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Abstract—There has been an enormous increase in globaliza-
tion that has led to more cooperation and competition across
boundaries. Software engineering, particularly distributed soft-
ware development (DSD) and global software development (GSD),
is evolving rapidly and presents several challenges, such as ge-
ographical separations, temporal differences, cultural variations,
and management strategies. As a result, a variety of situational
factors (SFs) arise that causes challenging problems in software
development. Both literature and real world software industry
study revealed that the extent of the effect of SFs may vary subject
to a certain software project. Project executives should need to
concentrate on the right SFs for the successful development of a
specific project. This work first examines the optimal and most
well-balanced GSD-related SFs and then presents a mechanism
for prioritizing the SFs to better understand the extent to which
an SF generally affects the GSD. A set of 56 SFs in 11 categories
is identified and analyzed in this research. A fuzzy set theory
based, multi criteria decision making (MCDM) technique, fuzzy
analytical hierarchy process (FAHP) was proposed to extract
the SFs that have the strongest effects on GSD. The proposed
technique is intelligent and automated and can be customized to
suit specific conditions and environments. Thus, it can provide
support for a much-needed variation that is the hallmark of
such software development environments. A case study of a global
company working in collaboration on a project JKL was selected
to identify and prioritize the most challenging SFs. A sensitivity
analysis is carried out to evaluate the extent of the impact for
highly ranked SFs related to JKL project.

Keywords—Global software development (GSD); Situational
Factors (SFs); Fuzzy Analytic Hierarchy Process (FAHP); Multi
criteria decision-making (MCDM); fuzzy set theory; sensitivity
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I. INTRODUCTION

Software development has become one of the main busi-
nesses due to the growing demand for high-quality software
and the huge investments in software projects. This trend has
led to distributed and globally disseminated software develop-
ment companies, making the development process even more

complex. Distributed software development (DSD) and global
software development (GSD) appear to be more plentiful due
to the shorter time span and lower costs, and benefit from
the most competent programmers and developers from around
the world [1], [2]. Both DSD and GSD consist of companies
and staffs from different geographic sites working together
to achieve the stated mission [3]. Although GSD strategies
are very advantageous in providing quality software products,
there are many difficulties [4], [5] in managing software
development activities.

Requirement engineering (RE) is the first stage in software
development, and it plays a critical role in the development of
a successful software project [6]. The vital objective of RE is
to recognize and realize the stakeholder’s concerns and develop
high-quality software projects. In a rapidly changing business
environment, requirements change continuously to fulfil a
user’s demand, depending on their location. An organization
must have RE that addresses the organization’s business policy
and manages the requirements according to that policy [7].
Basically, the most commonly followed policy in the software
development process is that it should fit the needs of the project
[8]. In practice, the generation of concrete requirements for a
software project is not separate from the development process.
However, the developers (team) with certain technical skills
(knowledge) are capable of authenticating the definition of the
specified requirements. In turn, the requirements are dependent
on the project’s nature, the project’s content and the prevailing
organizational structure. A variety of external circumstances,
such as statutory requirements and technical limitations, are
enforced by superficial authorities (stakeholders) [9]-[11].
These factors are observed to have a strong influence on the
software development and may be linked to the organization,
management, human capital, techniques/tools, and social and
economic aspects. In the literature, these factors are termed
“situational factors” (SFs).

Every project has different working environment and sur-
roundings, so there are different SFs that influence the develop-
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ment of the project. A rich body of literature has been observed
in different areas of requirement engineering, and there are
many SFs that influence the software development process
as a whole [12]. SFs must be evaluated before making any
decision about the best process to use for software development
[13]. Commonly observed results from the previous literature
indicate that situational factors have a strong impact on GSD.
It is possible that different projects have the same influencing
SFs, but the extent to which a factor can affect a project
may vary. To date, the research works have merely listed
SFs based on the literature without depicting the extent of
their importance, and they lack industrial evidence (refer to
Section 2). These factors captivate many of the developmental
efforts and create many disputes, such as those in project
planning, management, and implementation issues. Therefore,
identifying these factors’ importance (i.e., the extent to which
a particular factor is important) at a low level and making
them visible are necessary to enhance their manageability
and measurability. It results in a detailed, up-to-date and
contextually sound software development activity management
that supports for the fruitful development of software projects
at a global level.

The aims of this paper are to provide a framework by
employing Fuzzy Analytic Hierarchy Process (FAHP) that
determines the relative importance of each situational factor
for better decision making and to strengthen the findings of the
existing research. Analytic Hierarchy Process (AHP) is used
to compute the relative importance of the SFs and an in-depth
evidence is produced in an organized way. Although AHP has
been extensively employed to solve multi criteria decision-
making (MCDM) problems, it has some limitations. Therefore,
fuzzy logic is introduced into the pairwise comparison to
compensate for the discrepancies in the conventional AHP.
The significant contribution of the fuzzy modeling is that
it is able to build and formulate to impersonate the real
world comportment even when data provided is ambiguous
and hardly precise. Conversely, for the SFs accompanying
uncertainty with them, rational values can be calculated. The
use of MS Excel eradicates the need for extra software, so the
process is cheaper to implement. Our work reports that the
practical endorsements that arise from it will aid in accessing
the base data required for decision makers to develop policies
to enhance GSD.

The rest of the paper is organized as follows. Section II
gives an overview of the literature on SFs. Section III gives a
comprehensive explanation of the AHP and FAHP approaches.
Section IV elaborates on the research procedure employed.
Section V describes the results inferred by applying FAHP
to a case study to determine the extent of SFs and validates
the results through a sensitivity analysis. Section VI precisely
concludes the paper with future perspectives.

II. LITERATURE REVIEW

Over the last decade, a great change in software devel-
opment has been observed, as has a strong emphasis on the
significance of inconsistent situations for effective SD [14].
Ghosh et al. [15] stated that it is complicated to manage
requirements at a global level. According to Hanisch et al. [16],
considering a virtual domain makes requirement engineering
more complex. Therefore, effective requirement handling and

quality software development must focus on the software
development context. Michael et al. [17] emphasized three
contexts: the organization, the environment and the project. In
their study, they illustrate the need to consider these contexts
in order to have a quality outcome. Their work makes other
researchers think in these terms, Cameron argued that the soft-
ware projects need to organize their developmental processes
by considering various factors that subsidize the variation in
projects and he pinpointed five tailoring factors [18].

In [19], the authors classify the software development
environment factors in four categories: Project, Team, External
Stakeholders, and Organization. They also suggested a model
for tailoring software process that laid the foundation and set
the dimensions for the classification of environmental factors.
Ghosh et al. [20] followed the work done in [19] and examined
the factors that influence the tailoring of the software decision
process. Another study [21] investigated and identified the
SFs within an organization. In another research work [22],
the authors observed the influence of SFs from the aspects
of technology-based self-service and the attitudes toward the
service. Daniela [23] generated a list of problems, challenges
and affected RE phases across multi-sites. Clarke et al. [12]
created a list of SFs that influence software development
through a systematic literature review (SLR) that use the data
coding techniques employed in Grounded Theory [24]. There
is no doubt that their framework is an initial move towards
advanced development in this direction, but it discussed the
facts generally. Since the aspects of the GSD are missing in
this framework, there are many SFs that may be particularly
geographically site dependent and need to be identified, and
assessing their influence on the accomplishment of a software
project is imperative [25], [26].

In a more recent research work on SFs in GSD, Huma
et al. followed the work done by Daniela et al. [23] and
Clarke et al. [12] and performed an SLR to identify situational
factors [9]. They also used data coding techniques based on
Grounded Theory to create a list of 37 SFs that was considered
sufficiently comprehensive to define the RE process in the GSD
environment. However, the limitations of the study were that
the SFs were identified on the basis of the reviewed literature
and that it lacked recommendation from the software industry.
Therefore, many SFs remain to be identified, both within the
organization and globally.

So far, it is obvious from the above literature that many
works (given in the Appendix) have considered the importance
of SFs in software project development. Researchers have
suggested that it is necessary for scholars and experts alike to
focus on improving the understanding of the situational context
while developing software projects [27]. However, not a single
study has comprehensively covered the identification and the
importance of all the SFs in a GSD environment. The scarcity
of such framework is the cause of the limited recognition of
the primary constraints and features of GSD. Thus, in this
work, efforts are made to determine the most important SFs
in a GSD environment that were not found in [28] and [9].
Hence, in view of the importance of SFs in software project
development, we consider both the literature and the industrial
perspective to prioritize them and devise a more comprehensive
framework with the latest technique, which is indeed a need.

The authors of this work have long worked to incorporate
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artificial intelligence into various areas of requirement engi-
neering [29], [30]. Now, they are focusing on implementing
intelligent frameworks for SFs by integrating fuzzy logic with
the AHP. The AHP was first introduced by Saatay [31] and is a
widely accepted MCDM tool for successful weight estimation.
However, traditional AHP restricts to consider rationalism in
human decisions [32]. Therefore, of the important informa-
tion related to vital factors cannot be precisely determined.
However, these values could be measured in a more accurate
way by replacing the crisp numbers with fuzzy numbers.
Zadeh [33] proved logically that fuzzy logic permits us to
transform linguistic measures into crisp measures with the help
of membership functions, and many researchers have shown
that fuzzy logic gives more adequate results. Fuzzy AHP is
the extension of Saaty’s theory and was proposed by Van
Laarhoven and Pedrycz [34]. They employed triangular fuzzy
numbers and the logarithmic least squares method (LLSM) to
calculate the fuzzy weights to determine priority. Buckley [35]
determined the fuzzy comparison ratios by using trapezoidal
fuzzy numbers. Xu [36] proposed a fuzzy least squares priority
method (LSM). Mikhailov [37] introduced a fuzzy preference
programming method (PPM) to calculate the crisp weights
from fuzzy comparison matrices. Wang [38] used FAHP to
select the best maintenance strategies. Whenever there is
uncertainty in prioritizing one factor over another, fuzzy logic
be incorporated with AHP to deal with the complexity. Sun
Chia-Chi integrated the fuzzy AHP with Fuzzy TOPSIS [39].
Many other researchers have shown that the fuzzy AHP gives
more adequate explanations in the decision-making practice
compared to the traditional AHP technique [40]. In the next
section, we concisely discuss the AHP and fuzzy AHP ap-
proaches.

III. AHP APPROACH AND FUZZY AHP APPROACH

A. AHP Approach

AHP is a vigorous decision-making technique for com-
puting the preferences among given criteria by matching the
alternatives for each criterion to calculate an inclusive rank
among the given alternatives. The basic AHP method consists
of the following steps:

• Construct a hierarchical structure that shows the fun-
damental components of the problem and the associ-
ations between them.

• Make a pairwise comparison to determine the relative
weights of the factors of the decision criteria by
eliciting experts’ opinions. The Saaty scale (Table I)
is used for this purpose.

• After finalizing the pairwise comparison, calculate
the local priorities from the judgment matrices; these
judgments are denoted with meaningful numbers.

• Find the Consistency Ratio (CR) that is the measure
of the consistency of judgments made by the experts.

• Finally, obtain the ultimate or global priorities by
incorporating the numbers gained in the preceding step
to calculate the final priorities of the components of
the hierarchy.

TABLE I. SAATY’S SCALE FOR PAIRWISE COMPARISON [31]

Saaty’s scale The Relative Significance of Elements
1 Equally important (both are equal)
3 Moderately important (one over another)
5 Strongly important
7 Very strongly important
9 Extremely important
2;4;6;8 Intermediate values

Because AHP is limited in that it does not appropriately
handle the vagueness associated with the experts’ judgments,
fuzzy logic comes into play.

B. Fuzzy AHP Approach

To address the ambiguity issues, the Fuzzy AHP is a
credible blend of the pairwise comparison matrix of experts’
opinion and fuzzy set theory. Hence, it has become famous
for solving multi-attribute decision making (MADM) problems
and providing a more precise ranking methodology [41]. All
the steps involved in fuzzy AHP are the same as in AHP
except for the fuzzy representation of the pairwise comparison
by triangular fuzzy numbers (TFNs) [42]. To represent TFNs
in the pairwise comparison, three real numbers are stated as
a triple (l,m,u), whereas in the fuzzy AHP method, despite
having distinct numbers, the numbers 1-9 symbolize triangular
fuzzy numbers that handle the vagueness and imprecision in
the pairwise priority values of the criteria involved. The fuzzy
set definition of the five triangular fuzzy numbers described by
the compatible membership function is shown in Fig. 1 and
Table II. In fuzzy set theory, if an entity has a membership,
then it is symbolized by 1, and if it has no membership, then
it is symbolized by 0. Suppose that the universe of discourse
is represented by u and that l(x) is the membership function
that lies in [0, 1]. Mathematically, the membership function
for the triangular type fuzzy numbers is defined as (1).

oµ(x) =


0 x<1
x−1
m−1 l ≤ x≤ m
u−x
u−m m≤ x≤ u
0 x>u

(1)

In (1), u and l stand for the upper and lower limits of the
fuzzy number M, respectively, and m is the medium value of
M. If a TFN can be represented by M = li j, mi j, ui j, we suppose
that li j<mi j<ui j when i 6= j , where i and j = 1,2,3, ,n.
When i = j, then Mi j = Mii = (1 1 1). Therefore, an accurate
priority vector w = (w1,w2, . . . ,wn)

T that is a consequence of
the judgment matrix can essentially satisfy the inequities. The
addition of two fuzzy triangular numbers Mi = (li,mi,ui) and
M j = (l j,m j,u j) is shown below, and other operations are done
in the same way.

Mi⊕M j = (li,mi,ui)⊕ (l j,m j,u j)

= (li + l j,mi +m j,ui +u j)
(2)

Chang proposed extent analysis in [44]. By adapting his
formula, the extent analysis values for each element can be
calculated as follows:

ct
i j = [ct

i j,c
t
i j,c

t
i j], i, j = 1,2, . . . ,nk, t = 1,2 (3)
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Fig. 1. Triangular fuzzy numbers.

TABLE II. DEGREE OF IMPORTANCE AND FUZZY NUMBERS [43]

Intensity of Triangular Intensity of Triangular
Importance Fuzzy Scale Importance Fuzzy scale

1 (1,1,1) 1/1 (1/1,1/1, 1/1)
3 (1,3,5) 1/3 (1/5,1/3, 1/1)
5 (3,5,7) 1/5 (1/7,1/5 1/3)
7 (5,7,9) 1/7 (1/9,1/7, 1/5)
9 (7,9,11) 1/9 (1/11,1/9, 1/7)

‘T ’ is a TFN given by the tth expert and kth formula.

ck
i j =

1
T

⊗
(c1

i j + c2
i j + · · ·+ cT

i j) (4)

By introducing TFNs, we can describe the steps for fuzzy
AHP as follows:

Step I: The value of the fuzzy synthetic extent with respect
to the ith object S is calculated, and the triangular fuzzy
comparison matrix is articulated as

Ã =


(1,1,1) C̃12 · · · C̃1n

C̃21 (1,1,1) · · · C̃2n
...

...
. . .

...
C̃n1 C̃n2 · · · (1,1,1)

 (5)

Then, the value of the fuzzy synthetic extent with respect
to the ith object is given by

Sk
j = ∑

n
j=1Ck

i j

⊗
(∑ nk

i=1 ∑
nk
j=1Ck

i j)
−1,

i = 1,2, . . . ,nk
(6)

Step II: After getting the synthetic extent value, calculate
the degree of possibility of one fuzzy number that is deter-
mined to be greater than the other. It is computed as follows:

V (M1 ≥M2) = supx≥y(min(µM1(x),µM2(y)))
V (M1 ≥M2) = 1 i f m1 ≥ m2

(7)

V (M1 ≥M2) = hgt(M1∩M2) = µM1(d)
V (M1 ≥M2) = hgt(M1∩M2)

=
l1−u2

(m2−u2)− (m1− l1)

(8)

Step III: Determine the minimum degree of possibility [38].

V (M ≥M1,M2, · · · ,Mk) =V (M ≥M1) and (M ≥M2)

and · · ·and(M ≥Mk) = min V (M ≥Mi), i = 1,2, . . . ,k
(9)

i f
d′(Si) = minV (Si ≥ Sk) (10)

then
W ′ = (d′(S1),d′(S2), . . . ,d′(Sn))

T (11)

Where S = (1,2,3, . . . ,n) means a matrix having n ele-
ments.

Step IV: Normalized weight vectors are obtained by divid-
ing the elements in each column by the sum of that column,
adding the elements in each consequent row and dividing this
sum by the number of elements in the row using the formula
given below:

W = (d(S1),d(S2), . . . ,d(Sn))
T , (12)

The ultimate weight of each element is determined by the
multiplication of the criteria, and the matrix is achieved by
computing each alternative with respect to each element.

IV. RESEARCH PROCEDURE

A. Research Strategy

Design research involves analyzing situations and the effect
that they have on the design of system artifacts. This process
can help software engineers and developers discover the fun-
damental restraints and aspects of software development. In
addition to the literature survey, the overall process used here
consisted of two studies that were conducted in two sessions.
The first occurred in Pakistan, and the second was conducted in
China. These included interviews, and the data were gathered
using online surveys on different survey platforms. The final
aim is to incorporate all the research studies and bring an
overall perspective to the following research questions:

RQ1:: What are the SFs involved in GSD?

RQ2:: Determine the extent (relative importance) to
which each SF (depending on their sub-factors) influences
a particular software project development to find the most
important SFs.

The research design series begins with a problem statement.
A research proposal is made to conduct research. In the first
stage, the literature review and online survey are conducted, on
the basis of which the salient SFs are listed and then confirmed
by the opinions of experts from the software industry and the
scientific research community. In the online questionnaire and
interviews, the participants specify the values against each SF
based on their experience in their working environment (co-
located, distributed, and global). Fig. 2 shows the research
procedure.

B. Data collection and Analysis

In this paper, through an in-depth study of the available
literature on SFs and surveys and interviews with managers
and experts from the companies involved in software de-
velopment, we prepared an inventory by collecting experts’
and researchers’ perspectives on the SFs related to GSD.
The research’s statistical sample consisted of 84 total experts,
including middle managers, experts and practitioners who re-
sponded to the questionnaire survey. Among these, 40 experts
from four companies, COEUS and Oveucs in Pakistan and
Premier BPO and Henan 863 Software Incubator in China,
with at least 5-10 years of experience were interviewed. The
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Fig. 2. Research procedure.

demographics of the experts are given in Table III. After
defining the 11 key SFs, we mined 56 sub-factors, which are
presented in Fig. 3 (answer to RQ1) criteria dened in the AHP.
They selected which SF was more important in a pairwise
comparison and rated the degree of significance on a scale of
1 to 9 (answer to RQ2). The SFs discussed are not particularly
associated with a specific development methodology, but they
can generally be applied to any project, regardless of the
projects structure or the developmental practice. In the next
section, a case study is demonstrated, which was conducted
in a multi-site software company in Pakistan for which the
most influencing SFs are determined by applying Fuzzy AHP
methodology.

TABLE III. RESPONDENT’S DEMOGRAPHICS

Linguistic input Number
Gender Male 72

Female 12
Total 84

Designation Project Manager 10
Project Team Leader 09
Software Developer 19
Software Analyst 10
Software Architect 10
System Designer 26

Total 84
Working Experience Project Manager 10

1-5 20
5-10 26
11-15 16
Less than a year 17
More than 15 years 5

Total 84

V. CASE STUDY

The case study is carried out in a global company working
in collaboration with two other global companies to determine
the extent to which an SF can affect the SD (RQ2). The
selected company is amongst the foremost development com-
panies in Pakistan, China and Germany and develops a wide
range of software products for assistance in the real world.
We consider a project say JKL which is a collaboration effort
between three working sites residing in Lahore, Pakistan and
Zhengzhou China, and Berlin Germany. The time and resource
constraints had bound us to visit two countries, Pakistan and

Fig. 3. Situational factors.

China. The project consists of four modules, divided among
three sites for completion, separately and integrated after
finishing.

The motivation of GSD that hiring skilled experts at low
cost, mainstream of development activity, including designs
and codes for three modules is taking place at Lahore site as
wages in Pakistan are less. Some of Pakistani are also working
in Berlin and Zhengzhou due to extraordinary earnings. The
Chinese company involves in the requirements phase and one
module is developed in Berlin that is sent to Lahore after
completion. The development process starts after getting a fi-
nalized requirements specification document from Zhengzhou.
Requirement specification (RS) is analyzed and comprehensive
design is planned in Lahore. For coordination among different
site the way of communication is the only means of email
and Skype and WeChat. After sketching the detailed design
the communication among sites is off and on regarding major
concerns. For integration the server at Zhengzhou and testing
for integration took place in Lahore and Berlin for modules
assigned to them respectively.

A. Results of the Implication of Fuzzy AHP Method to JKL
Project

Initially, we employed the above SF model (Fig. 3) for the
selected case study. The adaptability of the model is confirmed
practically through in-depth conversations with the project
manager and development team. Among the gathered data are
the experts’ perspective about all the activities affected by the
SFs at each site. The SFs are prioritized on the base of the
importance values given by the experts. The Stepwise Fuzzy
AHP procedure to calculate the global weights of SFs for JKL
project in the GSD is described below.

The Stepwise Fuzzy AHP procedure to calculate the global
weights of SFs for a project GSD is described below.

Step 1: For the expert opinions are concerned, the relative
influences are gathered. The first step is to break the problem
down into a hierarchical structure for the prioritization of SFs
(shown in Fig. 4). The expert opinions are accommodated in
a hierarchical structure by employing the following terms for
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given SFs:
ORG = Organization
DIS = Distance
KMS = Knowledge Management and Sharing
TRU = Trust
SH = Stakeholder
CCC = Collaboration, Communication and Coordination
PRO = Project
TNT = Tools and Technology
TM = Team
NCASN = National Culture and Social Norms
PF = Physical Factors

Fig. 4. Analytic hierarchy structure.

The three levels of an AHP model for the prioritization
of SFs affecting the JKL project development are shown in
Fig. 5, which also presents the structural relationship between
the SFs. The first level states the main factors (Table IV) of
this research, which are attained by estimating the impact of
the sub-factors of the second (Table V) or successive levels.
Comparison matrices are created in the same manner for
all other criteria and sub-criteria (factors and sub-factors).
(Matrices are shown only for main criteria and a sub-criteria
under organization due to space limitations.)

TABLE IV. INITIAL COMPARISON MATRIX REPRESENTING THE KEY
FACTORS

ORG DIS KMS TRU SH CCC PRO TNT TM NCASN PF
ORG 1.00 3.00 1.00 1.00 2.00 1.00 1.00 2.00 1.00 1.00 3.00
DIS 0.33 1.00 0.33 0.33 0.50 0.33 0.33 0.50 0.33 0.33 1.00

KMS 1.00 3.00 1.00 1.00 2.00 1.00 1.00 0.50 1.00 1.00 3.00
TRU 1.00 3.00 1.00 1.00 2.00 1.00 1.00 2.00 1.00 1.00 3.00
SH 0.50 2.00 0.50 0.50 1.00 0.50 0.50 1.00 0.50 0.50 2.00

CCC 1.00 3.00 1.00 1.00 2.00 1.00 1.00 2.00 1.00 1.00 3.00
PRO 1.00 3.00 1.00 1.00 2.00 1.00 1.00 2.00 1.00 1.00 3.00
TNT 0.50 2.00 2.00 0.50 1.00 0.50 0.50 1.00 0.50 0.50 2.00
TM 1.00 3.00 1.00 1.00 2.00 1.00 1.00 2.00 1.00 1.00 3.00

NCASN 1.00 3.00 1.00 1.00 2.00 1.00 1.00 2.00 1.00 1.00 3.00
PF 0.33 1.00 0.33 0.33 0.50 0.33 0.33 0.50 0.33 0.33 1.00

Step 2: After making a hierarchical structure, an initial
comparison matrix is generated. The consistency check proves
the validity of the data because the overall consistency is less
than 0.1.

TABLE V. INITIAL COMPARISON MATRIX REPRESENTING THE KEY
FACTORS

ORS OST OSTD OC OP OPR OREG OE OSTR OS
ORS 1.00 3.00 3.00 1.00 3.00 1.00 3.00 1.00 3.00 3.00
OST 0.33 1.00 1.00 0.33 1.00 0.33 1.00 0.33 1.00 1.00

OSTD 0.33 1.00 1.00 0.33 1.00 0.33 1.00 0.33 1.00 1.00
OC 1.00 3.00 3.00 1.00 3.00 1.00 3.00 1.00 3.00 3.00
OP 0.33 1.00 1.00 0.33 1.00 0.33 1.00 0.33 1.00 1.00

OPR 1.00 3.00 3.00 1.00 3.00 1.00 3.00 1.00 3.00 3.00
OREG 0.33 1.00 1.00 0.33 1.00 0.33 1.00 0.33 1.00 1.00

OE 1.00 3.00 3.00 1.00 3.00 1.00 3.00 1.00 3.00 3.00
OSTR 0.33 1.00 1.00 0.33 1.00 0.33 1.00 0.33 1.00 1.00

OS 0.33 1.00 1.00 0.33 1.00 0.33 1.00 0.33 1.00 1.00

Step 3: A fuzzy judgment matrix for every factor at each
level is established. On the basis of the expert opinion, the
linguistic terms (Table I) are assigned to the pairwise compar-
isons using Table II [43]. According to which a scale of fuzzy
numbers representing a membership function by employing
three arguments is described showing the range for which the
function is defined (Tables VI and VII).

Step 4: Calculate the sum of the rows of factors and sub-
factors based on different criteria to give a composed fuzzy
column matrix.

Step 5: Calculate the integrated fuzzy expansion to deter-
mine the synthetic extent by employing (6). The same method
applies to each SF and sub-factor at each level to compute the
fuzzy synthetic extent. The combined output of Steps 4 and 5
are shown in Tables VIII and IX.

Step 6: When the synthetic extent is assessed, the synthetic
value or the degree of possibility that one fuzzy number is
greater than the other can be determined by using (7) to (10).
The resulting Composed Crisp Matrix that screens the degree
of possibility is shown in Tables X and XI.

Step 7: Determine the minimum degree of possibility, and
normalize the values. A comparison of all the synthesized
values under the main criteria is made. The minimum value of
each factor is calculated. The sum of each factor divided by
the sum of the column will determine the preference of that
factor on that level. By applying (12), the normalized values
are calculated, as shown in Tables XII and XIII.

Step 8: According to [12], using the normalization process,
we can get the final weights, as shown in Fig. 5 and 6 for level
1 and level 2, respectively.

Fig. 5. Overall weight score of the key SFs in GSD.

These results are highlighted by identifying the most sig-
nificant SFs. Through a precise assessment of the extent of
the factors, sorted from highest to lowest, on software project
development, we can accelerate the process of improving
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TABLE VI. INTEGRATED FUZZY COMPARISON MATRIX AT LEVEL 1 FOR MAIN CRITERIA

ORG DIS KMS TRU SH CCC PRO TNT TM NCASN PF
ORG 1 1 1 1.1722 1.8503 2.4416 1.0085 1.2279 1.4941 0.4491 0.6261 0.9578 0.7534 0.9941 1.3041 0.6812 0.8531 1.0937 0.6482 0.8240 1.1161 0.7340 1.0000 1.3625 0.7340 0.9659 1.2897 0.5468 0.7030 0.9857 1.1420 1.7052 2.3446
DIS 0.4096 0.5405 0.8531 1 1 1 0.5234 0.6888 1.0059 0.3280 0.4131 0.5530 0.4643 0.5842 0.7887 0.4114 0.5237 0.7131 0.3653 0.4842 0.7383 0.4468 0.5777 0.8007 0.4268 0.5643 0.8123 0.3480 0.4313 0.5876 0.7450 1.0053 1.3501

KMS 0.6693 0.8144 0.9915 0.9941 1.4517 1.9105 1 1 1 0.4307 0.5501 0.7426 0.6335 0.8218 1.0746 0.5394 0.6988 0.9330 0.5728 0.6750 0.8531 0.5683 0.7688 1.0565 0.5758 0.7754 1.0845 0.4794 0.5911 0.7913 1.0032 1.4180 1.8821
TRU 1.0441 1.5971 2.2264 1.8084 2.4208 3.0483 1.3465 1.8180 2.3219 1 1 1 1.1487 1.7017 2.1633 1.0353 1.3741 1.6535 0.9603 1.3741 1.7826 1.0873 1.5878 2.0477 1.1096 1.4517 1.7561 0.8481 1.1487 1.4689 1.7653 2.3365 2.8297
SH 0.7668 1.0059 1.3273 1.2679 1.7118 2.1537 0.9306 1.2168 1.5784 0.4623 0.5876 0.8706 1 1 1 0.6224 0.8123 1.1555 0.6711 0.8240 1.0781 0.7754 0.9659 1.2207 0.6808 0.9521 1.3822 0.5631 0.7277 0.9857 1.1154 1.6141 2.2045

CCC 0.9143 1.1722 1.4680 1.4023 1.9094 2.4307 1.0718 1.4310 1.8541 0.6048 0.7277 0.9659 0.8654 1.2311 1.6066 1 1 1 0.7340 1.0000 1.3625 0.8960 1.1722 1.4603 0.9603 1.1161 1.3153 0.6675 0.8531 1.1161 1.2738 1.8325 2.5405
PRO 0.8960 1.2136 1.5427 1.3545 2.0651 2.7378 1.1722 1.4814 1.7457 0.5610 0.7277 1.0414 0.9276 1.2136 1.4902 0.7340 1.0000 1.3625 1 1 1 0.7754 1.1892 1.6973 0.8311 1.1722 1.5743 0.7277 0.9089 1.1227 1.2772 1.8821 2.5519
TNT 0.7340 1.0000 1.3625 1.2490 1.7310 2.2382 0.9466 1.3007 1.7596 0.4884 0.6298 0.9197 0.8192 1.0353 1.2897 0.6848 0.8531 1.1161 0.5892 0.8409 1.2897 1 1 1 0.7866 0.9521 1.2272 0.5743 0.7071 0.9799 1.2200 1.6180 2.0221
TM 0.7754 1.0353 1.3625 1.2311 1.7721 2.3431 0.9221 1.2897 1.7366 0.5695 0.6888 0.9013 0.7235 1.0503 1.4689 0.7603 0.8960 1.0414 0.6352 0.8531 1.2033 0.8149 1.0503 1.2712 1 1 1 0.5548 0.7174 1.0205 1.2813 1.7063 2.1545

NCASN 1.0145 1.4226 1.8287 1.7017 2.3186 2.8736 1.2638 1.6917 2.0858 0.6808 0.8706 1.1791 1.0145 1.3741 1.7758 0.8960 1.1722 1.4981 0.8907 1.1002 1.3741 1.0205 1.4142 1.7412 0.9799 1.3940 1.8026 1 1 1 1.5225 2.2062 2.7950
PF 0.4265 0.5864 0.8757 0.7407 0.9947 1.3422 0.5313 0.7052 0.9968 0.3534 0.4280 0.5665 0.4536 0.6196 0.8965 0.3936 0.5457 0.7851 0.3919 0.5313 0.7830 0.4945 0.6180 0.8197 0.4641 0.5861 0.7805 0.3578 0.4533 0.6568 1 1 1

TABLE VII. INTEGRATED FUZZY COMPARISON MATRIX AT LEVEL 2 FOR THE SUB CRITERIA ORGANIZATION

ORS OST OSTD OC OP OPR OREG OE OSTR OS
ORS 1 1 1 0.8531 1.0880 1.3660 0.7030 0.9227 1.2136 0.8409 0.9833 1.1487 1.3007 1.6465 2.0224 0.8123 1.0259 1.3007 1.0000 1.1406 1.3083 0.6693 0.8027 0.9857 1.0503 1.3161 1.6013 1.1256 1.4333 1.7978
OST 0.7320 0.9191 1.1722 1 1 1 0.6929 0.8734 1.1096 0.7426 0.8960 1.0937 1.2821 1.5465 1.8503 0.8409 1.0000 1.1892 0.9466 1.2143 1.5157 0.6693 0.7825 0.9330 1.0000 1.1746 1.3741 1.1031 1.3333 1.5878

OSTD 0.8240 1.0838 1.4226 0.9013 1.1450 1.4432 1 1 1 0.8409 1.0565 1.3195 1.5919 1.9509 2.2914 0.9330 1.1450 1.3940 1.1096 1.3110 1.5247 0.7174 0.8960 1.1323 1.1892 1.3730 1.5468 1.1892 1.5069 1.8601
OC 0.8706 1.0170 1.1892 0.9143 1.1161 1.3465 0.7579 0.9466 1.1892 1 1 1 1.4641 1.8609 2.2440 0.9659 1.0838 1.2136 1.0205 1.1945 1.3940 0.7426 0.8481 0.9857 1.1096 1.3501 1.6013 1.1722 1.4450 1.7514
OP 0.4945 0.6074 0.7688 0.5405 0.6466 0.7800 0.4364 0.5126 0.6282 0.4456 0.5374 0.6830 1 1 1 0.4900 0.5920 0.7426 0.5405 0.6525 0.8170 0.3956 0.4913 0.6335 0.5827 0.6694 0.8007 0.6120 0.7467 0.9330

OPR 0.7688 0.9748 1.2311 0.8409 1.0000 1.1892 0.7174 0.8734 1.0718 0.8240 0.9227 1.0353 1.3465 1.6891 2.0410 1 1 1 0.9659 1.1791 1.4142 0.6929 0.7825 0.9013 1.0000 1.2097 1.4432 1.0873 1.4140 1.7768
OREG 0.7643 0.8767 1.0000 0.6598 0.8235 1.0565 0.6559 0.7628 0.9013 0.7174 0.8371 0.9799 1.2239 1.5325 1.8503 0.7071 0.8481 1.0353 1 1 1 0.5359 0.6257 0.7734 0.9276 1.0880 1.2564 0.9659 1.2202 1.5247

OE 1.0145 1.2457 1.4941 1.0718 1.2780 1.4941 0.8832 1.1161 1.3940 1.0145 1.1791 1.3465 1.5784 2.0353 2.5276 1.1096 1.2780 1.4432 1.2930 1.5981 1.8661 1 1 1 1.2311 1.5920 1.9714 1.3660 1.6891 2.0118
OSTR 0.6245 0.7598 0.9521 0.7277 0.8513 1.0000 0.6465 0.7283 0.8409 0.6245 0.7407 0.9013 1.2490 1.4938 1.7162 0.6929 0.8267 1.0000 0.7960 0.9191 1.0781 0.5072 0.6281 0.8123 1 1 1 0.9466 1.1791 1.4432

OS 0.5562 0.6977 0.8884 0.6298 0.7500 0.9066 0.5376 0.6636 0.8409 0.5710 0.6920 0.8531 1.0718 1.3392 1.6341 0.5628 0.7072 0.9197 0.6559 0.8195 1.0353 0.4971 0.5920 0.7320 0.6929 0.8481 1.0565 1 1 1

TABLE VIII. COMPOSED FUZZY COLUMN MATRIX AND INTEGRATED
FUZZY EXPANSION AT LEVEL 1

Sum of Rows Sum of Columns
ORG 8.8694 11.7497 15.3899 0.0524 0.0894 0.1533
DIS 5.4686 6.8131 9.2028 0.0323 0.0518 0.0916

KMS 7.4666 9.5651 12.3198 0.0441 0.0728 0.1227
TRU 13.1536 17.8105 22.2984 0.0777 0.1355 0.2221
SH 8.8557 11.4183 14.9567 0.0523 0.0869 0.1490

CCC 10.3900 13.4453 17.1199 0.0614 0.1023 0.1705
PRO 10.2565 13.8539 17.8666 0.0606 0.1054 0.1779
TNT 9.0919 11.6679 15.2047 0.0537 0.0888 0.1514
TM 9.2680 12.0591 15.5032 0.0547 0.0918 0.1544

NCASN 11.9848 15.9644 19.9541 0.0708 0.1215 0.1987
PF 5.6075 7.0684 9.5027 0.0331 0.0538 0.0946

TABLE IX. COMPOSED FUZZY COLUMN MATRIX AND INTEGRATED
FUZZY EXPANSION AT LEVEL 2

Sum of Rows Sum of Columns
ORS 9.3551 11.3591 13.7446 0.0749 0.1084 0.1566
OST 9.0095 10.7397 12.8256 0.0722 0.1025 0.1461

OSTD 10.2964 12.4681 14.9345 0.0825 0.1190 0.1702
OC 10.0177 11.8621 13.9150 0.0802 0.1132 0.1585
OP 5.5376 6.4560 7.7869 0.0444 0.0616 0.0887

OPR 9.2438 11.0452 13.1038 0.0740 0.1054 0.1493
OREG 8.1577 9.6146 11.3776 0.0653 0.0917 0.1296

OE 11.5621 14.0114 16.5487 0.0926 0.1337 0.1885
OSTR 7.8149 9.1271 10.7441 0.0626 0.0871 0.1224

OS 6.7751 8.1094 9.8665 0.0543 0.0774 0.1124

TABLE X. COMPOSED CRISP MATRIX AT LEVEL 1

ORG DIS KMS TRU SH CCC PRO TNT TM NCASN PF
ORG 1 1 0.621 1 0.877 0.853 1 0.977 0.720 1 1
DIS 0.511 0.694 0.143 0.529 0.375 0.367 0.295 0.480 0.231 0.968 1
KMS 0.809 1 0.418 0.833 0.675 0.656 0.497 0.782 0.516 1 1
TRU 1 1 1 1 1 1 1 1 1 1 1
SH 0.975 1 1 0.594 0.850 0.827 0.631 0.951 0.693 1 1
CCC 1 1 1 0.736 1 0.972 1 1 0.839 1 1
PRO 1 1 1 0.769 1 1 1 1 0.870 1 1
TNT 0.994 1 1 0.612 1 0.869 0.541 0.970 0.712 1 1
TM 1 1 1 0.637 1 0.898 0.558 1 0.738 1 1
NCASN 1 1 1 0.896 1 1 1 1 1 1 1
PF 0.543 1 0.727 0.172 0.561 0.407 0.233 0.539 0.512 0.261 1

TABLE XI. COMPOSED CRISP MATRIX AT LEVEL 2 FOR SUB FACTOR
ORG

ORS OST OSTD OC OP OPR OREG OE OSTR OS
OST 0.923 0.794 0.860 1 0.961 1 0.302 1 1 1
OSTD 1 1 1 1 1 1 0.419 1 1 1
OC 1 1 0.929 1 1 1 0.368 1 1 1
OP 0.228 0.288 0.098 0.141 0.251 0.437 0.000 0.506 0.686 1
OPR 0.961 1 0.831 0.899 1 1 0.319 1 1 1
OREG 0.767 0.843 0.634 0.697 1 0.803 0.216 1 1 1
OE 1 1 1 1 1 1 1 1 1 1
OSTR 0.690 0.766 0.556 0.618 1 0.725 0.449 0.390 1 1
OS 0.547 0.616 0.419 0.473 1 0.578 0.371 0.260 0.837 1

TABLE XII. NORMALIZATION AT LEVEL 1

Minimum Degree Normalization
of Possibility

ORG 0.621 0.0963
DIS 0.143 0.0222
KMS 0.418 0.0648
TRU 1.000 0.1551
SH 0.594 0.0922
CCC 0.736 0.1142
PRO 0.769 0.1193
TNT 0.541 0.0838
TM 0.558 0.0866
NCASN 0.896 0.1390
PF 0.172 0.0266

TABLE XIII. NORMALIZATION AT LEVEL 2 SUB FACTOR ORG

Minimum Degree Normalization
of Possibility

ORS 0.352 0.0970
OST 0.302 0.0832
OSTD 0.419 0.1157
OC 0.368 0.1015
OP 0.000 0.0000
OPR 0.319 0.0880
OREG 0.216 0.0595
OE 1.000 0.2758
OSTR 0.390 0.1076
OS 0.260 0.0717

development, which leads to competitiveness. The proposed
research considers 56 sub-factors that are classified into 11
categories and prioritized by the fuzzy MCDM model. Fig.
6 shows the priority of the main factors and Fig. 5 shows
the results for the sub-factors of the Organization factor .
Trust is graded as the highest priority because it is the most
important factor for improving the yield of the software indus-
try. National Culture and Social Norms is the second highest
ranked factor. Project-related factors are 3rd , communication
and collaboration are 4th, and Organization and Stakeholders
are 5th and 6th, respectively. Previously, geographical distances
were considered very significant, but this factor is suggested to
not be crucial for the growth of the software industry because
the means of communication and collaboration (which is the
4th most important category) have altered the ways of GSD.
Other SFs that are also important are listed in Fig. 6. The
final assignment of the priority order for the SFs rationally
agrees with the experts’ opinion. To prove the consistency of
our research work, we performed a sensitivity analysis in the
next subsection.

B. Comparative and Sensitivity Analysis

In this section, we present a sensitivity analysis of the
strengths of the proposed work. Along with the sensitivity
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Fig. 6. Overall weights of the subfactors with respect to ORG.

analysis a comparison of the two latest research works on SFs
is given in Table XIV. For sensitivity analysis the values of the
criteria are systematically changed to understand that how the
outcome is affected as a result of the change. Decision makers
often have to face uncertain situations, which create hurdles in
making the right decisions and implementing the appropriate
strategies. Prioritizing SFs by FAHP gives an experimental
assessment of the varying situations and their importance for
a particular project in GSD. Numerous aspects of different
SFs’ variations have concerned researchers in general, and to
date, the outcomes in the GSD environment have been either
contradictory or insufficient. For example, some researchers
have considered that cultural differences are important because
they have a strong impact on GSD and others did not consider
culture to be as important (shown in Appendix A). However,
in our case, cultural differences have the second highest rank.
As the effect of the SFs varies from country to country and
organization to organization, so to prove the consistency of
ultimate decision, sensitivity analysis is accompanied with
MCDM [45]. This is to examine the effect of variation on
criteria causing to affect the final outcome.

TABLE XIV. IDENTIFIED SFS BASED ON A REVIEW OF PROMINENT
LITERATURE ON SFS

hhhhhhhhhhhIdentified SFs
Research works

Paul
Clarcke

Huma
Hayat

Our Work Contribution

Organization Identify all the important
Project SFs with respect to liter-
Team ature and industry point
Knowledge sharing of view and devised a pr-
Culture X ecise mechanism to pri-
Stakeholder oritize them.
Tools & Technology X
Communication, collaboration and
coordination X X
Trust X X
Distance X X
Workspace X

Considering the conflicting issues related to two countries’
working atmosphere, the most significant issues with Pak-
istan’s software industry are the lack of Trust and issues related
to language, lunch breaks, and vacation schedules (cultural
aspects). Pakistani staff complained about the bad English-
language skills of Chinese workers, but these workers were
very good in other aspects. The major problems with the
Chinese workers were related to the lack of Trust and Cultural
differences. As discussed above, the language is also a sub-
factor of the SF Culture. Therefore, it received the second

highest rank, following Trust that is graded at 1st position.
Employees at all companies considered project requirement
estimation and evaluation to be critical, thus leading the Project
category to the 3rd highest rank. From above, the Trust,
Culture and Project are the first three to influence the project
development. The results of sensitivity analysis are showing
the influence of the variation in frequency of these three SFs
(Fig. 7) and the results obtained by defining the matrix between
criteria variable (Trust) and effort (Fig. 8), the validity of
proposed work is proved.

Fig. 7. Sensitivity analysis results.

Fig. 8. Sensitivity analysis of trust on total effort.

The main objective of our research is to automate SF
evaluation, and this is the first step towards it. The manual
assessment of SFs with respect to a certain location is a
critical task and should be handled vigorously. An automated
and intelligent technique can help to make correct and pre-
cise estimates. It should be efficient to reduce the time and
human resources compared to human-based techniques. The
recommendations from global industry experts and sensitivity
analysis proved that the proposed method is the best fit in many
cases, as it is infeasible to devote significant efforts to each
SF. Our work is limited to only four multinational software
companies located in Pakistan and China. The strength of
the approach can be tested by conducting numerous case
studies in the software industry and comparing the results with
those obtained in other countries to reach an ultimate strategy
finding.

VI. CONCLUSION

In the global software development environment, due to
the complexity of varying situations, the software industry
must recognize the situational perspective to get a competitive
advantage. From the literature and a software industry survey,
we conclude that SFs are the key concerns in GSD and that
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their proper identification and prioritization can help to reduce
the unnecessary complexity of software projects. However,
manual decision-making is a challenging and time-consuming
process that involves many ambiguous and imprecise factors.
The vital importance of this work is the intelligent prioriti-
zation of SFs, which will enable managers to understand the
relative preference among the factors and design an improved
methodology for the software industry to proceed at the global
level. As this is a part of our continued research work, we are
working to explore the hidden relationships among the SFs and
their associated risks and to present the essential competency
provisions. We also aim to develop an intelligent, automated
and real-time recommender system to keep an up-to-date
precept-ability of the SFs and their associated risks to address
them in a dynamic environment and support practitioners with
the necessary groundwork to realize the booming future of
GSD.

APPENDIX

See extended literature reviewed.
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