title of paper.
• Type of study, which includes SLR study, mapping
study, generic information, and metadata analysis.

• The main topic of the conducted research.
• The number of primary studies included in the selected
study.

• Findings on the communication and coordination
challenges or solutions.

C. CONDUCTING THE REVIEW
This section discusses the second phase of the conducted
tertiary study (i.e. conducting the review) that focused on
performing the review based on the steps as described in the
planning phase (Figure 4). This phase includes three main
steps: (i) execution, (ii) study selection, and (iii) data synthe-
sis. The subsequent sections provide the details regarding the
core steps of conducting the review phase.

1) EXECUTION PHASE
This section provides the execution process of the devised
search string. As previously discussed in the planning phase,
the main search string is tailored according to the selected
data repositories to find the most relevant studies. In this
work, we considered several well-known data repositories
including ACM, IEEE Xplore, Wiley Online, and Science
Direct. Next, the search string was executed on the selected
data repositories.

Table 3 represents the number of initially selected SLR
studies. For example, 129 SLR studies were initially selected
from IEEE Xplore (Table 3).

Figure 6 presents the PRISMA flow diagram where
1,173 multiple studies were identified from the literature.
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TABLE 3. Data repositories with corresponding number of selected
studies.

The identified studies were filtered in multiple phases to
identify the most relevant SLR studies from the literature.
The guidelines that were followed for the PRISMA method-
ology are mentioned in the study [57], [59]. Furthermore,
Figure 6 represents the number of identified studies and
statistics of the number of included and excluded research
articles. Based on the adapted PRISMA guidelines and steps,
the final SLR studies were selected. The following steps were
performed based on the followed PRISMA guidelines:
(i) After the execution of the search query, 129 studies

were discovered in IEEE Xplore, 941 studies in ACM,
15 studies in Science direct, and 21 studies in Wiley
online.

(ii) After the removal of duplicate studies, 1106 studies
were selected.

(iii) Based on the screening of publication year
(2009-2021), 836 studies were selected.

(iv) Based on the full-text analysis, 257 studies were
discovered.

(v) Based on relevancy to RCM and GSD context, 39 stud-
ies were discovered.

(vi) In the final step, 27 studies were selected and synthe-
sized from the conducted literature review in this work.

2) STUDIES SELECTION
In this phase, first of all, we manually removed the duplicate
studies found from the considered data repositories. Note that
a study is regarded as a duplicate study if it is published in at
least two data repositories. As a result, we found 1,106 studies
for further data analysis (Table 3). Next, the inclusion and
exclusion criteria were performed on the identified stud-
ies. Note that some of the initially selected studies were
neither a systematic review or nor a mapping study. After
that, we performed a detailed review process for selecting
the final studies. For this purpose, we analyzed the study’s
titles, abstracts, introduction, conclusion, and results. Finally,
we selected 27 studies (Table 3).

Note that the selected studies are mainly the SLRs per-
formed in the targeted research context. As a result, it would
help in providing the landscape of the RCM process in the
GSD context.

3) DATA SYNTHESIS
To extract the data from the selected studies, we designed a
CSV file. Moreover, a pre-designed Word form was used to

FIGURE 6. PRISMA flow diagram for the selection of final studies.

record the data about the targeted communication and coor-
dination challenges, mitigation practices, and support level.
Moreover, it shows the number of studies, which highlight
a specific challenge and mitigation practice(s) in the targeted
research context. After a detailed analysis of the 27 SLR stud-
ies, the following information was extracted and synthesized:

• The publication year of a study.
• The research methodology used by the author(s).
• The RCM challenges and issues faced during the off-
shore software development.

• The reported mitigation practice(s) to handle the com-
munication and coordination challenges during RCM in
the GSD context.

• The limitations in the reported conceptual frame-
work or conceptual model.

D. REPORTING THE REVIEW
This section presents the selected SLR studies, which were
evaluated against the formulated quality assessment criteria.
Appendix A (Table 13) represents the information regard-
ing the selected SLR studies. It includes the information
attributes for each of the selected study including publication
year, the number of primary studies, quality assessment score,
thematic analysis, brief information, and the main limitations
in the existing literature.

1) QUALITY ATTRIBUTES
We assessed the quality of each of the selected SLR studies
based on the quality assurance criteria defined in Table 3.
Note that we usedweightage criteria (containing three values)
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to select the potential studies. Appendix A (Table 13) shows
the attained quality assessment criteria-based score of the
selected SLR studies.

2) TEMPORAL DISTRIBUTION OF THE SELECTED STUDIES
Figure 7 shows the temporal distribution of the selected
studies. It can be observed (from Figure 7) that relevant
studies have been published during two time periods: (i)
from the years 2009 to 2015, and (ii) from the years 2017 to
2021. Noticeably, the majority of selected studies were pub-
lished in the year 2019 (i.e. eight SLR studies). However,
no SLR study was published in the year 2016. In study
S2 (Table 13), the authors defined six major categories and
classified the reported challenges into sub-categories. Also,
they mapped the most suitable solution(s) to the correspond-
ing communication and/or coordination challenge. More-
over, the other selected SLR studies have discussed geo-
graphical, temporal, and cultural challenges. Additionally,
the selected studies also mentioned the respective best pos-
sible mitigation practices for each of the above-mentioned
challenges.

Tables 4 to 12 represent various communication challenges
(i.e. geographical distance, temporal distance, socio-cultural
distance, tools and technology differences, improper team
formation, client-related challenges, software development
organization and architecture, and miscellaneous challenges)
and coordination challenge, and their corresponding most
suitable mitigation practices. From the targeted research
viewpoint, we have reported the mitigation practices useful
to resolve the communication and coordination challenges
during RCM in the GSD context. For this purpose, we con-
sulted and discussed with the three-domain experts. The main
underlying objective was to assign the best mitigation prac-
tice to each of the identified communication and coordina-
tion sub-challenges. Furthermore, we discussed the assigned
practices to a specific sub-challenge in SREG (Software Reli-
ability Engineering Group) at CUI to enhance the validity of
each mitigation practice assigned to the relevant challenge
(mentioned in Tables 4 to 12).

V. RESULTS AND FINDINGS
This section presents the key results and findings regarding
the devised research questions. Appendix A (Table 13) pro-
vides the information about the selected SLR studies. Among
the 27 selected SLR studies, 19 studies were published in
peer-reviewed journals, while 8 studies were published in
different conferences. From the comprehensive analysis of
the selected studies, it is revealed that no study had explic-
itly mentioned the existing communication and coordina-
tion challenges, which occurred during RCM in the GSD
context. Although, only one study, S23 (Table 13) focused
on generic communication and coordination challenges.
However, it lacks in mentioning the coordination issues.
Based on the detailed analysis of the selected studies, there
is a demand for an effective and robust conceptual model
effective to handle the communication and coordination
challenges.
RQ1 (What Are the Communication Challenges Reported

in the Previously Conducted SLR Studies?): From the con-
ducted tertiary study, we identified possible communication-
related challenges faced by a project manager during RCM in
the GSD context. The communication challenges are further
categorized into sub-challenges based on the relevant type
of challenge. The frequency analysis of each challenge and
the relevant mitigation strategy represents the number of
analyzed SLR studies that focused on a single communica-
tion and coordination challenge. Finally, the importance of
each challenge is calculated in terms of the percentage from
27 selected SLR studies.
RQ1.1 (What Are the Major Categories of Communi-

cation Challenges Faced During the RCM Process in the
GSD Context?): In study S13 (Appendix A), seven major
categories of communication challenges were mentioned.
However, the mentioned challenges lack in mapping the
corresponding mitigation practices and a conceptual model.
Furthermore, based on the expert’s feedback and reviews,
we categorized the major communication challenges into
different sub-challenges. Moreover, we have conducted an
SREG meeting to gather more reviews/feedback about the
categorization of sub-challenges from the senior members.

FIGURE 7. Temporal distribution of the selected studies.
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Finally, we identified eight major categories of communi-
cation challenges. Table 11 represents some miscellaneous
challenges that are frequently faced during the RCM process
in the context of GSD.
RQ1.2 (What Are the Best Possible Mitigation Practices

for the Identified Communication Challenges?): Tables 4
to 11 presents various communication challenges, sub-
challenges, and the corresponding most suitable mitigation
practices identified from the conducted study. Moreover, the

importance of the sub-challenges and the corresponding mit-
igation practices is highlighted by performing the frequency
analysis of the selected SLR studies. Note that the support
level represents the level of occurrences of possible chal-
lenges and the relevant solution for the selected studies. Based
on the expert’s feedback and suggestions, the best mitigation
practices effective in handling the communication challenges
were assigned to each sub-challenge (Tables 4 to 11). In this
work, we identified multiple mitigation practices for each

TABLE 4. Geographical distance-based sub-challenges and corresponding mitigation practices.
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sub-challenge. Consequently, it helped in reducing the impact
of each of the identified sub-challenge of the communication
challenges category.

From Table 4, it is can be observed that trust issues are
highly caused by geographical distance. This is due to the
observation that the majority of selected studies (62.96%)
highlight this sub-challenge of graphical distance. To han-
dle this sub-challenge, the majority of the studies (44.44%)
suggested knowledge sharing as a key mitigation practice.
In contrast, inadequate transfer of information is found to
be the second major sub-challenge (51.85%) of geographical

distance (Table 4). Hence, reducing the geographical
distance-related sub-challenges can play a major role in trust-
building and transferring up-to-date information to all of the
stakeholders located at multiple geographical locations.

From Table 5, it is found that the diversity in time zones
of globally dispersed countries caused challenges related to
communication among different development team mem-
bers at different locations. Interestingly, 44.44% of studies
highlighted that the diversity in time zones and time-delayed
responses are the main sub-challenges of temporal distance
challenge. Furthermore, it is observed that lack of proper

TABLE 5. Temporal distance based-sub-challenges and corresponding mitigation practices.
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synchronous communication highly impacts (40.74%) the
work progress during the RCM process.

From Table 6, it can be concluded that the cultures of
different countries also play an important role in under-
standing the need for requirements change. Thus, socio-
cultural distance challenge can be reduced effectively via

good communication and coordination practices as reported
by 55.55% of the studies. Besides, the proper use and under-
standing of foreign languages are also important as reported
by 44.44% of studies. Consequently, it would help in enhanc-
ing the mutual understanding among the globally dispersed
stakeholders

TABLE 6. Socio-cultural distance-based sub-challenges and corresponding mitigation practices.
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From Table 7, it is found that the initial decision regarding
communication technology plays a crucial role during the
RCM in GSD. Generally speaking, proper communication is
the backbone of outsourcing any software product. The tools
and techniques used during the RCMmust be clearly defined
before the implementation of new requirements change.
Certainly, improper tools and technology usage could lead to
software failure. This issue is supported by 33.33% of studies.
On the other hand, these improper decisions also cause a lack
of technical bounding among team members (33.33%).
From Table 8, it is concluded that the selection of a proper

and well-experienced software development team plays an
important role in managing the requirements change, espe-
cially when managing the complex requirements changes.
The major sub-challenge caused by the inexperienced team
members is lack of knowledge transfer (62.96%) about the
RCM. As a result, it would lead to the development of an
undesired software product. Also, it is necessary to maintain

the proper coordination among the team members during
requirements change as highlighted by 51.85% of the selected
studies.

From Table 9, it can be observed that proper and timely
involvement of all stakeholders is very important while nego-
tiating on the new requirements, especially to avoid the future
rework effort. Due to improper communication, some client’s
requirements are misunderstood or lacks in properly man-
aging during the RCM process. The lack of clear under-
standing of the client’s requirements and missing feedback
to clients about change implementation are found as major
sub-challenges (37.03%) faced in GSD.

From Table 10, it can be concluded that the infrastructure,
architecture, and overall work environment of the software
development organization are very important during the RCM
process in the GSD context. Managerial support is highly
important (59.25%) to perform the RCM process at different
software development sites. To handle this sub-challenge,

TABLE 7. Tools and technology differences-based sub-challenges and corresponding mitigation practices.
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the majority of the studies (22.22%) recommended choosing
the best available person and teams as the key mitigation
practice.

Similarly, change control management is also crucial
(40.74%) while managing the new changes in the require-
ments. To overcome the impact of the change control

TABLE 8. Improper team formation-based sub-challenges and corresponding mitigation practices.
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management sub-challenge, the only mitigation strategy sug-
gested by 14.81% of studies is to use version control reposi-
tories or databases.

From Table 11, it can be concluded that unclear require-
ment’s understanding remains a major miscellaneous chal-
lenge caused by improper communication. Consequently,
it causes new changes to the already implemented require-
ments. Moreover, it also affects the requirements change pro-
cess as reported by 37.03% of studies. Moreover, inadequate
change impact analysis after implementing the new require-
ments is also caused by the mismanaged communication
(22.22%) at distributed development locations.
RQ2 (What Are the Coordination Challenges Mentioned

in the Existing SLR Studies?): From a detailed analysis of
the selected SLR studies, we found that 14 major coordi-
nation challenges could be faced by the project manager
during RCM in GSD sites. Among the 14 coordination chal-
lenges, cultural difference is the majorly occurred challenge
(51.85%). Ultimately, this remains a major obstacle for the
offshore stakeholders, who faced different language barriers
in understanding the need for requirements change in an
ongoing or completed software project. In contrast, lack of
trust among team members and lack of face-to-face meet-
ings are found to be the second major coordination chal-
lenge (48.14%). Interestingly, the personality clash challenge
causes the lowest impact (3.70%) on the coordination chal-
lenges during RCM in GSD. Moreover, there was no miti-
gation strategy proposed in the literature that can handle the
personality clash challenge.

RQ2.1 (What Are the Best Possible Mitigation Prac-
tices for Coordination Challenges?): Table 12 represents
different coordination challenges identified and analyzed in
the selected studies. Moreover, the best mitigation practices
identified from the literature review and expert feedback are
also mentioned and assigned to every coordination challenge.

From Table 12, it was found that cultural differences
can significantly hinder the understandability of the client’s
and other stakeholder’s information, knowledge, and needs
as compared to the other coordination challenges during
the RCM. This observation is supported by 51.85% of the
selected SLR studies. Furthermore, lack of trust among
team members (48.14%) caused the delayed and inade-
quate responses, while managing the requirements change at
different sites. In comparison to lack of trust, lack of face-to-
face meetings negatively impacted the understandability of
team members (48.14%). Furthermore, the lack of face-to-
face meetings and inadequate knowledge sharing increases
the distrust among the GSD teams.

Figure 8 represents the most commonly faced challenges
as identified from the selected SLR studies. From Figure 8,
it can be observed that missing or lack of knowledge trans-
fer at different offshore sites causes’ the failure in soft-
ware projects as reported by 62.96%. In contrast, trust
issues among the software development team members and
other stakeholders were reported by 59.25% of the stud-
ies. Furthermore, cultural differences act as a communi-
cation barrier at offshore sites mentioned in 55.55% of
studies.

TABLE 9. The client-related sub-challenges and corresponding mitigation practices.
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The inadequate transfer of information was highlighted
in 51.85% of studies, missing collaboration in teams was
reported in 48.14% of studies. In contrast, diversity in time
zones, time delay in responses, language barriers, and miss-
ing mutual understanding among the team members were
reported by 44.44% of the studies.

Figure 9 shows the widely adapted recommended mitiga-
tion practices to handle the communication and coordination
challenges at offshore sites.

From Figure 9, we found that focus on knowledge
and information sharing with the stakeholders is the
widely adapted mitigation practice (44.44%) to handle

the trust deficit issue in the distributed software devel-
opment teams. Similarly, effective and efficient knowl-
edge sharing is the second highly suggested practice as
reported in 37.03% of the analyzed studies. The usage
of commonly available tools, face-to-face meetings, using
communication managers or liaisons, and more communi-
cation establishments were recommended in 29.62% of the
selected studies. In addition to the above-mentioned miti-
gation practices, bridging the gap between cultures, infor-
mal communication, knowledge sharing sessions, and work
progress visibility was supported by 25.92% of the selected
studies.

TABLE 10. Software development organization-based sub-challenges and corresponding mitigation practices.
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TABLE 11. Miscellaneous-based sub-challenges and corresponding mitigation practices.

FIGURE 8. Commonly faced challenges.

VI. PROPOSED CONCEPTUAL MODEL
This section presents the proposed conceptual model,
which is useful to effectively handle the communication

FIGURE 9. Commonly adapted mitigation strategies.

and coordination challenges by suggesting the most
suitable mitigation practice during RCM in the GSD
context.
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TABLE 12. Coordination-based challenges and corresponding mitigation practices.
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TABLE 12. (Continued.) Coordination-based challenges and corresponding mitigation practices.

Figure 10 represents the architecture of the proposed con-
ceptual model. It contains three main phases, which further
include a set of relevant steps to support the targeted research
objective.

Phase 1 shows the project’s initiation, which is activated
once the need for requirements change management is identi-
fied (step 1). Note that the stakeholders, including the clients
and project managers, intimate about the need for require-
ments change communicated. Next, different challenges are
identified that pose a potential threat to the communication
and coordination mechanism during the RCM process at
offshore sites (step 2). As previously discussed, we found
62 and 14 different communication and coordination chal-
lenges (respectively) through the conducted tertiary study.
Finally, in phase 1, after finding the relevant challenge(s),
the request is forwarded to find the best mitigation
strategy (step 3).

In phase 2, the best possible mitigation practice(s) is/are
allocated to the mentioned challenge (step 4). Note that
we found 107 mitigation strategies that effectively handle
the raised challenges in the RCM process. In other words,
the main aim of phase 2 is to extract the best mitigation
strategies effective in handling the given challenges.

Finally, in phase 3, a standard list of mitigation practices
is transferred to all stakeholders as a standard set of solu-
tions (step 5). Next, the basic communication protocols are

adapted at all the offshore sites to avoid any communication
and coordination challenges during RCM in GSD (step 6).
Lastly, the requirements are changed and managed under pre-
defined communication and coordination standards at multi-
ple globally distributed locations (step 7).

VII. VALIDITY THREATS
This section provides the validity threats. The SLR studies
included in this research are published between the years
2009 to 2021, as represented in Appendix B (Table 14).
We nevertheless acknowledge that trends, techniques, and
methodologies are rapidly changing in the GSD domain.
Thus, we excluded the SLR studies published before the year
2009. Although, there could be a chance that we might miss
some important studies. To tackle this issue, we have adopted
a systematic review process to provide an unbiased view of
the literature.

The selected studies were carefully filtered grounded on
the devised inclusion-exclusion criteria to select the most
relevant studies on the RCMprocess in GSD. In total, 27most
relevant studies were selected through the conducted system-
atic review. However, except for one study, S23 Appendix A
(Table 13), no other study has comprehensively focused on
communication and coordination issues during the RCM pro-
cess in the distributed development environment. Hence, we
carefully analyzed the remaining 26 studies and extracted
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TABLE 13. Analysis of the selected primary SLR studies.
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TABLE 13. (Continued.) Analysis of the selected primary SLR studies.
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TABLE 13. (Continued.) Analysis of the selected primary SLR studies.
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TABLE 14. The selected SLR studies.
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TABLE 14. (Continued.) The selected SLR studies.

FIGURE 10. The proposed conceptual model.

different factors after conducting a detailed analysis. It might
be possible that we missed some important challenges and
solutions while analyzing a large number of challenges
and mitigation practices. However, this threat has mini-
mal impact on the found challenges and the corresponding
mitigation practices. This is because that limited research
has been conducted on the targeted research context. Thus,
we have included some studies that partially addressed the
communication and coordination challenges during the RCM
in the GSD context.

After extracting and analyzing the relevant information
regarding challenges and mitigation practices, we consulted
with the domain experts (having strong industrial back-
grounds) to categorize the different challenges and also high-
light the best mitigation strategy.

VIII. RESEARCH IMPLICATIONS
The identified challenges and mitigation strategies support
the practitioners, researchers, and stakeholders to effectively

manage the communication and collaboration at various off-
shore sites. Note that the challenges and solutions are not
only specific to the RCM process. Instead, the mitigation
practices can be used to minimize the risks faced at any
stage in the distributed development environment. As pre-
viously mentioned, improper communication and coordina-
tion are the main root causes of the failure of any software
project. Hence, all the stakeholders must be prepared to effec-
tively and timely communicate with each other at distributed
locations.

Another research implication is that necessary tools sup-
porting communication and coordination issues need to be
developed. Thereby, it would help in optimally utilizing
the development resources during RCM in the GSD con-
text. The predefined standards and protocols for managing
the requirement change, and communication and coordina-
tion are imperative for the project’s success. Hence, the
communication tools and practices highlighted in this
research can help the offshore stakeholders to promptly
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manage the important tools and techniques before outsourc-
ing a software project.

The current work has categorized different communication
challenges into different categories. Consequently, it would
help in enhancing the understanding of novice researchers
in the targeted research context. Additionally, the best mit-
igation practices are identified and reported that supports
in managing the impact of communication and coordination
challenges. As a result, it would support the researchers
in understanding the complexity of the distributed software
development process. From the software development orga-
nization’s perspective, it would facilitate them to construc-
tively manage the new requirements changes at multiple
development sites.

IX. CONCLUSION AND FUTURE WORK
Requirements Change Management (RCM) in Global Soft-
ware Development (GSD) is a troublesome, laborious, and
time-consuming process that requires an enormous cost to
manage the requirements changes. Effective communication
and coordination protocols play an important role in the
project’s success, especially when the stakeholders are posi-
tioned at multiple geographically dispersed locations. To deal
with this situation, RCM must be implemented by defining
the basic set of rules, standards, and communication and coor-
dination protocols to mutually respond to the stakeholders.

In this research, we performed a tertiary study by fol-
lowing the PRISMA guidelines and identified the commu-
nication and coordination challenges (and sub-challenges)
faced by the stakeholders and project managers during the
RCM process in GSD. Moreover, we also identified a generic
set of challenges that occurred during requirements changes
in the distributed development environment. Furthermore,
the best mitigation strategies are mentioned that can effec-
tively handle the identified communication and coordination
challenges during the offshore development process. Finally,
we proposed a conceptual model that provides complete sup-
port to the RCM process in the GSD context. To validate
the proposed conceptual model, we consulted the domain
experts. It has been observed that the standard communica-
tion channels can greatly help in handling the RCMprocess in
GSD. As a result, it would help in reducing the development
cost, effort, and time in the context of GSD. We believe
that this study facilitates in bridging the gap between the
researchers, practitioners, and stakeholders by extensively
reviewing the current state-of-the-art in GSD research con-
text, and providing a conceptual model effectively handle the
found challenges.

In the future, we plan to enhance the proposed conceptual
model by including more challenges and mitigation prac-
tices in the distributed development environment. In addition,
we also plan to implement the proposed conceptual model
on small-scaled global software development organizations
in Pakistan to observe and present the performance-based
results of the currently proposed conceptual model in future
research work.

APPENDIX A
See Table 13.

APPENDIX B
See Table 14.
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