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ABSTRACT At present, global software development (GSD) is gaining considerable attention in the realm of
software engineering. The project management of global software projects presents substantial complexity
owing to several inherent challenges of GSD. The software project management practices employed for
in-house development appear inadequate to address the unique challenges posed by global software projects,
making their management a formidable task. Software organizations rely on traditional software project
management practices to manage global projects, often resulting in impairments or failures. This paper
explores the critical success factors (CSFs) in software project management for global projects by developing
a framework for effective project management within the context of GSD. The study focuses on identifying
and prioritizing CSFs in software project management within a GSD setting utilizing multi-criteria decision-
making (MCDM) analysis methods. Therefore, the present research provides an extensive literature review
of CSFs in software project management within GSD. Additionally, the research applies the combinatorial
approach to assess the various dimensions and CSFs of software project management in GSD. The proposed
approach aids in measuring and comparing the effects of several dimensions and CSFs of software project
management in GSD. Five dimensions and twenty factors have been determined through a literature review
and further evaluated for prioritization using the combinatorial approach. The identified dimensions and
factors will be valuable in devising strategies to effectively manage global software projects.

INDEX TERMS GSD, MCDM, CSFs, success, effective project management, critical success factors.

I. INTRODUCTION
Global software development (GSD) refers to the process that
involves collaboration with team members across the globe
to develop software products. GSD is an emerging aspect of
software development embraced by the majority of software
organizations [1]. The extensive practice of GSD has become
feasible due to fast and inexpensive international telecommu-
nication means as well as the availability of highly skilled
software practitioners at low cost. Access to global talent is
a main motivational factor for software companies opting to
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develop software within a GSD setting [2]. Currently, the exe-
cution of GSD projects is prevalent in the software industry
due to the numerous benefits it offers, such as round-the-
clock development, attractive cost structures, reduced time to
market, innovation, and shared best practices [3]. However,
despite the numerous positive effects of GSD on software
development, it presents challenges at both management and
technical levels. Software development, whether co-located
or distributed, is inherently a human activity. Consequently,
issues related to trust, communication, and coordination at
a distance affect the performance of distributed teams. GSD
entails cultural, language and time zone differences that
intensify these issues, hampering knowledge sharing, team
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management, and eventually posing hazards to project suc-
cess. Addressing such issues requires project managers in
GSD settings to possess additional understanding, skills and
consideration [3]. Project management has strong effect on
software development and becomes particularly important
within GSD settings. Many software organizations adopt
GSD without prior knowledge and exposure to its issues,
resulting in their failure to successfully manage and complete
projects. The main reason behind such failure is the applica-
tion of inappropriate project management practices that do
not align with the context of GSD [4]. Success in global
projects depends on employing project management practices
which are pertinent to a GSD setting.

Project management practices vary between developed
and developing countries with respect to communication,
working habits, organizational structure and culture [4].
GSD projects are prone to numerous threats including lan-
guage differences, cultural differences and compliance issues
which require identification and control through an effective
mechanism. Effective project management of GSD projects
is crucial to ensure timely delivery, allegiance to budget
constraints, meeting quality standards, alleviating risks and
ensuring client satisfaction. It helps to communicate fre-
quently in clear terms within the team members located
at different geographical locations, time zones and cultural
background to ensure that the final product will meet the
required quality standards, customer requirements and expec-
tations [5]. Critical Success Factors (CSFs) play an important
role in the effective project management of GSD projects.
These factors are essential for the success of global projects.
CSFs can assist project managers in determining the critical
areas that require their attention and support them in accom-
plishing project success. CSFs are factors that, if addressed
properly can considerably improve the likelihood of project
success. Numerous studies in project management have iden-
tified CSFs that may influence the success of GSD projects
but such CSFs are mainly related to general projects rather
than focusing on the issues of GSD projects [6]. Previous
studies proposed various CSFs models to effectively manage
the global software projects.

However, these models are deficient in respect of focusing
important aspects of global software project management,
covering big geographical region and their integration with
software project management framework. Furthermore, the
use of decision-making techniques and GSD experts’ per-
spectives have not been taken to develop such models. Still,
there is a lack of comprehensive models with a strong
theoretical background in software project management for
GSD projects. So, this research aimed to introduce a CSFs
model for effective software project management in a GSD
setting.

This study raised two key research questions, which are as
follows:
(i) What factors predominantly influence managing soft-

ware projects in a GSD setting?
(ii) How will these factors be evaluated and prioritized?

Considering management of software projects in the GSD
context a multi-dimensional problem comprising various cri-
teria (aka dimensions) and sub-criteria (aka factors)., this
work has taken into account the multi-criteria decision-
making (MCDM) techniques, accompanied by a substantial
literature review to offer a model for effective project man-
agement of software projects in GSD. Generally, MCDM
techniques are used to make decisions when there are quite
a few factors. The analytic hierarchy process (AHP) [7] is
one of the most popular MCDM techniques that is adequate
to make decisions using pairwise comparison of qualitative
and quantitative factors. It provides an outstanding procedure
to compute the weights of factors used in experts’ reasoning
processes [8]. However, the traditional AHP lack the ability to
completely display the ambiguities that exist in human judg-
ment. Consequently, a precise criterion cannot be produced.
Furthermore, the AHP method does not eliminate the biases
of decision-makers. The decisions made by humans always
undergo from irregularities, such as imprecision, vagueness,
and incapacity to offer accurate placement of Saaty’s scale
during pairwise comparison. These deficiencies of AHP
can be addressed by the fuzzy analytic hierarchy process
(FAHP), which has the capacity to overcome such limitations.
FAHP considers linguistic ambiguity and imprecision during
decision-making.

It has been employed in numerousMCDMproblems owing
to its potential to settle vague information. It permits experts
to deliver consistency in their judgment. FAHP consists
of simple steps used to derive the weights in relation to
other MCDM techniques including fuzzy best worst method
(FBWM), fuzzy characteristic objects method (FCOMET),
and technique for order performance by similarity to ideal
solution (TOPSIS) [9]. Therefore, considering the possibility
of higher accuracy in analysis, time constraints and con-
venience for researchers and experts, AHP and FAHP are
employed in this study.

The rest of the paper is orchestrated as follows: Section II
presents an extensive review of recent literature for this
study. Section III is about the role of CSFs in GSD project
management. Section IV presents a framework for the CSFs
of software project management in GSD. Section V pro-
vides an overview of MCDM-based research methodologies.
Section VI presents the results of the study. Section VII is
about discussion. Finally, section VIII provides the conclu-
sion and future work.

II. RELATED WORK
Numerous research studies have been conducted in the past
few years to introduce CSFs-basedmodels and frameworks to
effectively manage projects in the context of global software
development. The CSF models and frameworks introduced
by prior research are as follows:

Chua andOng [10] proposed theGlobal SoftwareDevelop-
ment Success Factors (GSDSF) model to effectively manage
global projects. The model consists of six CSFs, includ-
ing communication, coordination, culture, human resource
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management, infrastructure, and process. It helps to iden-
tify and prioritize CSFs for global projects. However, the
model lacks a clear and succinct way to measure the con-
tribution of each factor towards the success of projects;
it assumes that all factors are equally important, which
limits its practicality. Björndal et al. [1] revealed the chal-
lenges of GSD activities with respect to project management.
The data has been collected using interviews and ques-
tionnaires and is based on the perceptions and experiences
of professionals in the area of global project management.
The findings of the research study are helpful for prac-
titioners to effectively plan and execute global projects.
Guzmán et al. [11] discussed several important factors that
contribute to the effective management of global virtual
teams. These factors were extracted from a large-scale indus-
trial software development project that lasted for a long time
and involved various global teams. Nine identified CSFs were
further categorized into three dimensions of project manage-
ment, including technology, human factors, and processes.
Cicibas et al. [12] comparatively analyze the productivity and
management perspectives of in-house development and GSD.
Results showed low performance by project managers in
global projects in comparison to in-house development. The
major cause of a low performance was lack of communica-
tion, coordination, control, feedback, and conflict resolution
in the GSD setting. It has been revealed that project man-
agers performance in GSD is influenced by various factors
and management skills rooted in communication, coordina-
tion, and negotiation. Niazi et al. [13] underlined another
major issue, the majority of clients sanction global contracts
without confirming the project management readiness of
vendors for global activity. The authors identified project
management challenges associated with GSD through a sys-
tematic literature review. The major challenges identified
are lack of cultural understanding, lack of communication,
lack of coordination, time zone differences, and knowl-
edge management. In another study, the authors proposed
a framework to evaluate the project management readiness
of software organizations to conduct GSD projects. Such
a framework consists of 18 success factors; most of the
identified factors were mainly related to two knowledge
areas of PMBOK, including communication and human
resource management. Only a few factors were associated
with scope, cost, and time management knowledge areas of
project management [14]. Jain and Suman [15] proposed a
framework encompassing the aspects that should be taken
into account while executing projects in a distributed setting.
Such a framework comprises team and resource manage-
ment, knowledge management, performance management,
integrationmanagement, and riskmanagement. A new frame-
work is developed, taking into account CSFs extracted from
research studies considered from an industrial perspective.
This framework extends Jane & Suman with commu-
nication management and requirement management [16].
Radujkovic and Sjekavica [17] research emphasizes project

management practices to make the area more effective, which
will ultimately lead to the success of projects. Such practices
include project team competencies, emotional intelligence,
skills, tools, and techniques, awareness of organizational
structure and culture. Nurdiani et al. [18] introduced a
framework to manage risks in GSD projects. The pro-
posed framework is a matrix of risk factors caused by GSD
dimensions (i.e., temporal, geographical, and sociocultural
distance), processes (i.e., communication, coordination, and
control), and mitigation strategies. The study was carried
out using the systematic literature review (SLR) technique.
Through SLR, 48 risk-related issues and 42 mitigation
strategies were identified which encompassed the proposed
framework. Another study identified risk factors related to
software project management activities in GSD and pro-
posed an integrative framework incorporating such risks. The
framework encompasses 39 risk factors extracted through
SLR, concentrating on studies addressing project manage-
ment issues and risks that arise in global projects [19].
Marinho et al. [20] focused on managing uncertainties in
global projects by mapping the uncertainty management
approach (MUSP) with the global teaming model (GTM).
The findings of this research indicated that MUSP satis-
fies the recommendations of the GTM model and can be
applied to global projects. Manjavacas et al. [3] conducted
a research study to figure out the challenges of GSD in
relation to governance. They found several key elements
that were not explored in previous research. Such elements
include processes, principles, policies, culture, knowledge,
people skills and competencies, infrastructure, and applica-
tion. Lim [21] studied the relationship between roles and
methods used to manage projects and their effect on the
success of projects using a quantitative correlational study.
The variables associated with roles and methods include
monitoring and controlling performance, competencies and
methodologies, strategic management, organizational learn-
ing, and organizational structure. The results revealed that the
variables associated with roles and methods are predictors of
global project success. Another study examined the influence
of human resources on the success of GSD projects. The
challenges related to human factors in GSD settings have
been identified, and recommendations have been given to
reduce the impact of identified challenges on the success of
global projects [22]. Chadli et al. [23] discover and classify
various tools cited in the literature that offer support to GSD
project managers in managing distributed projects. They cat-
egorized tools corresponding to software life cycle stages
and describe the process by which such tools support com-
munication, collaboration, and cooperation. Bajta et al. [24]
conducted a research study to identify and classify software
project management approaches cited in the literature specifi-
cally for GSD. The software project management approaches
have been analyzed in terms of their application in industry,
strengths, and weaknesses. Results revealed that the most
frequently used methods include coordination, planning, and
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monitoring. The authors stressed the need to further investi-
gate the methods and factors of software project management
for GSD. A SLR identified 25 practices to effectively manage
software projects in a GSD setting. The authors believed
that implementing such practices could assist in effectively
managing global projects [25].

A variety of CSF-based models and frameworks have been
proposed by different researchers; however, certain limita-
tions are perceived in such models.

Firstly, some studies on the CSF model emphasized on
a limited set of factors, such as project management prac-
tices, risk factors, and managing global virtual teams, while
neglecting other crucial factors that could influence the suc-
cess of global projects. The incomplete coverage leads to the
partial insight of project managers working in GSD settings.
Secondly, prior research on CSF models has limited scope,
focusing on specific geographical regions, which restricts the
applicability of their findings. There is an overreliance on pre-
vious research on finding factors through systematic literature
surveys rather than applying other useful research methods.
Although plentiful research studies have been conducted to
recognize the CSF for effective project management in GSD,
however, there is still a need to develop a comprehensive
model by reviewing the literature extensively and consulting
GSD researchers, experts, and practitioners involved in global
projects with the help of decision-making methods.

III. ROLE OF CSFs IN GSD PROJECT MANAGEMENT
Critical success factors (CSF) are key activities performed by
organizations to achieve competitive performance.

CSFs help every kind of organization decide what to
emphasize in order to produce the desired results [17].
To assist GSD companies in successful project manage-
ment, the concept of CSFs is gaining importance. Rockart
(1979) CSFs are defined as ‘‘the limited number of areas
in which results, if they are satisfactory, will ensure satis-
factory competitive performance for the organization’’ [26].
The identification of CSFs for effective management of GSD
projects has been viewed as one of the most significant issues
to explore further [27].
Planning and organizing projects to support identified

CSFs bring about optimistic results based on thoughtful con-
sideration. The CSFs used for effective management act as
a framework that can guide stakeholders in global projects,
especially those with a leading role in defining and determin-
ing crucial elements necessary for meeting project objectives
successfully. During the planning phase, CSFs are consid-
ered the most impactful variables and should be treated
prudently to ensure the effective implementation of the entire
strategy [28].

The fundamentals of CSFs are that they should be mea-
surable, manageable, and verifiable so that they support
the entire management process. Thus, CSFs should be han-
dled carefully during the management of global software
projects so that project success can be achieved, as shown
in Figure 1.

FIGURE 1. Hierarchy of software project management CSFs in GSD.

IV. FRAMEWORK FOR CSFs OF SOFTWARE PROJECT
MANAGEMENT IN GSD
To identify CSFs that influence the management of global
software projects, the extensive research literature on soft-
ware project management in the GSD context has been
reviewed. The relevant literature was gathered by explor-
ing the most important and widely used scientific repos-
itories, including IEEE Xplore, Science Direct, Google
Scholar, and Web of Science. Various search strings were
employed to access the necessary research papers. Only
the papers most relevant to the goals of our study were
extracted for further exploration; the rest were initially
disregarded.

Keeping in view the CSFs effect on the management of
global software projects, the CSFs have been categorized
into several dimensions, such as Communication, Coor-
dination, Human Resource Management, Technology and
Project Management. The steps taken to identify CSFs
that influence software project management in GSD are as
follows:

• Extensive review of literature that discusses the CSFs of
software project management in GSD.

• Identification of frequently used CSFs for software
project management in GSD.

Using the above-mentioned method, a framework for the
selection of CSF has been formulated and presented
in Figure 2. Subsequently, combinatorial approaches like
AHP-GDM and FAHP have been applied to determine the
weight of CSFs for their prioritization. Based on the extensive
literature review of software project management in GSD,
7 dimensions and 36 CSFs have been identified. In the end,
5 dimensions and 20 CSFs were chosen after excluding
factors cited less frequently in the literature and removing
dimensions that overlapped with others. The selected dimen-
sions and CSFs have been described further and presented in
Table 1.
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FIGURE 2. Framework for AHP & FAHP based Prioritization of software
project management in GSD.

A. COMMUNICATION
Communication plays a significant role in the effective man-
agement of global software projects. There is a lot of diversity
in GSD, as project team members, clients and stakeholders
come from different cultural backgrounds. Effective commu-
nication helps in bridging cultural gaps and making it certain
that everyone is on the same wavelength. There is a relatively
higher tendency for misunderstandings and conflicts to arise
in global projects. Communication helps in addressing such
issues promptly and finding win-win situations. In a nutshell,
communication is the backbone of successful global software
project management.

B. COORDINATION
Coordination is a crucial aspect of managing global soft-
ware projects. It involves organizing the efforts of various
stakeholders to ensure they work together efficiently toward
project goals. Coordination makes it certain that all stake-
holders understand project work and are aligned with the
project goals, objects, and deliverables, despite working from

different geographical locations. It allows efficient allocation
of resources and smooth workflow, which eventually lead to
the successful completion of the project.

C. HUMAN RESOURCE MANAGEMENT
Human Resource Management (HRM) plays an important
role in the success of global software projects. It helps in
identifying required resources with desired skill sets for sev-
eral roles in the project and confirms that the right talent is
required. HRM is premised on the belief that placing the right
people on the right team fosters a positive working environ-
ment. Additionally, this dimension focuses on developing and
managing the human capital involved in global projects.

D. TECHNOLOGY
In GSD, technology has a central role in the management
of global software projects. It facilitates effective commu-
nication and collaboration and helps overcome geographical
barriers to ensure the successful delivery of projects. Various
tools, like Jira, Trello, and Asana, etc., are available to virtual
teams, which allow them to communicate and collaborate
quickly and answer queries of each other promptly.

E. PROJECT MANAGEMENT
Project management is indispensable to the success of GSD
projects. It is useful to handle the complexities exhibited
by geographical dispersion, cultural diversity, and time zone
differences. It also helps to record, organize project docu-
ments, and establish a knowledge base. Project management
processes regularly monitor the progress of global projects
being executed at various nodes to remain updated about their
health.

V. OVERVIEW OF MCDM-BASED RESEARCH
METHODOLGIES
Managing global software projects is a multi-criteria
decision-making problem, and understanding it is imperative
for discovering the dimensions and factors on which it is
based. In this section, we outline the AHP-Group Decision
Making (GDM) and FAHP techniques. The AHP-GDM is
employed for systematic group decision-making to address
complicated issues with many criteria. This technique
exhibits good strength in making decisions through pairwise
comparison of qualitative, quantitative, and uncertain factors.
To further strengthen the AHP, the fuzzy method is integrated
into it. FAHP keeps the procedure simple, even when the
number of alternative cases grows. FAHP helps in discovering
more decisive results by replacing the membership scales
with Saaty’s scale (1–9) and weighing them in the presence of
uncertainties. FAHP combines fuzzy set theory and extension
principles to eliminate ambiguity in decision-making.

A. AHP METHODOLOGY
The Analytical Hierarchy Process (AHP) is a widely known
multi-criteria method that was developed by Saaty to find
the most appropriate alternatives [42]. Analytics in AHP
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TABLE 1. CSFS of software project management in GSD obtained through
literature review.

show that the topic is dissected into its constituent parts.
Hierarchy refers to the identification of a hierarchy of con-
stituent elements in relation to the main goal. The process
involves processing data and making decisions to achieve the
intended result. The AHP is a decision-support tool designed
to solve the problem by decomposing, classifying, and then
arranging the potential solutions into a hierarchical structure.

This method compares the parameters with the established
measurement scale in order to meet the priority requirements.
Expert opinion is the primary source of feedback for the
AHP technique, adding subjectivity to the decision-making
process. In order to determine the subjective weights of var-
ious evaluation criteria, AHP is used. The methodology is as
follows:

The pairwise comparison matrix is used, and it can be
represented as:

A =

 a11 · · · a1n
...

. . .
...

a1n · · · ann

 , aii = 1, aij = 1/
aji, aji ̸= 0

(1)

where the criteria are denoted by a1, a2, . . ., an. The relative
importance of two criteria is rated using a scale as described
by [41] and shown in Table 2.

TABLE 2. Relative importance in the comparison of two criteria.

Equations 3 to 4 are used to determine the consistency ratio
(CR) and consistency index (CI), where n is the number of
criteria. The pairwise comparison matrix is acceptable if the
CR is < 0.1. Table 3 shows a random index for a given n.

CR =
CI
RI

(2)

CI = (λmax − n)
/

(n− 1) (3)

TABLE 3. Random index.

B. FAHP METHODOLOGY
Triangular fuzzy numbers (TFNs) can serve as an alterna-
tive to Satty’s scale, as illustrated in the derived pair- wise
comparison shown in Section VI. The extension concept
can be applied to determine the intersection of two fuzzy
sets. When compared to AHP, the use of fuzzy numbers
can lead to more precise decision-making. Because the AHP
is typically dependent on the expert’s competence, biased
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decision-making is a possibility. TFNs may help to lessen
ambiguity and bias in decision-making [43]. Thus, fuzzy
set theory and extension principle can help provide more
accuracy in decision-making. The general fuzzy set theory
and extension principles are discussed further:

1) FUZZY SET THEORY
The efficient use of fuzzy set theory ensures good judgment.
Since experts have more freedom to make decisions while
using fuzzy set theory, personal bias and ambiguity may be
readily reduced. Therefore, applying fuzzy set theory and the
fuzzy extension principle can aid in making the right choices
in a fuzzy context. The triangular fuzzy numbers (p1, p2, p3)
or trapezoidal numbers (p1, p2, p3, p4) can be used in pair-
wise decision-making [45], as shown in Figure 3.

FIGURE 3. Triangular fuzzy number (P).

The fuzzy set theory uses TFNs for various arithmetic
operations [46]. TFNs may be represented by Q1 and Q2 as
(r1, s1, t1) and (r2, s2, t2) respectively.
Two TFNs can be used to perform arithmetic operations

such as subtraction, addition, division, and multiplication.
Such arithmetic operations can be represented by the follow-
ing Equations (4-8):

Q̃1⊕Q̃2 = (r1+r2,s1+s2,t1+t2) (4)

Q̃1⊖Q2 = (r1−r2,s1−s2,t1−t2) (5)

Q̃1⊗Q̃2 = (r1r2,s1s2,t1t2) (6)

λ⊗Q̃1 = (λ1r1,λ1s1,λ1t1) where λ> 0, λϵR (7)

Q̃−1
1 =

(
1
t1

,
1
s1

,
1
r1

)
(8)

2) APPLICATION OF THE THEORY OF EXTENT ANALYSIS IN
MCDM IN FUZZY ENVIORNMENT
Two triangular fuzzy numbers (TFNs) can be compared using
the extent principle [47]. A set of priorities and a set of
targets may be viewed as two sets, i.e., Y = {y1, y2,. . . . . . . . . ,
yn} and Z = {z1, z2,. . . . . . . . . , z3} respectively. respectively.
Therefore, each objective can be extracted using extension
theory, and extent analysis can be carried out for each goal.
As a consequence, the values of them extent analysis for each

objective can be obtained as follows:

Q1
gi,Q

2
gi . . .Q

m
gi, i = 1, 2, . . . , n (9)

where Qjgi (j = 1, 2, . . .m) are TFNs represented as (r , s, t).
The method is explained below, based on extent analysis as
demonstrated in [43].
Step 1: Establishing an organizational structure for the

target provided
Dimensions and CSFs are just two of the many categories

that make up the current framework. Experts’ feedback might
be used to confirm the hierarchy. It is crucial to frame the
hierarchical ranking system.
Step 2: Establishing the pair-wise comparison for dimen-

sions and CSFs of software project management using TFNs
The dimensions and CSFs of software project manage-

ment in GSD may be analyzed and compared using feedback
from experts. The pair-wise comparison of dimensions and
CSFs of software project management in GSD is finally
established. In the entire pair-wise comparison matrix, the
TFNs are used to fix the relationship among such pair-wise
comparisons.
Step 3: Obtaining the value of fuzzy synthetic extent

Fi =

m∑
j=1

Qjgi ⊗

 n∑
i=1

m∑
j=1

Qjgi

−1

(10)

Using fuzzy summation of TFNs, m extent analysis values∑m
j=1Q

j
gi, may be obtained as:

m∑
j=1

Qjgi =

 m∑
j=1

rj,
m∑
j=1

sj,
m∑
j=1

tj

 (11)

and
[∑n

j=1
∑m

j=1Q
j
gi

]−1
, gives the fuzzy summation of

Qjgi (j = 1, 2, . . . ,m) values are calculated as

n∑
i=1

m∑
j=1

N j
gi =

 m∑
j=1

rj,
m∑
j=1

sj,
m∑
j=1

tj

 (12)

The inverse of the vector may be obtained as:
n∑
i=1

m∑
j=1

Qjgi


−1

=

(
1∑n
i=1 ti

,
1∑n
i=1 si

,
1∑n
i=1 ri

)
(13)

Step 4: Obtaining the degree of possibility of supremacy
for two tfns i.e., Q2 = (r2, s2, t2) ≥ Q1 = (r1, s1, t1)

V (Q2 ≥ Q1) = sup
[
min(µQ1 (x) , µQ2 (y))

]
, y ≥ x

(14)

and can be represented as:

V (Q2 ≥ Q1) = hgt (Q1 ∩ Q2) = µQ2 (f ) (15)
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µQ2 (f ) =


0 if s2 ≥ s1
1 if r1 ≥ t2

r1 − t2
(s2 − r2) − (s1 − r1)

otherwise

(16)

Various experts are involved in the group decision-making
process. For instance, K experts are participating; thus, the
subsequent pair-wise comparisons yield n elements. A set
of K matrices, Ǎk =

{
q̌ijk

}
, where Ǎk = q̌ijk =(

rijk , sijk , tijk
)
represents the relative importance of elements i

to j, as derived by expert k . The aggregation may be obtained
using Equation (17).

rij = min
(
rijk

)
, k = 1, 2, . . . k

sij =
k

√∏K

k=1
sijk

tij = max
(
tijk

)
, k = 1, 2, . . . k (17)

The two TFNs i.e. (r1, s1, t1) and (r2, s2, t2) intersect at d
which is shown in Figure 3. It also gives ordinate d , from
the possible highest intersection between two fuzzy numbers
Q1 and Q2 denoted as Q. Thus Q1 and Q2, maybe calculated
through the values of V (Q1 ≥ Q2) and V (Q2 ≥ Q1).
Step 5: Obtain the degree of possibility for a given convex

fuzzy number such that it is greater than K convex
Fuzzy number Q1 (i = 1, 2, . . . ., k) may be derived as

V (Q ≥ Q1,Q2 . . . .Qk)

= V [(Q≥Q1) and (Q≥Q2 and . . . . . . . . . and (Q≥Qk))]

= minV (Q ≥ Qi) , i = 1, 2, . . . . . . . . . , k (18)

Considering,

d ′ (Bi) = minV (Si ≥ Sk) for k = 1, 2, . . . ..,m; k ̸= i
(19)

The weight vector is may be derived as:

G′
=

(
d ′ (B1) , d ′ (B2) , . . . . . . . . . , d ′ (Bn)

)T
Such that Bi (i = 1, 2, . . . .., n) has n elements.
Step 6: Obtain the normalized weight vectors.
The normalized weight vector is calculated using

Equation (20).

C = (d (B1) ,d (B2) , . . . . . . . . . , d (Bn))T (20)

where C denotes the crisp number.
Step 7: Obtaining the total score of each dimension of CSFs

and its prioritization factors
Total priority weights for each dimension as well as CSFs

for software project management will be included in the
local weight and global weight products. To achieve higher-
order priorities, the dimensions and CSFs can be ranked and
prioritized in descending order.

FIGURE 4. The intersection of TFNs [38].

FIGURE 5. MCDM model for effective project management in GSD.

VI. RESULTS
A combinatorial approach based on AHP-GDM and FAHP
has been employed in determining and ranking the CSFs of
software project management in GSD. AHP facilitates evalu-
ation with the help of experts in the field, whereas FAHP aids
in eliminating biases that exist in decision-making. Experts
have an important role in qualitative assessment. In this
study, five experts with over five years’ experience in soft-
ware project management within a GSD setting were chosen.
A few of them also have research exposure in software project
management at GSD in addition to their industrial experience.
An in-depth literature review has been conducted to identify
the CSFs of software project management in GSD. Five
dimensions, including Communication (Com), Coordination
(Coo), Human Resource Management (HRM), Technology
(Tec) and ProjectManagement (PM)were identified. Figure 5
portrays the framework to evaluate and prioritize the CSFs of
software project management in GSD.

The selected experts, namely Expert1, Expert2, Expert3,
Expert4, and Expert5, evaluated five dimensions, which are
presented in the table 4, table 5, table 6, table 7, and table 8.
The synthesis of five decision matrixes has been performed
using geometric mean (GM), as shown in table 9. Similarly,
a pairwise comparison of all the factors within the main
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TABLE 4. Comparison of dimensions of software project management in
global software development by Expert1.

TABLE 5. Comparison of dimensions of software project management in
global software development by Expert2.

TABLE 6. Comparison of dimensions of software project management in
global software development by Expert3.

dimensions, such as Communication (Com), Coordination
(Coo), Human Resource Management (HRM), Technology
(Tec) and Project Management (PM), has been carried out
by the five experts (Expert1–Expert5). Table 10 presents the
composite weights of CSFs for software project management
in GSD obtained through AHP-GDM.

In the same way, FAHP has been applied in calculating the
weights of CSFs of software project management in GSD
to find the required ranking. The TFN scale, as shown in
table 11 has been used to determine the weights of the CSFs
of software project management in GSD and its dimensions.
The systematic methodology, as discussed in the previous
section may be followed to establish the weights. Table 12
shows the composite weights of the CSFs of software project

TABLE 7. Comparison of dimensions of software project management in
global software development by Expert4.

TABLE 8. Comparison of dimensions of software project management in
global software development by Expert5.

TABLE 9. Synthesized pairwise comparison of dimensions of software
project management in global software development by Expert1 to
Expert5 using AHP-GDM.

management in GSD. The prioritization obtained using the
AHP-GDMand FAHPmethods has been compared, as shown
in table 13.

VII. DISCUSSION
In recent years, GSD has emerged as an important phe-
nomenon in software development. The challenges inherent
in GSD put additional pressure on project managers while
managing global software projects. This study reveals several
dimensions and factors crucial for the effective manage-
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TABLE 10. Composite weight and rank of dimensions and factors software project management in global software development using AHP-GDM.

TABLE 11. TFN scale.

ment of such projects. The findings of this study are
supported by previous research studies emphasizing the
significance of communication, coordination, knowledge
management, human resource management, and technol-
ogy for effectively managing global software projects [10],
[11], [13], [44]. However, these previous studies discussed

these factors at a broader level, lacking detailed key aspects
essential to assisting project managers in GSD settings in
their decision-making process. Other studies have empha-
sized additional factors, including integration management,
risk management, mitigation strategies, emotional intelli-
gence, planning, and monitoring organizational structure and
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TABLE 12. Composite weight and rank of dimensions and factors software project management in global software development using FAHP.

FIGURE 6. Comparing ranks of factors of software project management in GSD.
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TABLE 13. Comparison of composite weightages and ranks weight and rank of dimensions and factors software project management in global software
development using AHP-GDM and FAHP.

culture [15], [17], [18], [24]. These are common factors and
mainly influence projects executed in co-located settings,
unrelated to GSD projects. Therefore, the model proposed
in this research encompasses crucial dimensions and their
related factors aimed at addressing project management
issues in GSD.

CSFs of software project management are very important
in the context of GSD. To figure out the significance of
each CSF, there is a need for a systematic approach. This
study attempts to quantify the CSFs of software project
management usingMCDM-basedmethodologies. The results
obtained by both the AHP-GDM and FAHP methodologies
are also compared in order to determine accurate prioritiza-
tion. The project managers working in a GSD environment
may find the CSFs prioritization helpful in executing the

global software project in an optimized and effective manner.
The combinatorial approach ofAHP-GDMand FAHPmay be
used in obtaining and ranking. A comparison of the weights
of software project management in GSD using AHP-GDM
and FAHP may be useful in figuring out the importance of
each CSF. The comparison of weights of CSFs for software
project management in GSDwas found usingAHP-GDMand
FAHP, as shown in Figure 6.

From the MCDM-based result analysis, it has been
found that the five dimensions of software project manage-
ment in GSD have the following priorities: Communication
(Com) > Coordination (Coo) > Human Resource Manage-
ment (HRM) > Technology (Tec) > Project Management
(Pm). The corresponding weights are 0.4651 > 0.2792 >

0.1363 > 0.0414 > 0.0780, where ‘>’ represents ‘more

22356 VOLUME 12, 2024



J. Alqahtani et al.: Evaluating Success Factors of Software Project Management in GSD

significant’. Similar prioritization is found through the fuzzy
AHP method. The respective weights obtained are 0.3715 >

0.1887 > 0.0970 > 0.0364 > 0.3063 where ‘>’ represents
‘more significant’.

VIII. CONCLUSION
This research presented a framework to manage software
projects in a GSD setting, comprising five dimensions and
twenty CSFs related to these dimensions. This study found
that the most significant factors among the twenty are com-
munication and coordination. Other factors have their own
significance in respect of managing projects in a GSD setting.
Among key factors, technology differences were found to be
the least important but that doesn’t mean that this factor has
no value. It is a very important factor in GSD scenarios where
technology variations need to be considered. The findings of
this study imply that the management of software projects in
a GSD setting should be driven by the factors delineated in
the proposed framework. It is a general framework to support
the execution of projects in GSD. It may be expanded further,
considering different domains of software projects and GSD
contexts. In this study, ranking and prioritization of CSFs
for project management in GSD are carried out in Pakistan
and the Kingdom of Saudi Arabia with a limited number of
available experts. Future studies may be conducted involving
a large number of experts from several regions.

REFERENCES
[1] P. Björndal, K. Smiley, and P. Mohapatra, ‘‘Global software project man-

agement: A case study,’’ in Proc. Int. Conf. Softw. Eng. Approaches
Offshore Outsourced Develop., vol. 4. St. Petersburg, Russia. Berlin,
Germany, Springer, Jun. 2010, pp. 64–70.

[2] J. Noll, S. Beecham, and I. Richardson, ‘‘Global software development
and collaboration: Barriers and solutions,’’ ACM Inroads, vol. 1, no. 3,
pp. 66–78, Sep. 2010.

[3] A. Manjavacas, A. Vizcaíno, F. Ruiz, and M. Piattini, ‘‘Global software
development governance: Challenges and solutions,’’ J. Softw., Evol. Pro-
cess, vol. 32, no. 10, Oct. 2020, Art. no. e2266.

[4] N. Saleem, ‘‘Empirical analysis of critical success factors for project
management in global software development,’’ in Proc. ACM/IEEE 14th
Int. Conf. Global Softw. Eng. (ICGSE), May 2019, pp. 68–71.

[5] M. Niazi, S. Mahmood, M. Alshayeb, A. M. Qureshi, K. Faisal, and
N. Cerpa, ‘‘Toward successful project management in global software
development,’’ Int. J. Project Manage., vol. 34, no. 8, pp. 1553–1567,
Nov. 2016.

[6] H. N. N. Mohd and S. Shamsul, ‘‘Critical success factors for soft-
ware projects: A comparative study,’’ Sci. Res. Essays, vol. 6, no. 10,
pp. 2174–2186, May 2011.

[7] M. Bernasconi, C. Choirat, and R. Seri, ‘‘The analytic hierarchy process
and the theory of measurement,’’ Manag. Sci., vol. 56, pp. 699–711,
Apr. 2010.

[8] F. Mulubrhan, A. A. Mokhtar, and M. Muhammad, ‘‘Comparative analy-
sis between fuzzy and traditional analytical hierarchy process,’’ in Proc.
MATEC Web Conf., vol. 13, 2014, Art. no. 01006.

[9] I. Kaya, M. Çolak, and F. Terzi, ‘‘A comprehensive review of fuzzy multi
criteria decisionmakingmethodologies for energy policymaking,’’Energy
Strategy Rev., vol. 24, pp. 207–228, Apr. 2019.

[10] B. B. Chua and T. S. Ong, ‘‘Critical success factors for global software
development projects: A systematic review,’’ J. Softw. Eng. Appl., vol. 8,
no. 5, pp. 269–283, 2015.

[11] J. G. Guzmán, J. S. Ramos, A. A. Seco, and A. S. Esteban, ‘‘Success factors
for the management of global virtual teams for software development,’’
Int. J. Hum. Capital Inf. Technol. Professionals, vol. 2, no. 2, pp. 48–59,
Apr. 2011.

[12] H. Cicibas, O. Unal, and K. A. Demir, ‘‘A comparison of project man-
agement software tools (PMST),’’ in Software Engineering Research and
Practice, Jul. 2010, pp. 560–565.

[13] M. Niazi, S. Mahmood, M. Alshayeb, M. R. Riaz, K. Faisal, and N. Cerpa,
‘‘Challenges of project management in global software development: Ini-
tial results,’’ in Proc. Sci. Inf. Conf., Oct. 2013, pp. 202–206.

[14] M. Korkala, M. Pikkarainen, and K. Conboy, ‘‘A case study of customer
communication in globally distributed software product development,’’ in
Proc. 11th Int. Conf. Product Focused Softw., Jun. 2010, pp. 43–46.

[15] R. Jain and U. Suman, ‘‘A project management framework for global
software development,’’ ACM SIGSOFT Softw. Eng. Notes, vol. 43, no. 1,
pp. 1–10, Mar. 2018.

[16] N. Saleem, S. Mathrani, and N. Taskin, ‘‘Investigating critical success
factors of project management in global software development: A work
in progress,’’ Decis. Support Syst., vol. 14, no. 2, pp. 1–15, 2019.
[Online]. Available: http://dx.doi.org/10.1016/j.dss.2008.10.005%0A and
www.researchgate.net/profile/Alireza_Amrollahi/publication/264314726_
How_Open_Source_Softwa

[17] M. Radujković and M. Sjekavica, ‘‘Project management success factors,’’
Proc. Eng., vol. 196, pp. 607–615, Jan. 2017.

[18] I. Nurdiani, R. Jabangwe, D. Smite, and D. Damian, ‘‘Risk identification
and risk mitigation instruments for global software development: System-
atic review and survey results,’’ in Proc. IEEE 6th Int. Conf. Global Softw.
Eng. Workshop, Aug. 2011, pp. 36–41.

[19] S. Y. Chadli, A. Idri, J. L. Fernández-Alemán, J. N. Ros, and A. Toval,
‘‘Identifying risks of software project management in global software
development: An integrative framework,’’ in Proc. IEEE/ACS 13th Int.
Conf. Comput. Syst. Appl. (AICCSA), Nov. 2016, pp. 1–7.

[20] M. Marinho, J. Noll, and S. Beecham, ‘‘Uncertainty management for
global software development teams,’’ in Proc. 11th Int. Conf. Quality Inf.
Commun. Technol. (QUATIC), Sep. 2018, pp. 238–246.

[21] J. Lim, ‘‘Examining an effective project management office model for
global software development environments,’’ Ph.D. dissertation, College
Manag. Technol., Walden Univ., Minneapolis, MN, USA, 2012.

[22] S. Misra, R. Colomo-Palacios, P. Soto-Acosta, and T. Pusatli, ‘‘A discus-
sion on the role of people in global software development,’’ Tech. Gazette,
vol. 20, no. 3, pp. 525–531, 2013.

[23] S. Y. Chadli, A. Idri, J. N. Ros, J. L. Fernández-Alemán, J. M. C. de Gea,
and A. Toval, ‘‘Software project management tools in global software
development: A systematic mapping study,’’ SpringerPlus, vol. 5, no. 1,
pp. 1–38, Dec. 2016.

[24] M. El Bajta, A. Idri, J. N. Ros, J. L. Fernández-Alemán, J. M. C. de Gea,
F. García, and A. Toval, ‘‘Software project management approaches for
global software development: A systematic mapping study,’’ Tsinghua Sci.
Technol., vol. 23, no. 6, pp. 690–714, Dec. 2018.

[25] M. Yaseen, M. Ali, A. Ur, S. Nabi, S. Khan, and M. Bacha, ‘‘Practices for
effective software project management in global software development:
A systematic literature review,’’ Int. J. Comput. Appl., vol. 177, no. 36,
pp. 1–6, Feb. 2020.

[26] U. Remus and M. Wiener, ‘‘Critical success factors for managing offshore
software development projects,’’ J. Global Inf. Technol. Manage., vol. 12,
no. 1, pp. 6–29, Jan. 2009.

[27] A. Muhammad, A. Siddique, Q. N. Naveed, U. Khaliq, A. M. Aseere,
M. A. Hasan, M. R. N. Qureshi, and B. Shahzad, ‘‘Evaluating usability
of academic websites through a fuzzy analytical hierarchical process,’’
Sustainability, vol. 13, no. 4, p. 2040, Feb. 2021.

[28] V. Bhoola, ‘‘Impact of project success factors in managing software
projects in india: An empirical analysis,’’ Bus. Perspect. Res., vol. 3, no. 2,
pp. 109–125, Jul. 2015.

[29] P. M. Bosch-Sijtsema andM. Vartiainen, ‘‘Getting it done: Critical success
factors for project managers in dispersed work settings,’’ Int. J. Project
Manage., vol. 31, no. 1, pp. 67–79, 2013.

[30] S. Laato, M. Mäntymäki, A. K. M. N. Islam, S. Hyrynsalmi, and
T. Birkstedt, ‘‘Trends and trajectories in the software industry: Implica-
tions for the future of work,’’ Inf. Syst. Frontiers, vol. 25, pp. 929–944,
Apr. 2022.

[31] A. M. Pereira, R. Q. Goncalves, C. G. Von Wangenheim, and L. Buglione,
‘‘Comparison of open-source tools for project management,’’ Int. J. Softw.
Eng. Knowl. Eng., vol. 23, no. 2, pp. 189–209, 2013.

[32] A. Ahmad, ‘‘Effective distribution of roles and responsibilities in global
software development teams,’’ M.S. thesis, School Comput., Blekinge Inst.
Technol., Karlskrona, Sweden, 2012.

VOLUME 12, 2024 22357



J. Alqahtani et al.: Evaluating Success Factors of Software Project Management in GSD

[33] V. Casey and I. Richardson, ‘‘Practical experience of virtual team soft-
ware development,’’ in Proc. Eur. Softw. Process Improvement (Euro SPI),
Trondheim, Norway, 2004, pp. 3-D.9–13-D.15.

[34] A. E. Akgün, ‘‘Team wisdom in software development projects and its
impact on project performance,’’ Int. J. Inf. Manage., vol. 50, pp. 228–243,
Feb. 2020.

[35] A. Costa, F. Ramos, M. Perkusich, E. Dantas, E. Dilorenzo, F. Chagas,
A. Meireles, D. Albuquerque, L. Silva, H. Almeida, and A. Perkusich,
‘‘Team formation in software engineering: A systematic mapping study,’’
IEEE Access, vol. 8, pp. 145687–145712, 2020.

[36] M. Noor and Z. A. Rana, ‘‘Towards better knowledge management in
global software engineering,’’ in Proc. 4th Int. Conf. Comput. Inf. Sci.
(ICCOINS), Aug. 2018, pp. 1–6.

[37] S. G. Shiva, S. B. Lee, L. A. Shala, and C. B. Simmons, ‘‘Knowledge man-
agement in global software development,’’ Int. J. Distrib. Sensor Netw.,
vol. 5, no. 1, p. 6, 2009.

[38] M. Zahedi, M. Shahin, and M. A. Babar, ‘‘A systematic review of knowl-
edge sharing challenges and practices in global software development,’’
Int. J. Inf. Manage., vol. 36, no. 6, pp. 995–1019, Dec. 2016.

[39] E. H. M. Huzita, G. C. L. Leal, R. Balancieri, T. F. C. Tait, E. Cardoza,
R. R. d. M. Penteado, and R. L. Vivian, ‘‘Knowledge and contextual
information management in global software development: Challenges and
perspectives,’’ in Proc. IEEE 7th Int. Conf. Global Softw. Eng. Workshops,
Aug. 2012, pp. 43–48.

[40] A. Taweel and P. Brereton, ‘‘Modelling software development across time
zones,’’ Inf. Softw. Technol., vol. 48, no. 1, pp. 1–11, Jan. 2006.

[41] Q. N. Naveed, A. I. Qahmash, M. R. N. Qureshi, N. Ahmad,
M. A. A. Rasheed, and M. Akhtaruzzaman, ‘‘Analyzing critical success
factors for sustainable cloud-based mobile learning (CBML) in crisp and
fuzzy environment,’’ Sustainability, vol. 15, no. 2, p. 1017, Jan. 2023.

[42] T. L. Saaty, ‘‘Decision making with the analytic hierarchy process,’’ Int. J.
Services Sci., vol. 1, no. 1, pp. 83–98, 2008.

[43] Q. N. Naveed, M. R. N. Qureshi, A. O. Alsayed, A. Muhammad,
S. Sanober, and A. Shah, ‘‘Prioritizing barriers of E-learning for effec-
tive teaching-learning using fuzzy analytic hierarchy process (FAHP),’’ in
Proc. 4th IEEE Int. Conf. Eng. Technol. Appl. Sci. (ICETAS), Nov. 2017,
pp. 1–8.

[44] E. A. d. Santos, D. G. B. de Souza, and C. E. S. da Silva, ‘‘What matters
in hiring professionals for global software development? A SLR and NLP
criteria clustering,’’ IEEE Trans. Eng. Manag., early access, Jun. 30, 2023,
doi: 10.1109/TEM.2023.3279769.

[45] C. Kahraman, U. Cebeci, and D. Ruan, ‘‘Multi-attribute comparison of
catering service companies using fuzzy AHP: The case of Turkey,’’ Int.
J. Prod. Econ., vol. 87, no. 2, pp. 171–184, 2004.

[46] A. Kaufman and M. M. Gupta, Introduction to Fuzzy Arithmetic: Theory
and Applications. New York, NY, USA: Van Nostrand Reinhold Company,
1991.

[47] D.-Y. Chang, ‘‘Applications of the extent analysis method on fuzzy AHP,’’
Eur. J. Oper. Res., vol. 95, no. 3, pp. 649–655, 1996.

JARALLAH ALQAHTANI received the M.S.
degree from the Illinois Institute of Technology,
and the Ph.D. degree from Oregon State Univer-
sity, USA. Since 2022, he has been an Assistant
Professor with the College of Computer Sci-
ence and Information Systems, Najran University,
Saudi Arabia. He specializes in data center net-
works, cloud computing, machine learning, and
artificial intelligence.

ANSAR SIDDIQUE received the Ph.D. degree
from International Islamic University, Islamabad.
He is currently a Senior Associate Professor with
the Department of Computer Sciences, Bahria
University, Lahore Campus (BULC), Pakistan.
He has many years of experience in teaching,
research, and educational administration. He has
published his work in different journals and pro-
ceedings of international conferences. His research
interests include e-learning, adaptive learning sys-

tems, ICT integration in education, usability, and software engineering. He is
serving as a reviewer for several refereed international journals and the IEEE
sponsored conferences.

ALI M. ASEERE received the Ph.D. degree in com-
puter science from the University of Southampton,
U.K., in 2012. He is currently the Dean of the
College of Computer Science, King Khalid Uni-
versity, Abha, Saudi Arabia. He has published
many research articles in refereed international
journals/proceedings/books. His research inter-
ests include intelligent and multi-agent systems,
agent-based models, agent mining, and image pro-
cessing.

AREEJ ALASIRY received the B.Sc. degree in information systems from
KingKhalid University, Abha, Saudi Arabia, and theM.Sc. degree (Hons.) in
advanced information systems and the Ph.D. degree in computer science and
information systems from the Birkbeck College, University of London, U.K.,
in 2010 and 2015, respectively. She is currently an Assistant Professor with
the College of Computer Science, King Khalid University. She also holds
the position of the College Vice Dean for Graduate Studies and Scientific
Research. Her research interests include machine learning and data science.

QUADRI NOORULHASAN NAVEED received
the Ph.D. degree in information technology
from the Department of Information Systems,
Kulliyyah of Information and Communication
Technology (KICT), International Islamic Univer-
sity Malaysia (IIUM), Kuala Lumpur. He was
an IT Engineer with Saudi Aramco and Riyad
Bank, Saudi Arabia. He is currently teaching with
the College of Computer Science, King Khalid
University, Saudi Arabia. He has many publi-

cations in refereed/indexed international journals and IEEE, ACM, and
Scopus-Springer sponsored conferences. His current research interests
include e-learning, m-learning, cloud computing, cloud-based e-learning
systems, and technology-enhanced learning. He is a reviewer and an inter-
national advisory board of several conferences and journals.

22358 VOLUME 12, 2024

http://dx.doi.org/10.1109/TEM.2023.3279769

